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PEEFACE 


TO    THE    EIGHTH  EDITION. 


The  Author  had  long  felt  that  a  complete  revision  of  this  work  had 
become  necessary,  in  order  to  bring  it  on  a  level  with.  Modern  Surgery 
in  its  Science  as  well  as  in  its  Art. 

Much  that  was  antiquated  had  to  be  eliminated  from  its  pages — 
more  that  was  new  in  Pathology  as  well  as  in  Practice  required 
notice ;  for  in  no  corresponding  period  in  the  history  of  Surgery  has 
so  great  an  advance  been  made  in  all  its  departments  as  in  that  which 
has  passed  since  the  last  edition  of  this  work  was  i^ublished. 

The  labour  demanded  by  such  complete  revision  of  a  work  extending 
over  so  wide  a  field  as  this  does,  was  greater  than  he  could  now  under- 
take single-handed.  He  therefore  sought,  and  was  fortunate  in  ob- 
taining, the  co-operation  of  his  old  pupil — his  colleague  and  friend, 
Marcus  Beck.  To  him  has  been  mainly  entrusted  all  that  relates  to 
Pathology.  To  this  task  Mr.  Beck  has  brought  not  only  an  extended 
practical  knowledge  of  Surgical  Pathology,  enabling  him  to  speak  with 
authority  from,  and  to  test  the  doctrines  of  others  by,  his  own  observa- 
tions, but  a  thorough  acquaintance  with  the  work  of  others  in  this 
field  of  science.  In  those  parts  of  the  book  also  which  relate  to 
Clinical  and  Operative  Surgery  he  has  doile  much  in  assisting  tlic 
Author  to  bring  up  these  subjects  to  the  level  of  the  more  advanced 
methods  of  modern  practice. 

The  Author's  friend  and  former  impil,  William  A.  Meredith,  most 
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kindly  undertook  the  revision  of  the  Chapter  on  the  Surgical  Treatment 
of  some  Uterine  and  Ovarian  Diseases — a  subject  for  which  his  special 
acquaintance  with  these  affections  peculiarly  fitted  him. 

To  Stanley  Boyd  the  Author  is  indebted  for  much  valuable  assistance 
in  carrying  the  work  through  the  Press ;  and  to  Victor  Horsley  for 
some  of  the  new  drawings  by  which  it  is  illustrated. 

About  one  hundred  and  fifty  new  Figures  have  been  added,  drawn 
from  nature  by  W.  H.  Wesley,  and  engraved  by  G.  Pearson,  some  of 
the  old  ones  are  cancelled,  and  many  re-drawn.  "Whenever  a  woodcut 
has  been  taken  from  another  work,  the  name  of  the  author  of  the  work 
Avhence  it  has  been  taken  has  been  appended  to  it.  When  no  such 
acknowledgment  is  made  the  Figure  is  original,  belongs  exclusively  to 
this  work,  and,  except  in  the  case  of  diagrams,  has  been  drawn  from 
nature.  The  Author  may  be  excused  from  laying  stress  on  these 
points,  as  many  of  his  illustrations  have  been  copied  into  other  works 
on  Surgery  without  acknowledgment  of  the  source  whence  they  have 
been  taken. 

Arrangements  have  been  made  for  the  appearance,  simultaneously 
with  the  English  Edition,  of  a  new  American  reprint  of  the  work,  and 
of  new  Translations  of  it  into  Italian  by  Dr.  Antonio  Longhi  of  J\Iilan, 
and  into  Spanish  by  Dr.  Ulecia-y-Cardona  of  Madrid. 

The  Author  feels  that  a  responsibility,  weighty  in  proportion  to  the 
very  extent  of  this  wide  diftusion  of  his  Instruction,  is  incurred  by  him 
who  takes  upon  himself  the  task  of  teaching  otliers  that  Science  which 
underlies  the  Art,  and  that  Art,  the  exercise  of  which  constitutes  the 
application  to  Practice  of  a  great  branch  of  Medical  knowledge^  which 
more  directly  than  any  other  department  of  Medicine  involves  the 
physical  well-being,  and  more  immediately  affects  the  life  of  those  on 
whom  it  is  exercised. 

It  is  not  sufficient  that  the  Teaching  of  a  Scientific  Art,  such  as 
Surgery,  should  be  sound  in  those  General  Laws  that  constitute  its 
Principles.    It  must  also  be  accurate  in  those  minute  details  that  arc 
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Jiecessary  to  its  successful  Practice,  and,  above  all,  just  in  its  estimate 
•of  the  labours  of  others. 

A  Teacher  of  Surgery,  who  seeks  to  give  a  true  and  impartial  view 
of  the  subject  of  his  tuition,  is  placed  in  mucli  the  same  position  as  a 
■J udgc  who  is  summing  up  a  great  cause. 

He  must  endeavour  to  divest  himself  of  the  trammels  of  the  Schools 
— to  free  himself  alike  from  the  partisanship  of  individual  bias  and  tlie 
prejudice  of  professional  antagonism. 

He  must  lay  down  clearly  the  broad  General  Principles  on  which  the 
<Jase  rests ;  detail  its  facts  in  an  orderly  and  succinct  manner,  draw 
those  deductions  which  legitimately  flow  therefrom,  and  guide  his 
Pupils  to  arrive  at  just  conclusions  by  the  light  of  his  own  more 
matured  and  extended  experience. 

Throughout  the  AVork  it  has  been  the  object  of  its  Author  to  place 
iDeforc  the  Student  and  Practitioner  the  Science  and  the  Art  of 
Surgery — not  as  consisting,  merely,  in  the  observation  of  such  Injuries, 
.Diseases,  and  Malformations,  as  are  met  with  in  Surgical  Practice  or 
in  the  dexterous  application  of  manual  or  operative  means  for  their 
relief ;  but  as  demanding  an  exercise  of  general  medical  knowledge,  and 
a  thorough  acquaintanc(5  with  all  those  conditions,  whether  intrinsic  to 
the  patient,  or  surrounding  him,  that  favour  or  prevent  his  restoration 
■to  health.  The  remarks  in  the  earlier  part  of  the  First  Chapter,  will, 
it  is  trusted,  sufficiently  indicate  to  the  Student  what  is  required  of 
Iiim  in  order  that  he  may  become  a  successful  Practitioner  of  Surgery. 

In  every  instance  aii  endeavour  has  been  made  to  give  as  full  and 
clear  a  description  of  Symptoms,  Pathology,  Diagnosis,  and  Treatment, 
as  the  importance  of  each  demands,  and  the  present  state  of  Surgical 
knowledge  permits. 

The  various  new  Operations  practised  in  modern  Surgery  have  been 
"Carefully  described,  the  ditficulties  and  dangers  attending  their  per- 
formance pointed  out,  and  the  cases  requiring  them  detailed. 

The  paramount  importance  of  Surgical  Hygiene,  both  general  and 
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local,  lias  led  to  sp.ecial  attention  being-  paid  to  it  in  the  Chapters  on 
Operations,  Wound^y  ajid  Septic  Diseases. 

With  respect  to  Diagnosis  •  it  may  be  remarked  that,  as  accuracy  in 
this  branch  is  an  all-important  requisite  for  success  in  Treatment,  the 
signs  and  symptoms  by  which  the  injury  or  disease  under  consideration 
may  be  recognised,  have  not  only  been  described  in  each  case,  but  care 
has  been  taken,  even  at  the  risk  of  occasional  repetition,  to  point  out 
the  several  conditions  with  which  it  may  be  confounded,  and  the  means 
of  distinguishing  it  from  each  of  them. 

The  Chapter  on  the  Operations  practised  on  the  Eye  has  been  omitted. 
The  Author  felt  that  as  it  was  impossible,  in  a  Work  on  General 
Surgery,  to  devote  sufficient  space  to  the  consideration  of  so  wide  and 
important  a  Special  Department  as  that  of  Ophthalmology,  it  would  be 
better  to  omit  so  very  limited  a  part  of  it  as  that  which  concerned  only 
its  Operations,  when  the  Diseases  for  which  they  were  practised  could 
not  be  described.  This  omission  has  been  rendered  the  more  necessar}- 
as,  notwithstanding  every  care  in  keeping  out  superfluous  or  extraneous 
matters,  the  size  of  the  volumes  of  the  present  Edition  considerably 
exceeds  that  of  the  last. 

More  than  thirty  years  have  passed  since  this  Work  was  first 
published.  During  this  lengthened  period  it  has  met  with  no  incon- 
siderable amount  of  favour  in  this  and  in  other  countries.  The  Author 
can  but  hope  that  the  present  Edition  in  its  extended  and  amended 
form  may  not  be  found  undeserving  of  the  continued  confidence  of  the 
Surgical  Profession  as  a  text-book  for  the  Student,  and  a  guide  for  the- 
Practitioner  in  Surgery. 

JOHN  ERIC  EPtlCHSEN. 


London,  1881. 
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GENERAL  COXSIDERATIONS  ON  OPERATIONS. 

By  a  Siircjical  Operation  is  meant  a  ^lanual  or  Mechanical  Process  under- 
taken by  the  Snrt,^eon  for  the  remedy  of  Deformity,  congenital  or  acquired,  or 
for  the  cure  or  relief  of  a  patient  suffering-  frojn  those  effects  of  Injury  or 
Disease,  that  are  incurable  by  constitutional  or  ordinary  local  treatmeiit,  or  in 
which  such  treatment  would  be  too  slow  in  effecting  the  desired  result. 
f  A  Surgical  Operation  may  be  necessary  for  the  following  objects  : 

1.  Renipdijinfi  or  Removiiuj  Coiifienital  Dfiferts  and  Malformations:  as  Hare- 
lip, Club-foot,  or  Supernumerary  Fingers  or  Toes. 

2.  Remedijing  Acquired  Defects  and  Diformities :  as  in  the  Closure  of  Fis- 
tulfB,  the  Restoration  of  Lost  Parts,  and  the  Correction  of  Distortions  of  the 
Limbs. 

3.  The  Removed  of  Foreign  Substances  from  the  Body  :  as  in  the  Extraction 
of  a  Bullet  or  a  Calculus. 

4.  The  Repair  of  the  Effects  of  Injuries:  as  in  the  treatment  of  certain 
Fractures  and  Dislocations. 

5.  The  Removal  of  Parts  that  liave  been  so  disorganised  by  tlie  effects  of 

that  their  vitality  is  lost,  or  that  their  conthuied  connection  with  the 
rest  of  the  body  would  be  a  source  of  danger  :  as  in  Amputation  for  Frost- 
bite or  Mangled  Limbs. 

6.  The  Removal  of  Diseased  Sinictures  that  interfere  with  the  utility  of  an 
organ  or  part :  as  in  the  Extraction  of  a  Cataract. 

7.  The  Removal  of  Diseased  Structures  that  seriously  inconvenience  the 
patient  or  that  remotely  threaten  life  :  as  in  the  Extirpation  of  Tumours, 
Simple  or  Malignant, 

8.  Rescuing  a  Patient  from  Immediate  and  Inevitable  Death :  as  in  Tying 
a  Bleeding  Artery,  Opening  the  Windpipe  in  LarjTigeal  Obstructions,  Reliev- 
ing an  Over-distended  Bladder,  or  Dividing  the  Stricture  hi  Strangulated 
Hernia. 

Operative  Surgery  is  but  the  application  of  manipulative  methods  to  tlie 
relief  and  cure  of  hijury  and  disease.    Like  every  other  art,  be  it  manipula- 
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tivc,  plastic,  or  imitative,  it  can  1)C  carried  only  to  a  certain  definite  point  of 
excellence.  An  art  may  he  modified — it  may  be  varied — but  it  cainiot  be 
perfected  beyond  certain  attainable  limits-.  And  ko  it  is,  and  indeed  must  be, 
with  that  of  Surgery.  There  cannot  always  be  fresh  fields  for  concinest  by  the 
knife.  There  must  l)e  portions  of  the  human  frame  that  will  e\X'r  remain 
sacred  fr(jm  its  intrusion— at  least,  in  the  Surgeon's  hand. 

That  we  have  nearly,  if  not  quite,  reached  these  final  limits  there  can  be 
little  question.  When  we  reflect  that  every  large  artery  in  the  human  body  up 
to  the  aorta  itself  has  been  repeatedly  ligatured — that  each  of  the  six  large 
•  articulations  and  many  of  the  smaller  bones  \\^\q.  been  resected — that  the  am- 
putation of  each  limb  up  to  the  shouldei-  or  hip-joint  is  a  matter  of  ordinary 
surgical  occurrence — that  large  tumours  having  the  most  intricate  anatomical 
connections  have  been  removed  from  every  surgical  region  in  the  body,  from 
the  ])ase  of  the  brain  to  the  lowest  organ  in  the  pelvic  cavity — that  the  larynx, 
the  spleen,  the  kidney,  the  pregnant  uterus,  and  even  portions  of  the  stomach 
have  been  successfully  removed — when  we  reflect  on  triumphs  of  the  Surgeon's 
art  that  are  expressed  by  operations  such  as  these,  we  c-an  scarcely  believe 
otherwise  than  that  little  remains  for  the  daring  of  the  boldest  to  devise,  or 
the  skill  of  the  most  dexterous  to  accomplish,  in  the  extension  of  that  art  in 
the  direction  of  its  operative  department,  and  that  the  Surgeon  must  in  future 
be  content  to  repeat,  though  possibly  in  a  modified  and  improved  manner, 
those  operations  that  have  been  inaugurated  by  the  genius  and  perfected  by 
the  skill  of  his  predecessors. 

It  is  true  that  some  of  the  operations  recently  jicrformed  for  the  remo'S'al  of 
in.iportant  organs  have  been  far  from  successful,  and  it  has  yet  to  be  de- 
termined whether  they  are  more  than  bold  experiments  on  the  power  arid 
endurance  of  the  human  frame  ;  whether  they  are  surgical  triumphs  or 
operative  audacities. 

To  my  mind,  it  appears  as  if  we  had  already  reached  something  like 
finality  in  the  mere  manipulative  art  of  Surgery  ;  though  I  hesitate  much  to 
use  the  word  "  finality,"  for  I  know  well  how  apt  a  man  is  to  suppose  that  art, 
to  the  prosecution  of  which  he  has  devoted  his  life,  to  have  attained  its  final 
limit  of  perfection.  Yet,  looking  at  the  question  as  dispassionately  as  possible, 
we  cannot  but  come  to  the  conclusion — that  we  can  scarcely  hope  to  pass  far 
beyond  the  line  at  which  we  have  arrived  in  the  direction  of  extreme  ju-ecision 
and  almost  absolute  certainty  in  the  mechanical  performance  of  the  0]ierations 
of  surgery,  and  that  in  this  direction  the  progress  of  modern  Surgery  is  nearly 
barred.  At  the  same  time,  we  may  reasonably  expect  that  the  details  of  the 
methods  of  practising  operations  may  from  time  to  time  be  materially  modified 
and  im]-)roved  by  the  skill  of  individual  operators,  by  the  ingenuity  of  surgical 
mechanicians,  or  possibly  by  the  iiitroduction  of  new  agents  as  aids  to  our  art. 

But  if  modern  operative  Surgery  has  attained  to  so  Iiigh  apitch  of  perfection 
in  all  that  relates  to  boldness  of  conception  and  to  precision  of  execution 
that  we  can  scarcely  hope  to  see  any  further  progress  in  these  directions  ;  and, 
indeed,  if  the  most  advanced  modern  Surgery  is  seeking  to  lay  aside  the  scalpel 
and  the  bistoury  for  milder  methods  of  treatment — if,  in  fact,  the  practical 
department  of  Surgery  has,  so  far  as  our  present  means  and  our  present  know- 
ledge are  concerned,  reached,  or  nearly  so,  its  final  development— the  case  is 
widely  different  with  the  other  great  branch  of  Surgery— the  scimiifir. 

For  here,  truly,  so  ftir  froip  having  approached  the  final  limits  of  our  subject, 
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wc  arc  but  as  yet  on  the  threshokl.  And  whether  we  rei^-ard  tlie  science  of 
Surgery  in  its  relation  to  the  essential  nature,  the  character,  the  recog-nitioii, 
and  the  pathology  of  surgical  diseases  and  injuries,  or  whether  we  consider  it 
in  reference  to  all  those  circumstances  which,  independently  of  the  mechanical 
skill  of  the  operator,  influence  for  good  or  for  ill  the  results  of  his  procedures, 
we  have  a  field  before  us  the  extent  of  which  it  is  diflicult  yet  to  estimate. 

And  here  T  do  not  speak  of  the  mere  local  results  ;  so  far  as  they  are  con- 
cerned, there  has  long  been  but  little  to  be  desired.  The  results  of  most 
plastic,  conservative,  and  ophthalmic  operations  have  been  as  satisfactory  as 
the  most  sanguine  could  hope  for  or  the  most  critical  expect.  So  also  with 
respect  to  that  multitude  of  minor  operations  that  arc  practtised  for  the  relief 
of  various  distressing  maladies,  and  which  are  followed  by  the  happiest  conse- 
quences. But  when  we  come  to  consider  the  issues  of  those  greater  and  graver 
operations,  by  which  the  life  of  a  patient  is  directly  imperilled,  we  are  con- 
strained to  admit  that  success  in  results  long  lagged  far  behind  and  bore  no 
relation  to  the  perfection  in  the  execution  of  the  operation,  and  that  in  this 
respect  the  highly  polished  Art  of  Surgery  formerly  far  outshone  its  Science. 

Since  this  was  Avritten,  now  ten  years  ago,  much  of  its  force  has  been  lost. 
For  the  treatment  of  wounds,  whether  accidental  or  inflicted  by  the  Surgeon's 
knife,  has  been  greatly  improved  by  the  application  of  scientific  methods  to 
their  management,  and  operations  have  been  correspondingly  rendered  more 
successful  in  their  results.    We  have,  in  fact,  arri\  ed  at  one  of  those  epochs 
in  the  history  of  Surgery  which  stand  out  prominently  as  starting-points  from 
which  a  new  departiure  is  taken  in  its  Art — either  in  relation  to  its  practice 
generally  or  in  the  development  of  some  special  department.    Amongst  the 
most  important  of  these  epochs,  so  far  as  the  improvement  of  the  general 
practice  of  Siu'gery  is  concerned,  are  those  marked  by  the  revival  of  the  use  of 
the  Ligature  in  the  sixteenth  century,  and  by  the  introduction  of  the  Hunterian 
operation  for  Anem-ism  in  the  eighteenth.    The  nineteenth  century  will  ever 
stand  out  brightly  in  the  annals  of  Surgery  as  that  in  which  the  inestimable 
boon  of  Anajsthetics  was  conferred  upon  mankind,  by  wliich  not  only  has  ])ain 
in  Surgery  been  abolished,  but  the  extent  of  its  opel'ati^•e  department  immensely 
enlarged,  for  they  enable  the  Surgeon  to  perform,  and  the  patient  to  undergo 
procedures,  the  agony  of  which  would  otherwise  have  been  beyond  the  power 
of  human  endurance.    A  scarcely  less  noticeable  feature  in  the  Surgery  of  this 
epoch  is  the  ai)plication  of  the  rules  of  a  scientific  hygiene  to  the  treatment 
of  the  injured,  and  the  methodical  employment  of  Antiseptics  in  the  manage- 
jneut  of  wounds.  Founded,  as  the  "  Antiseptic  Method  "  is,  on  the  experimental 
researches  of  Pasteur,  it  is  undoubtedly  to  Lister  that  Surgery  owes  the 
application  to  Surgical  Practice  of  the  doctrines  established  by  that  great 
Biologist.    However  much  the  details  of  the  AnHspplic  Jfef/wd  may  be  varied 
in  the  course  of  time  and  by  the  introduction  of  new  chemical  agents,  the 
grand  principle  which  sub-lies  it,  and  on  which  the  whole  sui)erstructure  of  its 
details  is  built,  will  run  on  intact  and  unchangeable.    This  princi])le  is  as 
follows  :— That  the  decomposition  of  fluids  in  wounds,  their  putrefactive 
changes,  in  short,  are  directly  dependent  on  their  impregnation  with  organic 
matter,  floating  in  the  air,  and  thence  deposited  or  in  other  ways  conveyed  to 
them,  fermentative  or  putrefactive  changes  being  thus  at  once  set  up  in  the 
fluids  of  the  wound  ;  that  such  local  actions  are  capable  of  producing  general 
septic  infection  of  the  fluids  of  the  body  ;  and  further,  that  these  oi-ganic 
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pi-oducts  may  l)e  excluded  from  the  wound,  either  hy  tlieir  destruction  in  the 
air  by  chemical  agents,  such  as  carlxjlic  acid,  or  their  separation  from  it 
by  filtration,  as  by  layers  of  muslin  or  of  cotton  wool.  It  is  this  doctrine 
that  has  revolutionized  the  practice  of  modern  Surgerj-.  The  details  by 
which  it  is  carried  out  are  necessarily  chanji-eable.  The  Princijile  itself  is 
imnmtable,  for  it  is  based  on,  and  is  the  outcome  of,  direct  experiment  and 
observation. 

Success  ill  the  results  is,  after  all,  the  thing  to  aim  at,  and  no  amount  of 
manual  dexterity  can  compensate  for  its  want.    But  it  must  not  be  supposed,, 
that  manual  dexterity  is  to  be  undervalued — far  from  it.    Manual  dexterity 
is  necessarily  of  the  first  advantage  in  the  performance  of  any"  operation, 
and  the  Surgeon  should  diligently  endeavour  to  acquire  the  Art  of  using 
his  instruments  with  neatness,  rapidity,  and  certainty.    In  many  cases  of 
minor  moment,  no  other  requisite  is  needed  by  the  Surgeon  than  this. 
But  it  would,  indeed,  be  a  fatal  error  to  suppose  that,  in  the  majority  of  cases 
requiring  surgical  interference,  this  is  the  only  or  indeed  the  chief  require- 
ment on  the  part  of  the  operator.    Manual  dexterity  must  not  be  mistaken  for 
surgical  skill  ;  and,  desirable  as  it  doubtless  may  be  to  be  able  to  remove  a 
limb,  or  to  cut  out  a  stone,  with  rapidity, — important,  in  a  Avord,  as  it  is  to 
become  a  dexterous  operator — it  is  of  far  greater  importance  to  become  a 
successful  Surgeon.    The  object  of  every  operation  is  the  removal  of  some 
condition  that  either  threatens  life,  or  interferes  with  the  comfort  and  utility 
of  existence  ;  and  the  more  safely  as  well  as  certainly  a  Surgeon  can  accom- 
plish this  object,  the  better  will  he  do  his  duty  to  his  patients,  and  the  more 
successful  will  he  be  in  his  practice.    Success  then,  in  the  result  of  an  opera- 
tion, whether  that  result  be  the  preservation  of  life  or  the  removal  of  a  source 
of  discomfort,  is  the  thing  to  aim  at.  To  this,  dexterity  and  rapidity  in  opera- 
ting are  in  a  high  degree  conducive  ;  but  there  are  various  other  considerations 
equally  or  still  more  necessary,  the  solution  of  which  can  be  aflForded  only  by 
an  intimate  general  acquaintanc^c  with  the  Science  of  Surgery  aud  of  jMedidne, 
The  Diagnosis  of  the  nature  of  the  local  disease,  and  of  the  extent  of  its  con- 
nections, has  to  be  made  ;  lurking  visceral  affections  must  be  detected  and,  if 
possible,  removed.    The  Constitution  of  the  patient  must  be  prepared  ;  'he 
must,  as  far  as  ]-)Ossible,  be  placed  in  those  hygienic  conditions  which  are  most- 
favourable  to  recovery  ;  the  best  time  for  the  ])erformance  of  the  operation 
must  be  seized  ;  and,  after  its  completion,  the  general  health  must  be  attended 
to  in  such  a  way  as  shall  best  carry  the  patient  through  the  difficulties  he  has 
to  encounter ;  and  any  sequelas  or  com])lications  that  arise  must  be  subjected  to 
appropriate  treatment.    These,  as  well  as  the  simple  performance  of  the  opera- 
tion, are  the  duties  of  the  Surgeon  ;  and  on  the  manner  in  which  they  are  per- 
formed, as  much  as,  or  even  perhaps  more  than,  on  the  mere  manual  dexterity 
displayed  in  the  operation  itself,  will  the  fate  of  the  patient  depend.    It  is  well 
known  that  the  result  of  operations  differs  much  in  the  practice  of  different 
Surgeons  of  acknowledged  dexterity  ;  and  this  variation  in  the  proportionate 
number  of  recoveries  cannot  be  accounted  for  by  any  difference  in  the  deo-'ree 
of  manual  skill  displayed  in  the  operation  itself;  but  must  be  sought  rathci-  in 
the  greater  attention  that  is  paid  by  some  Surgeons  to  the  constitutional  treat- 
ment of  their  patients  before  and  after  operation,  and  to  their  more  perfect 
acquaintance  with  those  general  laws  that  influence  the  success  of  all  the  opera 
tions  of  Surgeiy.    Indeed,  success  in  Operative  Surgery  mainly  depends  on  two 
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conditions  :  1.  Tlic  selection  of  proper  cases  ;  tliat  is  to  say,  of  cases  in  which 
alone  an  operation  will  probably  l)e  followed  by  a  successful  result ;  and  2. 
the  avoidance  or  the  combating  of  those  deleterious  influences,  hygiem'c  and 
others,  to  which  a  patient  may  be  exposed  after  an  oi)eration,  and  which  may 
directly  mar  its  success. 

Two  recpiisites  are  thus  essentially  needed  to  constitute  a  successful  o])erator. 
The  first  is,  the  possession  of  that  mechanical  skill  which  is  required  for  the  safe, 
efficient,  and  speedy  performance  of  an  operation  ;  the  second,  of  at  least  equal 
importance,  is  the  scientific  knowledge  requisite  to  determine  the  cases  in  which 
operation  has  become  necessary,  in  which  it  maybe  practised Avitli  a  reasonable 
prospect  of  benefit  and  success,  and  to  decide  on  tlie  means  to  be  adopted  to 
place  the  patient  in  the  most  favourable  circumstances  for  rcco\"ery. 

The  practice  of  operating  in  notoriously  hopeless  cases,  with  the  view  of 
giving  the  patient  what  is  called  "  a  last  chance,"  is  much  to  be  deprecated, 
and  should  never  be  followed.  It  is  by  operating  in  such  circumstances, 
especially  in  cancerous  diseases,  that  much  discredit  has  resulted  to  Surgery  ; 
for  in  a  great  number  of  instances  the  patient's  death  is  hastened  by  the  pro- 
cedure, which,  instead  of  giving  him  a  last  chance,  causes  him  only  to  be 
despatched  sooner  than  he  would  otherwise  have  been.  It  may  truly  be  said 
that  a  great  surgical  operation,  in  its  conception,  its  performance,  and  its 
completion,  tests  the  Surgeon's  medical  knowledge  as  much  and  in  as  varied  a 
manner  a.s  it  taxes  his  manual  skill  ;  and  that,  taken  as  a  whole,  it  is  the 
highest  development  of  the  medical  art. 

CONDITIONS  INFLUENCINa  THE    SUCCESS  OF  OPERATIONS. 

The  circunistauces  that  mainly  ijifluence  the  result  of  an  operation,  so  far  as 
the  recovery  of  the  patient  is  concerned,  maybe  arranged  under  three  heads 
1 .  Those  that  are  connected  with  the  State  of  the  Patient'' s  (leneral  Health 
before  and  at  the  time  of  its  performance  ;  2.  The  Hijuiemc  Conditions  hy 
which  he  is  surrounded  after  it  is  done  ;  and  ?>.  The  Sj)ecial  Dangers  connected 
with  the  operation  itself. 

1.  All  other  circumstances  being  alike,  the  condition  of  a  patient  that 
]irincipally  determines  the  result  of  an  operation  is  the  State  of  the  General 
Health.    Indeed,  success  is  influenced  far  more  by  the  state  of  the  patient's 
constitution  than  by  the  severity  of  an  operation  itself,  or  even  by  the 
mechanical  dexterity  with  which  the  Surgeon  performs  it.    Very  often  we 
see  a  patient  carried  off"  by  fatal  disease  supervening  on  some  extremely 
trifling  operation,  (such  as  the  removal  of  a  small  tumour,)  which  iu  itself 
ought  iu  no  way  to  endanger  life,  were  it  not  that  the  patient's  constitu- 
tion was  at  the  time  of  its  performance  in  so  unhealthy  a  state  that  the 
slightest  exciting  cause  has  been  sufficient  to  call  the  fatal  disease  into  activity. 
So,  also,  it  is  no  uncommon  circumstance  to  see  one  patient  sink  after  the 
most  dexterously  performed  operation  for  hernia,  or  stone,  the  ligature  of  an 
artery,  &c.,  owing  to  some  constitutional  condition  that  predisposes  to  diffuse 
inflammations ;  whilst  another  may  possibly  make  the  most  remarkable 
and  rapid  recovery  after  he  has  been  mutilated  with  but  little  skill.  Inde- 
pendently of  actual  organic  disease  of  the  viscera,  of  which  I  shall  hereafter 
speak,  there  arc  certain  conditions  of  the  body  with  respect  to  the  condition 
of  the  nervous  system,  the  circulation,  and  the  general  physical  state,  that 
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exercise  un  injurious  influence.  Thus,  persons  of  an  iriitahle  and  anxious 
mind  do  not  bear  operations  so  -well  as  those  of  a  more  tranquil  mental  consti- 
tution. Those  also  of  a  feehle  and  iiTital)le  habit  of  body,  especially  nervous 
and  hysterical  women,  Avith  but  little  strenj^th  of  circulation,  cannot  bear  u]-> 
against  severe  surj^ical  ])rocedures,  and  often  sink  after  cora])aratively  slight 
ones  ;  being  a])t  to  become  depressed  and  to  sink  without  rallying.  Persons 
who  are  overloaded  with  fat  are  not  good  subjects  for  surgical  operations.  In 
them  the  circulation  is  usually  feeble  ;  the  wound  heals  slowly  and  is  apt  to 
become  sloughy  ;  and  general  or  local  infective  processes  readily  occur.  Short 
of  actual  structural  disease  of  important  organs,  as  the  lungs,  heart,  or 
kidneys,  I  know  no  condition  more  unfavourable  to  success  after  operations 
than  premature  or  excessive  obesity. 

Patients  with  a  high  temperature  should  never  be  operated  on  except  for  the 
relief  of  that  very  condition  which  occasions  the  elevation  of  teni]ierature,  such 
as  the  accumulation  of  pus,  or  rapidly  spreading  gangrenous  inflammation,  or 
in  one  of  those  four  great  surgical  emergencies  that  demand  under  all  and 
e^'ery  circumstance  immediate  operation  ;  viz.  :  1,  dangerous  haemorrhage  ;  2, 
impending  asphyxia  ;  3,  strangulated  hernia  and  intestinal  obstruction  ;  and 
4,  over-distended  bladder.  The  urgency  of  these  conditions,  which  may  be 
termed  the  four  classes  of  primary  surgical  urgency,  overrides  all  other  con- 
siderations. 

An  individual  of  a  sound  constitution,  that  has  never  been  impaired  liy 
excesses  of  any  kind,  whose  habits  have  been  temperate  and  sober,  -whose  diet 
has  been  sufiicient  and  of  good  quality,  whose  mind  has  never  been  over- 
strained by  the  anxieties  of  business  or  the  labours  of  a  ])rofessional  life,  and 
whose  existence  has  been  spent  in  rural  occupations  and  in  the  pure  air  of  the 
countiy,  is  necessarily  placed  in  a  far  more  favourable  position  to  bear  the 
effects  of  any  mutilation,  Avhether  it  be  the  result  of  injury  or  be  inflicted  ])y 
the  Surgeon's  knife,  than  the  man  whose  physical  powers  are  worn  out  by 
active  and  unceasing  laisincss-aA  ocations  or  iwofessional  work,  whose  nervous 
system  is  exhausted  by  his  anxious  labours  ;  and  infinitely  more  so  than  the 
poor  inhabitant  of  a  large  and  densely  peopled  town,  Avho  has  from  earliest 
childhood  inhaled  an  impure  and  foetid  atmosphere,  whose  scanty  diet  has 
consisted  of  the  refuse  of  the  shops,  or  the  semi-decomposed  offal  of  the  stalls, 
and  whose  nervous  system  has  been  irritated  and  at  the  same  time  exhausted 
in  the  daily  struggle  for  a  precarious  liA  clihood,  or  over-stimulated  by  habitual 
excesses  in  strong  drinks,  by  which  he  has  hoped  to  purchase  tenqiorary  for- 
getfulness  of  the  cares  of  a  sordid  life.  Though  individuals  with  such  different 
antecedents  be  placed  under  exactly  the  same  hygienic  circumstances  after  the 
performance  of  an  operation,  yet  the  results  will  jitroliably  be  veiy  dissimilar, 
influenced  as  they  must  be  by  their  past  rather  than  by  their  present  condition! 
In  the  ojie  case,  the  inflammation  resulting  from  the  incision,  and  requisite 
for  the  cure  of  the  womid,  will  not  overstep  the  normal  degree  necessary  foi* 
the  healhig  process.  In  the  other  it  may  assume  a  spreading  form  and  ter- 
minate in  some  of  those  secondaiy  affections  which  will  presently  be  adA'erted 
to  as  occasioning  death  under  unfavoural)le  hygienic  conditions. 

Besides  the  general  state  of  the  patient's  liealth,  the  Condition  of  Imjwriant 
Organs  must  be  taken  into  consideration  before  an  operation  is  decided  on. 
The  state  of  the  patient's  Heart  should  be  carefully  looked  to.  Valvular 
disease  of  this  organ,  if  early  or  slight,  need  not  be  an  obstacle  to  most 
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operatious,  cveu  to  those  of  expediency  ;  bub  fatty  degeneration  of  the 
heart,  as  indicated  by  its  feeble  action,  by  irregularity  and  want  of  power  in 
the  circulation,  by  breathlessness,  and  by  a  distinctly  marked  arcus  senilis, 
should  make  the  Surgeon  careful  in  undertaking  any  operation  attended  with 
much  loss  of  blood  or  shock  to  the  nervous  system.  Such  a  condition  of  heart 
is  liable  to  occasion  great  depression  of  strength,  syncope,  and  death — often 
sudden — some  days  after  the  operation.  In  cases  of  chj'onio  disease  that  it 
would  otherwise  be  proper  to  submit  to  operation,  this  condition  of  the  heart 
becomes  a  serious  obstacle,  but  it  need  not  be  n  bnr  to  opfti'ation  in  acute 
cases  that  would  be  speedily  fatal  if  left  to  themselves,  and  certainly  not  in 
one  of  the  four  conditions  of  primary  surgical  urgency. 

Disease  of  the  Lungs,  of  a  tuberculous  character,  when  active  or  advanced, 
is  incompatible  with  the  success  of  an  operation  ;  but  nnder  certain  circum- 
stances, as  will  be  explained  when  speaking  of  diseases  of  the  joints  and 
fistula  in  ano,  an  operation  is  justifiable  and  proper,  even  though  the  patient 
be  consumptive. 

If  the  Liver  be  affected  by  cirrhosis,  and  more  especially  if  any  symptoms 
of  ascites  have  supervened,  no  operation  but  for  the  relief  of  disease  that 
instantly  threatens  life  should  be  undertaken.  Amyloid  degeneration  does 
not  counter-indicate  an  operation  if,  by  that  operation,  the  cause  of  the 
condition  can  be  removed,  as  in  some  cases  of  chronic  joint  disease. 

Perhaps  the  most  serious  constitutional  affection,  and  that  which  more  than 
any  others  militates  against  the  success  of  an  operation,  is  disease  of  the 
Kidneys,  with  albuminuria  ;  in  this  condition  the  local  inflammation  that  is 
set  up  is  apt  to  assume  a  diffuse  and  sloughing  form,  and  this  is  especially  the 
case  in  all  operations  about  the  pelvic  and  genito-uriiiary  organs. 

/Scirchari/ie  diabetes  is  another  constitutional  condition  which  absolutely 
forbids  all  operations  except  those  required  for  the  immediate  preservation  of 
life.  The  tendency  to  the  occurrence  of  carbuncle  and  spontaneous  gangrene 
in  diabetes  is  a  well-known  feature  of  the  disease,  and  this  tendency  shows  itself 
after  an  operation  in  sloughing  of  the  surfaces  of  the  wound,  with  widely-spread- 
ing diffuse  inflammation  followed  by  septica)mia  and  death.  Albuminuria  and 
diabetes  form,  in  fact,  such  serious  complications,  that  no  operation,  even  the 
most  trivial,  should  be  undertaken,  except  in  cases  of  emergency,  without 
previously  examining  the  urine  both  for  albumen  and  sugar. 

The  contamination  of  the  patient's  system  by  IMalignant  Disease  must 
always  prevent  our  operating ;  as,  if  this  has  taken  place,  the  disease  cannot  be 
completely  removed.    And,  lastly,  no  operation,  save  of  the  most  urgent  neces- 
sity in  cases  that  fall  within  the  category  of  one  of  the  four  classes  of  primary 
surgical  urgency,  and  thus  intended  to  rescue  the  patient  from  impending  death, 
should  ever  be  peifornied  whilst  he  is  labouring  under  Pyaiinia,  Septicasmia, 
Erysipelas,  Phlebitis,  or  any  Diffuse  Inflammation  ;  and  cA'cn  during  the 
epidemic  preA^alence  of  these  affections,  operations  that  are  not  of  immediate 
necessity  should  be  postponed  until  a  more  favourable  season.  Operations 
in  A'ery  old  people,  if  severe  and  attended  by  much  shock  to  the  system,  arc 
commonly  fatal ;  amputations  in  individuals  above  the  age  of  seventy,  are  very 
rarely  successfal. 

'2.  The  Hygienic  Conditions  to  which  a  patient  is  exposed  both  before  and 
after  an  operation,  will  most  materially  influence  its  results.  These  conditions 
are  of  two  kinds  : — 1.  As  regards  the  diet  of  the  patient,  and  2.  As  concerns 
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his  exposure  to  a  A-itiated  atmosphere  contaminated  by  the  emanations  from 
the  sick  and  wounded,  such  as  is  commonly  met  with  in  the  wards  of  an  over- 
crowded or  ill -constructed  hospital.* 

The  proper  res^-ulation  of  the  patient's  Diet  before  and  after  an  operation  is 
of  great  cousecpience.  On  this  point  it  is  impossiljle  to  lay  down  any  very 
definite  rule,  as  much  depends  not  only  on  the  patient's  previous  habits  of  life, 
but  on  the  nature  of  the  operation  itself ;  and,  as  this  subject  will  be  discussed 
at 'the  end  of  the  Chapter,  it  need  not  detain  us  here.  It  is  not,  however,  often 
that  in  civil  jn-cvctice  the  insufficient  quantity  or  theliad  quality  of  the  patient's 
food,  with  which  he  is  supplied  afler  the  i)erformance,  influences  materially  the 
result  of  an  operation.  Bat  in  military  and  naval  practice  in  time  of  war  the 
case  is  far  different.  The  soldier  or  the  sailor  on  active  service  is  often  exposed 
to  serious  injuries  that  necessitate  the  more  important  operations  at  a  time 
when  his  constitutional  jiowers  have  ah-eady  been  broken  down  by  scurvy, 
dysentery,  or  some  other  similar  affection,  resultinfj,-  as  much  from  the  deficient 
quantity  as  from  the  unwholesome  character  of  the  food  with  which  alone  he 
can  be  supplied.  After  the  operation  his  only  availalile  nutriment  may  be 
of  the  coarsest  character,  possibly  salted,  and  imperfectly  cooked.  In  such 
circumstances  operation-wounds  do  not  heal,  or  they  assume  a  peculiar  <>-angTe- 
iious  character ;  and  the  patient  dies  from  septicemia  or  ])ya3nna,  or  from 
profuse  diarrhoea  with  ulceration  of  the  intestines.  The  mortality  of  operations 
becomes  enormously  increased  ;  and  thousands  of  deaths  which  huxe  occurred 
in  wars  between  the  most  civilised  nations  and  the  best  appointed  armies  have 
been  due  to  these  causes. 

The  Hijgieim  Condiiiom  to  which  the  jiatient  is  subjected  after  an  operation 
will  necessarily  vary  greatly  according  to  the  locality  in,  and  the  circumstances 
under,  which  it  is  performed — whether  it  is  done  in  a  private  house,  where  the 
patient  may  be  isolated,  freed  from  the  chance  of  all  contamination,  and 
surrounded  by  every  sanitary  precaution  ;  or  in  a  hospital,  where  he  nnist 
necessarily  be  exposed  to  emanations,  ]iossibly  of  a  septic  and  infectious 
character,  from  other  patients,  where  the  building  may  be  impregnated  by  the 
exhalations  from  generations  of  sick  and  injured,  and  where  sanitary 
measures  may  be  neutralised  by  the  conditions  generated  by  a  vast  assemblage 
of  sick  under  one  roof.  Then,  again,  the  circumstances  in  which  a  patient  is 
placed  after  an  operation  for  an  accident  of  civil  life  are  necessarily  very  different 
from  those  that  surround  one  who  is  exposed  to  the  peculiar  perils  that  are 
necessarily  connected  with  military  hospitals  and  ambulances  in  time  of  active 
war,  and  which  will  be  more  fully  described  in  the  chapter  on  Gunshot  wounds. 

In  private  practice,  ill  results  may  follow  operations  from  three  different 
causes,  viz.  :  self-infection  of  the  patient,  in  consequence  of  the  retention  of 
decomposing  and  putrescent  secretions  in  the  wound  ;  conveyance  of  infection 
by  the  Surgeon  ;  and  general  faulty  sanitary  arrangements  of  the  house.  In 
hospital  practice  these  different  sources  of  danger  must  necessarily  exist  to  the 
same  if  not  to  a  greater  extent  than  in  jn-ivate.  In  hospital,  however,  just  as  in 
private  practice,  these  particular  dangers  are  all  preventable,  and  disease  of  a 
septic  character  ought  not  to  be  allowed  to  generate  itself  through  their  medium. 
The  frequency  of  such  an  occurrence  is  in  the  direct  ratio  of  the  want  of 
hygienic  attention  bestowed  upon  the  patient.  But  in  addition  to  these  causes 

•»  1  wmiM  refer  the  reader  who  wishes  to  study  this  very  important  subject  more  .leeiilv  to  mv  "  TfoUn-o.^ 
on  Hospitalism  and  the  Causes  of  Death  after  Upcrations."    Longmans,  1S74.  •* 
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of  disease,  there  exists  in  hospitals  one  special  source  of  danger  which  leads  to 
the  excessive  mortality  that  up  to  a  recent  period  has  ])revailed  in  most  of  these 
institutions,  and  Avhich  unfortunately  is  still  allowed  to  be  prevalent  in  some. 
This  danger  results  from  the  accumulation  of  large  ]uunl)ers  of  sick  and 
injured  people  in  one  building. 

The  air  of  larg-e  towns  or  cities  in  which  the  great  majority  of  liospitals 
must  necessarily  be  situated  is,  to  begin  with,  more  or  less  loaded  with  im- 
purities. The  normal  "4  parts  per  1,(»00  of  carbonic  acid  gas  is  always  ex- 
ceeded, the  amount  sometimes  reaching  as  high  as  '5  or  •55.  The  amount  of 
solid  impurity  is  also  \q\-\  considerable.  It  has  long  been  known  that  the 
atmosphere  is  loaded  with  minute  particles  of  organic  matter  in  a  state  of 
suspension.  More  than  twenty  years  ago  Pouchet  demonstrated  the  presence 
of  starch  granules  in  the  dust  deposited  in  a  room.  In  18G1  Pasteur  proved 
that  the  spores  of  fungi  were  always  to  be  found  in  the  air  of  Paris.  Tyndall 
has  also  shown  how  large  a  jiroportion  of  the  dust  of  the  air  is  composed  of 
organic  matter.  Nothing  is  more  simple  than  to  demonstrate  this  impurity 
of  the  air  by  the  method  recommended  by  Koch  of  Berlin  in  which  the  de- 
velopment of  the  various  fmigi  can  be  watched  on  a  boiled  potatoe,  the  cut 
surface  of  Avhich  has  been  for  a  short  time  exposed  to  the  air,  and  then 
covered  with  a  bell  jar.  By  a  similar  method  of  observation  the  presence  of 
the  spores  of  fungi,  and  occasionally  of  bacteria,  may  l)c  shown  in  the  dust 
deposited  on  the  tops  of  doors,  picture-frames,  &c.  Microscopic  examination 
shows  in  the  air  of  all  inhabited  rooms,  scaly  epithelium,  bits  of  human  hair, 
and  fibres  of  cotton,  linen,  and  wool  from  the  clothing.  All  these  impurities 
are  easily  to  be  recognised  by  simple  microscopic  examination  of  the  dust 
filtered  from  the  air.  The  experiments  of  Pasteur,  Tyndall,  Lister,  and  a  host 
of  other  observers  have  conclusi\  ely  proA  ed  that  the  air  contains  also  minute 
solid  particles,  often  incapable  of  ocular  demonstration,  w-hich  act  as  ferments 
upon  dead  organic  matter  giving  rise  to  such  processes  as  the  ordinary  putre- 
faction of  albuminoid  substances,  the  lactic  acid  fermentation  of  milk  and 
the  like.  Pasteur  and  his  disciples  maintain  that  in  all  cases  these  particles  arc 
living  organisms  or  their  spores.  Pouchet,  Bastian,  and  others,  however, 
while  not  denying  that  such  minute  paiticles  do  exist  in  the  air,  and  that  they 
do  act  as  ferments  when  they  come  in  contact  with  fermentable  matter,  believe 
that  they  are  not  organised  bodies,  but  are  particles  of  organic  matter  under- 
going certain  "  physico-chemical  changes."  They  also  assert  that  under 
favourable  circumstances  putrefaction  and  analogous  processes  can  occur 
spontaneously  without  the  interAX'ntion  of  any  such  bodies.  Be  that  as  it  may, 
the  weight  olF  evidence  at  the  present  time  is  certainly  in  fiiAour  of  the  view 
that  under  ordinary  circumstances,  that  is  to  say,  under  such  conditions  as  we 
meet  with  in  99  out  of  lUO  surgical  cases,  no  putrefactiA'e  or  fermentative 
change  will  take  place  in  the  secretions  or  exudations  in  the  living  body  if 
the  dust  of  the  air  be  excluded  ;  or,  if  that  is  impossilde,  if  the  particles  of 
which  it  is  made  up  be  exposed  to  the  action  of  some  one  of  those  chemical 
agents  which  we  class  as  antiseptics. 

The  air  of  a  surgical  ward  or  sick  room  is  vitiated  by  the  patient,  firsth'  by 
the  normal  products  of  respiration  and  excretion  from  the  lungs  and  skin  ; 
and  secondly,  in  many  cases  by  the  emanations  from  wounds  or  sores.  The 
first  is  unavoidable,  the  second  is  to  a  great  extent  mider  the  control  of  the 
Surgeon. 
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An  uvcnigc  adult  man  gives  off  per  lioiir  about  'G  cubic  feet  of  carbonic 
acid  gas,  from  1  to  \h  ounces  of  water,  and  an  undetermined  quantity  of 
organic  matter.  This  organic  matter  is  partly  solid,  consisting  of  epithelium 
and  fatty  matter  from  the  skin  and  mouth,  and  partly  a  vapour  given  off  fi'om 
the  lungs,  the  nature  of  which  is  somewhat  uncertain.  It  is  extremely 
offensive,  and  is  so  imperfectly  diffusible  that  it  is  probably  in  great  part 
molecular ;  it  is  nitrogenous  and  oxidisable,  although  but  slowly.  It  is  readily 
absorbed  by  damp  walls  or  bedding,  the  most  hygro-scopic  substances  taking- 
it  up  most  readily.  It  is  this  suljstancc  that  gives  the  fusty  smell  to  an  ill- 
ventilated  room.  Experiments  ha-\'e  shown  that  it  is  highly  poisonous,  and 
this  explains  the  fact  that  air  fouled  by  respiration  is  much  more  deleterious 
than  that  vitiated  by  combustion  or  by  the  addition  of  pure  carbonic  acid 
gas.  Parkes  states  that  "allowing  the  fullest  effeot  to  all  other  agencies, 
there  is  no  doubt  that  breathing  the  A'itiated  atmosphere  of  respiration 
has  a  most  injurious  effect  on  the  health.  Persons  soon  become  pale,  and 
partially  lose  their  appetite,  and  after  a  time  decline  in  muscular  strength  and 
spirits.  The  aeration  and  nutrition  of  the  blood  seem  to  be  interfered  with, 
and  the  general  tone  of  the  system  falls  below  par."  Under  such  circum- 
stances convalescence  is  prolonged  ;  the  reparative  power  is  less,  and  wounds 
tend  to  slough  and  become  the  seat  of  unhealthy  inflammations,  and  the 
patient  is  more  readily  affected  by  any  local  or  general  infective  process  to 
the  poison  of  Avhich  he  may  be  exposed. 

The  special  contamination  of  a  surgical  ward  may  arise,  first,  from  the 
presence  in  the  atmosphere  of  the  gaseous  products  of  decomposition ; 
secondly,  from  a  great  abuiidance  of  the  organic  particles  which  act  as  the 
ferments  in  decomposition  ;  thirdly,  from  the  presence  of  di-ied  particles  of  tlie 
discharges  from  wounds  or  sores  ;  and,  lastly,  by  the  contagion  of  specific 
infective  processes,  whether  general  or  local. 

The  gaseous  products  of  decomposition,  consisting  of  sulphuretted  hydrogen, 
sulphide  of  ammonium,  free  ammonia,  carburetted  hydrogen,  carbonic  acid 
and  many  others,  undoubtedly  tend  to  aggravate  the  symptoms  produced  by  the 
accumulation  of  the  products  of  respiration  ;  but  it  is  impossible  to  separate 
the  effects  produced  by  the  former  fi-om  those  of  the  latter,  by  which  they 
must  almost  necessarily  be  complicated  in  a  hospital  ward.  Parkes  states  that 
the  putrefying  animal  matter  which  frequently  accumulates  about  camps 
during  war  forms  one  of  the  principal  causes  of  diarrhoea  and  dysentery  ;  but 
it  is  only  in  military  practice,  in  which  large  numbers  of  wounded  must 
occasionally  be  packed  closely  together  and  their  wounds  neglected  for  want 
of  sufficient  surgical  assistance,  that  putrid  discharges  could  accumulate  to 
such  an  extent  as  to  de^•elopc  these  diseases. 

Secondly,  the  air  of  a  ward  containing  many  foul  wounds  has  been  shown 
to  contain  a  great  excess  of  organic  matter,  but  it  is  impossible  to  separate  the 
effects  produced  by  it  from  those  of  foul  air  generally. 

Thirdly,  microscopic  examination  has  demonstrated  the  presence  of  dried 
pus  cells  in  the  air  of  surgical  wards  in  addition  to  the  epithelium  alwavs  met 
with  in  inhabited  rooms.  It  has  been  supposed  by  some  that  these  "mio-ht 
possibly  act  as  the  material  of  contagion  ;  that  they  may  be  the  bearers  of 
contagion  can  hardly  be  reasonably  doubted. 

Lastly,  the  air  of  surgical  wards  is  apt  to  be  contaminated  by  the  contao-ion 
of  specific  infective  i)rocesses,  such  as  hospital  gangrene,  erysipelas,  pyamiia, 
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&c.  Of  the  exact  nuture  of  the  coiitaginm  in  most  of  these  diseases  we  are 
still  ignorant.  This  mnch,  however,  is  tolerably  certain,  that  in  most,  if  not 
all,  of  them  the  poison  is  particulate  ;  it  is  not  gaseous,  and  in  most  cases 
its  activity  can  be  destroyed  by  those  chemical  substances  that  we  call 
antiseptics.  In  the  vast  majority  of  cases  it  occurs  in  conjunction  with 
putrefaction  of  the  discharges  from  the  wound  ;  and  those  modes  of  treatment 
which  are  best  calculated  to  prevent  decoinposition  also  serve  best  to  prevent  the 
occurrence  of  infective  inflammations.  The  observations  of  Bmxlon  Sanderson, 
Koch,  and  many  others,  have  shown  that  all  these  unhealthy  inflammations 
arc  accompanied  by  the  presence  of  microscopic  organisms  in  the  discharges, 
and  often  also  in  the  lymi^hatic  spaces  near  the  wound  :  and- these  observers 
are  of  opinion  that  the  micro-organisms  are  directly  or  indirectly  the  cause 
of  the  unhealthy  process,  and  that  infection  is  brought  about  by  the  actual 
transference  of  some  of  these  living  particles  from  one  patient  to  another, 
Koch  has  shown  unmistakeably  that  diseases  closely  resembling  gangrenous 
inflammation,  erysipelas,  septici^mia,  and  pyi^mia,  as  they  occur  in  the  human 
subject,  can  be  artificially  produced  in  animals,  that  each  disease  is  accom- 
panied by  the  presence  of  a  distinct  form  of  microscopic  fungus,  and  that  it 
can  be  transmitted  from  one  animal  to  another  l>y  means  of  infinitesimal 
quantities  of  the  blood  or  exudation  fluids  containing  the  characteristic 
organism.  That  the  organisms  or  their  germs  retain  their  vitality  after  being 
dried  has  been  clearly  proved  with  regard  to  the  somewhat  analogous  disease 
of  splenic  fever  in  cattle.  This  disease  is  due  to  a  rod-shaped  organism,  the 
bacillus  anthracis,  of  such  size  that  its  life-history  can  be  accurately 
studied.  It  has  been  found  that  under  certain  conditions  miinite  spores  are 
found  in  the  bacillus,  and  that  when  this  has  taken  place  blood  containing 
the  virus  may  l)e  dried  and  kept  in  that  state  for  years  without  losing  its 
virulence.  In  this  state  it  is  easily  conceivable  that  it  could  be  disseminated 
by  the  air.  It  is  well  known  that  the  virus  of  vaccinia,  small-pox,  and 
scarlet  fever  equally  resist  the  effects  of  drv'ing. 

Another  fact  of  equal  importance,  which  has  lately  been  discovered  by 
Pasteur  and  Toussaint,  is  that  the  virus  of  splenic  fever  and  that  of  a  peculiar 
form  of  septicajmia,  common  in  fowls,  known  as  chicken  cholera,  lose  con- 
siderably in  virulence  if  the  organisms  which  form  their  essential  part  are 
cultivated  in  a  medium  which  is  not  suited  to  their  gi-owth.  The  converse, 
although  not  so  definitely  proved,  is  probal)ly  true  also, — that  the  virus  increases 
in  intensity  if  cultivated  in  a  medium  suited  to  its  growth  and  dc^•elopment. 
Such  a  medium  for  the  growth  of  pathogenic  organisms  is  found  in  the  feeble 
tissues  and  imhealthy  sores  of  patients  weakened  by  breathing  the  impure 
atmosphere  of  an  o^^ercrowdcd  ward,  and  it  is  thus  that  under  these  circum- 
stances infective  processes  of  intense  virulence  may  be  developed.  Our  know- 
ledge of  the  exact  nature  of  the  poisons  of  erysipelas,  hosi)ital  gangrene,  and 
pyjemia,  is  still  very  imperfect  ;  but  this  much  is  certain,  that  they  are 
essentially  filth-diseases,  and  may,  if  the  term  is  allowable,  be  manufactured 
in  any  hospital  or  house,  however  clean  or  well  situated,  by  the  accumulation 
within  it  of  too  large  a  number  of  patients  suffering  from  wounds  the  dis- 
charges of  which  are  in  a  state  of  decomposition.  It  is  probable  tliat  the 
contagia  of  some  of  these  diseases  are  destroyed  by  oxidation  ;  but,  be  this  as 
it  may,  it  is  evident  that  a  want  of  free  ventilation  must  lead  to  a  concentra- 
tion of  such  poisons  as  are  disseminated  by  the  air,  and  at  the  same  time  the 
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patient's  Ixxly  will  Ijc  reiidurcd  more  susceptible  to  their  influence  as  its 
vitality  becomes  lowered. 

Tn  the  ijreventiou  of  the  effects  of  over-crowding  we  have  to  consider  first 
the  vitiation  of  the  air  by  the  jxitieut  by  the  natural  processes  of  respiration 
and  excretion  ;  and,  secondly,  fouling  of  the  atmosphere  by  the  emanations 
from  womids  aud  sores.  The  first  of  these  causes  of  impurity  is  uiuiA'oidable, 
and  it  is  only  by  pro^■idillg■  sufficient  air  for  each  patient  and  changing  it 
Avith  suificieut  fre(}uency  that  its  evil  eifects  can  be  prevented.  In  determining 
the  condition  of  the  air  of  a  room  or  ward  the  carbonic  acid  present  is  taken 
as  the  index  of  the  degree  of  unijurity,  as  it  is  easily  estimated  while  the 
determination  of  the  organic  matter  is  almcjst  impossible.  Parkes  and  De 
Chaumont  give  •(!  per  lOOU  ^"olumcs  of  total  carbonic  acid  in  the  air  as  the 
limit  of  im]>urity  allowable.  Of  this  about  "2  is  derived  from  respiration  and 
the  remainder  is  the  normal  quantity  present  in  the  atmosphere.  Jn  order  to 
maintain  the  air  at  this  standard  an  ordinary  man  recpiires  to  be  supplied 
with  3(>U0  cubic  feet  per  houi'.  This  is  the  minimum  quantity  of  air  that 
will  suffice  for  the  purpose,  and  it  W'Ould  evidently  be  unwise  to  trust  to  this. 
The  rule,  therefore,  laid  down  is  that  at  least  4t)00  cubic  feet  per  hour  must 
be  provided.  In  order  that  this  amount  of  air  may  he  obtained  without 
exposing  the  patient  to  draughts,  a  sufficient  cubic  space  must  be  allowed  for 
each  patient,  so  that  if  the  air  he  changed  from  three  to  fom-  times  per  hour 
the  requisite  amount  may  be  supplied.  Under  exceptional  circumstances  1000 
cubic  feet  per  head  might  thus,  with  good  ventilation,  be  made  sufficient ;  but 
no  Surgeon  would  be  content  with  this  if  he  could  obtain  more  ;  as  in  civil 
])ractice  he  always  can.  The  rule,  therefore,  laid  down  in  the  construction  of 
hospitals  is  that  each  patient  shall  be  allotted  from  1500  to  2000  cubic  feet  of 
space,  the  larger  space  being  required  for  infectious,  or  surgical  cases.  In 
order  to  maintain  a  proper  degree  of  separation  of  the  patients  each  must  be 
allotted  from  100  to  IGO  square  feet  of  floor.  The  effective  height  of  a  ward 
for  the  purposes  of  ventilation  does  not  exceed  12  feet.  Xot  only,  however,  is 
sjiace  required,  but  change  of  air,  by  proper  ventilation,  is  equally  needful. 
Military  experience  has  shown  conclusively  that  churches  form  the  very 
worst  possible  hosi)itals,  for  in  these  buildings,  although  the  cubic  space  per 
head  is  frequently  enormous,  but  little  provision  is  usually  made  for  efficient 
change  of  air. 

The  second  cause  of  vitiation  of  the  air  of  a  surgical  ward^ — the  emana- 
tions from  wounds  and  sores— is  more  or  less  completely  under  the  control  of 
the  Surgeon.  If  Wounds  do  not  necessarily  add  to  the  impurity  of  the  air  of  a 
ward,  it  is  the  decomposition  of  the  discharges  and  tlie  efflm-ia  so  develojied 
that  gi^•e  rise  to  the  evil  consequences  formerly  so  familiar  to  most  Surgeons. 
Experience  tends  to  show  that  if  decomposition  of  the  discharges  be  absolutely 
prevented,  a  case  Avith  a  wound  vitiates  the  air  of  a  ward  no  more  than  one 
Avithout ;  and  in  the  present  day,  Avhen  the  powers  and  properties  of  antiseptics 
arc  so  well  understood,  there  is  never  any  excuse  for  a  wound  becoming  a 
source  of  impurity  to  the  surrounding  air.  Should  decomposition  he  unavoid- 
able, as  it  still  is  in  many  cases,  it  is  easy  to  absorb  the  discharges  in  some 
antiseptic  dressing,  which  will  completely  disinfect  them  as  soon  as  they  leave 
the  patient's  body.  No  Surgeon  doubts  that  an  accumulation  of  putrid  wounds 
in  a  ward  gives  rise  to  unhealthy  processes,  such  as  pytemia,  septicemia, 
hospital  gangrene,  and  the  like.    If  such  diseases  do  arise,  most  arc  a<>i-eed 
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that  the  wiivd  must  be  thorouo-lily  disinfected  before  it  can  safely  be  used 
again.  Surely  it  is  more  rational  to  connnencc  the  disinfection  at  the  source 
of  mischief — that  is  to  say,  the  wound. 

A  sufficient  cubic  space,  free  ventilation,  and  clean  wounds,  arc  therefore  the 
essentials  of  a  healthy  hos])ital.  Attention  to  these  three  conditions,  especially 
the  last,  has  in  many  Continental  hospitals  reduced  the  death-rate  to  less  than  a 
quarter  of  what  it  was  in  former  times.  Care  must  be  taken  in  attcndin_i>-  to 
ventilation,  that  the  free  current  of  air  is  maintained  both  by  night  and  day. 
It  is  from  want  of  this  precaution  during  night  especially  that  much  mischief 
often  results.  The  importance  of  maintaining  efficient  ventilation  during 
night,  and  the  little  danger  to  be  apjirehended  from  the  admission  of  cold 
night  air,  have  been  so  forcibly  pointed  out  by  Miss  Nightingale  in  her  Noles 
on  Nursing,  and  are  now  so  universally  admitted,  that  I  need  not  do  more 
than  add  the  testimony  of  my  experience  to  the  truth  of  her  ol)servations.  In 
cold  weather,  also,  there  is  so  great  a  disposition  on  the  part  of  nurses  and 
patients  to  shut  u]i  wards  and  rooms,  that  the  air  becomes  close,  oppressive,  and 
contaminated  ;  andhence  it  is  that  erysipelas  and  similar  diseases  are  so  rife  during 
winter  and  early  spi'ing.  The  "  East  Wind  "  is  commonly  accused  of  being  the 
cause  of  these  ;  and  no  doubt  it  is  so,  but  only  indiregtly,  by  causing  windows 
and  doors  to  be  shut,  so  as  to  exclude  the  cold  that  usually  accompanies  that  wind, 
and  thus  rendering  the  atmosphere  impure.  It  is  impossible  to  over-estimate 
the  importance  of  a  free  sup])ly  of  pure  air  in  lessening  the  mortality  after 
operations,  not  only  in  hospitals,  but  equally  in  pn^-atc  dwellings.  The  fa(;t 
has  often  been  ol)served  in  military  practice,  and  the  recent  Franco-German  War 
brought  it  into  stronc:  relief — that  those  w^oundod  fare  best  who  are  treated  in 
o]ien  huts  or  tents,  whilst  those  who  are  placed  in  the  apparently  more  favour- 
able conditions  afforded  by  regular  houses  l)ecome  decimated  by  those  scourges 
of  military  surgical  practice,  i)ya3mia  and  hospital  gangrene.  It  is  the  differ- 
ence in  the  hygienic  arrangements  in  different  hospitals  that,  more  than  any 
other  condition,  influences  the  varying  rate  of  mortality  in  different  institutions  ; 
and  it  is  obAn'ous  that,  ccrtpris  paribus,  th.ose  patients  will  have  the  best  ])ro- 
spect  of  recovery  who  arc  most  scrupulously  attended  to  in  this  respect ;  that 
no  cases  of  operation  should  be  placed  in  ill-ventilated  wards,  or  in  those  that 
contain  more  than  a  certain  percentage  of  patients  suffering  from  wounds  or  sores, 
the  discharges  from  wdiich  are  unavoida])ly  foul ;  and  that  the  perfoi-mance  of 
operations  in.  close  and  ill-ventilated  rooms,  or  in  houses  situated  in  over- 
crowded neighbourhoods,  should,  as  far  as  ]iossil)]c,  be  avoided.  The  faulty 
hygienic  conditions  that  arc  still  too  frequently  met  with  in  hospitals,  are  alike 
a  cruelty  to  the  i">atient  and  an  injustice  to  the  Hurgeoji.  The  cruelty  to  the 
patient  consists  not  only  in  exposing  him  to  an  increased  chance  of  death — or, 
as  it  is  commonly  called,  "  to  a  higher  rate  of  mortality  "  from  septic  diseases 
that  are  preventable,  and  that  are  the  direct  outcome  of  the  defective  hygienic 
arrangements  of  the  institution — but  in  subjecting  him  to  a  prolonged  and 
imperfect  con^•alescence  ;  either  or  both  of  which  conditions  may  be  taken  as 
the  measure  of  the  neglect  of  sanitary  arrangements  in  a  hospital. 

But  Trant  of  attention  to  sanitary  hospital  arrangement  is  equally  an  injus- 
tice to  the  Surgeon.  His  reputation  suffers  by  an  increased  rate  of  mortality 
amongst  his  patients  from  causes  which,  though  preventable,  are  altogether 
beyond  the  sphere  of  his  control  ;  an  undue  burden  of  anxiety,  responsibility, 
and  of  care  is  thrown  upon  him  by  the  necessity  under  which  he  lies  of 
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wag'iiij?  a  constant  warfare  ayainst  septic  hospital  influences.  If  it  were  not 
for  erysipelas,  pya^niia,  septictemia,  and  "  blood-poisonino- "  in  its  protean 
forms,  the  duties  of -a  hospital  Suro-eon  would  be  comparatively  light. 

Attention  to  hospital  hygiene  is  by  no  means  of  so  modern  a  date  as  many 
appear  to  su[)pose.  The  Surgeons  of  tlie  last  century  paid  great  attention  to 
it,  and  their  success  was  proportionately  great.  Thus  Alanson's  success  in 
amputations  has  never  been  surpassed,  and  rarely,  if  ever,  equalled  even  by 
the  aid  of  antiseptics  and  of  every  modern  chemical  and  mechanical  appliance. 
Writing  in  1782  ("  Alanson  on  Amputation  and  the  After-treatment,"  London, 
1782),  he  says  (Preface,  p.  lo),  that  he  amputated  in  thirty-five  cases,  such  as 
promiscuously  occurred  in  the  Liverpool  Infirmary,  iJ2^Ji'^jt_^Jt^c  loss  of  a  sin(il<i 
]Kiiicnf.  The  symptomatic  fever  was  slight,  and  there  was  not  an  instance  of 
secondary  hemorrhage  in  the  anIioIc  series.  Alanson  was  a  sanitary  reformer 
in  his  day  ;  and  had  his  instructions  been  followed,  thousands  of  lives  would 
have  been  saved  which  have  since  his  time  been  wantonly  sacrificed  by  the 
neglect  of  hygienic  measures.  His  advice  is  so  practical  that  it  deserves  the 
jattentive  study  of  the  modern  Surgeon.  He  says  :  "  The  air  in  which  the 
case  is  to  be  conducted  is  a  point  worthy  of  your  greatest  attention  :  if  possible, 
the  room  should  be  s]iacious,  and  in  an  open  wholesome  situation.  It  is  well 
known  that  in  hospitals  which  arc  situated  in  populous  towns  and  are  much 
crowded,  the  salutary  influence  of  the  air  is  so  altered,  that  compound  fractures 
and  other  important  surgical  cases  pro\-e  peculiarly  fatal,  and  that  such  frac- 
tures may  almost  certainly  be  cured  in  the  country."  .  .  . 

"  The  ojicratiou  of  amputation  done  in  the  country,  as  above  described,  will 
be  followed  almost  certainly  with  a  speedy  cure  ;  there  the  consequent  symp- 
toms are  trifling,  nearly  the  whole  interiuil  surface  of  the  wound  unites  by  the 
first  intention,  the  suppuration  consequently  is  small."  .  .  . 

"  Many  hospitals  are  so  tainted  by  unwholesome  effluvia  that  they  are  rather 
a  ]^est  than  a  relief  to  tbe  objects  they  contain."    (Op.  cit.,  p.  89 — 92.) 

Then  follow  sixteen  distinct  paragraphs  or  heads  of  the  most  useful  sanitary 
ad\-ice,  which  "  arc  humbly  recommended  to  those  who  have  the  care  of  hospitals 
in  want  of  such  attention." 

This  code  of  regulations  deserves  careful  study.    In  it  Alanson  advises  : 

That  no  ward  should  be  inhabited  for  more  than  four  months  at  a  time  ; 
that  it  be  cleansed,  whitewashed,  and  purified.  Tbat  the  "  bed-stocks  "  be  of 
iron  :  the  bedding  frequently  changed,  and  made  of  inex[)en8ive  materials  so 
that  it  may  easily  be  renewed  ;  and  that  when  the  weather  admits,  it  be  exposed 
to  the  open  air  for  several  hours  a  day.  That  dirty  patients  be  stripped  of 
their  clothing  before  admission  :  that  they  have  a  Avarm  bath  and  then  be 
clothed  in  dresses  provided  by  the  hos])i'tal.  That  the  infected  clothes  be 
baked  in  a  properly  constructed  oven.  That  newly  admitted  patients  be  put 
into  clean,  well- ventilated  wards.  That  all  incurable  and  infectious  cases,  and 
especially  chronically  ulcerated  legs,  be  refused  admission.  That  offensive 
gangrenous  and  putrid  sores  be  ])laced  in  distinct  rooms,  and  not  suffered  to 
infect  a  whole  ward.  That  there  should  be  jiarticular  rooms  provided  for 
])atients  who  have  undergone  operations  ;  that  they  should  be  airy,  never  lon<>- 
inhabited,  and  afterwards  cleansed  and  ventilated.  That  a  hospital  sliould 
never  be  crowded  on  any  account,  and  always  so  large  that  a  ])art  may  be 
uninhabited.  Tbat  the  windows  be  opened  for  a  certain  numlx;r  of  hours 
daily.    And  lastly,  that  every  hospital  should  have  a  "  house  in  the  coimtry," 
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in  other  words,  a  "  convalescent  home,"  attached  to  it.  Modern  science  has 
enabled  us  to  determine  the  true  nature  of  those  conditions  that  lead  to  hospital 
infection,  but  sanitary  practice  has  not  as  yet  gone  in  advance  of  the  admirable 
precepts  laid  down  by  Alanson  a  century  ago. 

The  mortality  arising  from  inattention  to  these  various  hygienic  conditions, 
whether  want  of  cleanliness  in  the  wound  or  want  of  pure  air  in  the  ward,  is 
not  a  necessity  of  the  operation,  but  rises  and  falls  according  as  the  treatment 
of  the  wounds,  or  the  circumstances  in  which  the  patient  is  placed,  depart 
more  or  less  widely  from  those  conditions  that  are  necessary  to  the  maintainancc 
of  health.  The  fi'equency  of  the  occurrence  of  erysipelas  in  an  institution  may 
be  taken  as  an  indication  of  neglect  in  its  sanitary  arrangements.  Pyicmia 
and  septicemia  as  a  rule  indicate  in  addition  to  general  neglect,  a  Avant  of 
cleanliness  in  the  wounds,  and  reflect  to  a  certain  extent  upon  the  Surgeon  as 
well  as  the  institution.  These  diseases  are  preventable,  and  ought  to  be  pre- 
vented. Surely  the  first  and  most  essential  requisite  of  a  hospital  is  that  it 
be  not  a  source  of  disease  to  its  inmates — that  those  who  are  compelled  to  seek 
its  aid  shall  not  suffer  from  its  effects. 

The  exposure  of  a  patient  after  an  operation  to  the  contagious  emanations 
of  septic  diseases  from  other  sick  or  wounded  patients,  is  attended  by  the 
most  fatal  consequences.  Whenever  it  is  practicable,  every  case  of  septic 
disease,  such  as  pyajmia,  erysipelas,  inflamed  absorbents  or  veins,  or  hospital 
gangrene,  should  be  rigorously  excluded  from  the  ward  or  room  in  which 
other  patients  with  operation-wounds  happen  to  be  lying  ;  and,  if  possible,  the 
same  nurses,  dressers,  or  surgeons  should  not  be  allowed  to  go  from  the  infected 
to  the  healthy,  nor  should  the  same  appliances,  dressings,  or  sponges  be  used 
for  both. 

"When  this  is  not  possible,  the  danger  of  infection  may  be  greatly  diminished 
by  the  free  use  of  antiseptics  to  the  wounds  both  of  the  infected  and  the 
healthy. 

Great  care  also  should  be  taken  in  the  purification  of  the  bedding  that  has 
been  used  by  patients  suffering  from  septic  disease  ;  the  blankets  especially 
are  apt  to  harbour  infection  long,  and  must  be  thoroughly  purified.  E\^ery 
hospital  Surgeon  must  have  had  abundant  occasion  to  deplore  many  deaths 
after  operation,  arising  from  preventable  causes  due  to  want  of  attention  to 
these  simple  precautions. 

o.  The  Special  Conditions  directly  excited  by  the  Operation  itself, 
predisposed  to  by  the  circumstances  that  we  hav  e  just  been  considering,  and 
which  commonly  lead  to  a  fatal  result,  of  which  they  are  the  immediate  occasion, 
are  the  following  :— Shock,  Exhaustion,  Hfemorrhage,  Gangrene,  Tetanus, 
Pyaemia,  Septica3mia,  Erysipelas,  and  other  Diffuse  Inflannnatious.  These 
causes  of  death  are  so  various,  and  comprise  so  many  distinct  diseases, 
that  I  shall  do  little  more  here  than  mention  them  ;  referring  the  reader 
to  the  different  chapters  in  the  body  of  the  work,  in  which  each  is  specially 
treated. 

The  Slioclc  of  an  Operation  may  prove  fatal  in  various  ways  :  from  the 
severity  of  the  mutilation,  as  in  a  case  of  double  amputation  ;  fi-oni  the 
nervous  centres  being  implicated,  as  in  the  removal  from  the  fiice  of  large 
tumours  that  have  connections  with  the  base  of  the  skull  ;  from  fear,  or  fvom 
the  state  of  nervous  depression,  into  which  the  patient  has  previously  fallen, 
causing  him  to  feel  the  influence  of  an  operation  disproportionately  to  its 
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severity.  These  various  cflFects  of  shock  have,  however,  been  much  lessened 
since  unaistlietics  have  been  generally  administered  in  operative  surgery. 
Anaesthesia,  however,  does  not  remove  the  physical  impression  produced  on 
the  system  by  a  severe  mutilation  ;  hence  the  influence  of  a  serious  and 
prolonged  o])eration  is  still  manifested  in  the  production  of  shock,  of  collapse, 
and  of  slow  recovery,  even  though  the  ])atient  have  suffered  no  actual  pain. 
J  Certain  operations  appear  to  exercise  a  peculiar,  depressing  effect  on  the  nervous 
system,  even  though  no  pain  be  experienced.  -Thus,  in  castration,  at  the 
moment  of  the  division  of  the  spermatic  cord,  the  pulse  will  sink  markedh', 
even  though  the  patient  have  been  fully  anajsthetised.  So  much  is  this  the 
case,  that  it  is  well  at  that  moment  to  suspend  the  administration  of  the 
anaesthetic. 

Exhaustian,  without  any  tangible  local  or  constitutional  disease,  is  an  occa- 
sional cause  of  death  after  severe  operations  ;  more  particularly  in  delicate 
females,  in  feeble  or  debilitated  sul)jccts,  in  those  who  have  lost  much  l)lood, 
or  who  have  become  weakened  by  protracted  suppuration.  A  large  number 
of  the  deaths  formerly  recorded  as  due  to  exhaustion  were  doubtless  the  effect 
of  slow  poisoning  from  the  absorption  of  putrid  matter  from  unclean  and 
imperfectly  drained  wounds. 

Hceinorrhafie,  if  very  copious,  may  destroy  the  patient  by  inducing  syncope 
that  may  be  immediately  fatal  :  or  by  increasing  the  influence  of  the  shock  so 
that  he  cannot  rally  ;  or,  by  weakening  him  and  lowering  his  vitality,  it  may 
render  him  more  liable  to  be  affected  by  unhealthy  inflammations  and  septic 
processes,  which  frequently  terminate  fatally. 

During  the  performance  of  an  operation,  haemorrhage  should,  as  much  as 
possible,  be  prevented  ;  the  operation  itself  is  a  cause  of  depression,  and  any 
gi'eat  loss  of  blood  seriously  aggravates  this.  It  is  in  these  secondary  and 
indirect  effects  that  the  great  danger  of  excessive  hemorrhage  lies.  Blood  is 
a  very  complex  fluid  ;  if  once  lost  it  is  not  easily  replaced,  more  especially  in 
advanced  years.  At  any  period  of  life,  its  excessive  loss  may  ])ermanently 
impair  the  constitutional  powers.  Patients  who  have  lost  much  blood  make 
slow  recoveries,  often  interrupted  by  intercurrent  diseases  ;  and  not  unfrc- 
quently  die  at  the  end  of  two  or  three  weeks,  from  some  visceiul  complication. 
In  fact,  it  is  in  this  Avay,  rather  than  from  its  immediately  dangerous  con- 
sequences, that  the  loss  of  a  large  (piantity  of  blood  at  an  operation  proves 
injurions  to  the  patient.  When  hicmorrhage  occurs  a  few  hours,  or  a  dav 
or  two,  after  an  operation,  it  usually  proceeds  from  imperfect  ligature  of  the 
vessels,  or  ft'om  arteries  bleeding  after  the  setting-in  of  reaction,  which  had 
not  furnished  blood  whilst  the  patient  was  under  the  influence  of  the  shock  of 
operation.  On  recovery  from  anaesthesia  also,  it  not  unft-equently  happens 
that  arteries  begin  to  spout,  which  yielded  little  or  no  blood  whilst  the  patient 
•was  in  a  state  of  anaesthesia.  In  these  circumstances,  haemorrhage  is  of  far 
less  moment,  and  less  frequently  fatal,  than  when  it  occurs  at  a  later  period  in 
consequence  of  some  morbid  condition  of  the  wound,  and  frequently  in 
association  with  local  diffuse  inflammation  or  general  infective  processes 

Gangrene  is  not  a  common  cause  of  death  after  operations,  except  in  the 
phagedaenic  form  in  military  practice  in  time  of  war.  AVhen  it  occurs  in 
civil  hospital  practice,  it  is  the  result,  in  most  cases,  of  faulty  but  prevent- 
able hygienic  conditions  ;  and  its  frequency  in  any  institution  is  the  direct 
measure  of,  and  of  itself  a  conclusive  proof  of,  neglected  or  defective  sanitary 
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nrnmgcnicnts.  In  the  local  form  it  may,  however,  occur  without  l)eiiig  the 
result  of  want  of  hygienic  precautions,  from  purely  local  conditions,  as 
in  a  limb  from  excessive  traumatic  violence,  or  in  a  strangulated  hernia  in 
consequence  of  prolonged  strangnlation  of  the  gut  before  operation. 

Tefanus  but  rarely  occasions  death  after  operations  in  this  country.  When 
it  does  occur,  it  is  more  frequently  after  the  lesser  than  after  the  greater 
operations  that  it  developes  itself. 

Internal  Inffamniations  of  an  acute  and  acti\'e  character  may  carry  off  the 
patient  after  an  operation  in  two  ways.  Inflammation  of  this  kind  may  have 
existed  antecedently  to  the  operation,  being  the  disease  for  which  it  is  per- 
formed ;  and,  being  unchecked  by  the  operation,  may  continne  its  course  and 
destroy  life.  Thus,  when  a"  child  dies  after  tracheotomy  for  croup,  death  is 
not  in  general  occasioned  by  the  operation,  but  by  the  extension  into  the  lungs 
of  the  disease  for  which  it  has  been  performed.  Or  the  inflammation  may 
be  the  consequence  of  the  operation  ;  as  when  peritonitis  occurs  after  the 
oj-Kiration  for  strangulated  hernia, or  meningitis  after  the  skull  has  been  trephined. 
But  it  is  not  by  the  action  of  any  of  these  direct  results  that  an  operation 
usually  proves  fatal.  In  the  great  majority  of  instances,  death  is  occasioned 
in  a  more  indirect  manner  by  the  development  of  pya^mic  or  erysipelatous 
infiammations,  to  which  a  neglect  of  hygienic  laws  acts  as  a  powerful  pre- 
disposing cause. 

Srjjtic  disease,  in  one  or  other  of  its  forms,  was  certainly  the  most  frequent 
cause  of  death  after  operations,  more  particularly  in  large  towns.  Closely 
allied  to  pyaemia  and  septicfemia,  frequently  co-existing  with  them,  and  having 
the  same  predisposing  causes,  are  the  various  diffuse  inflammations,  whether 
assuming  the  form  of  eiysipelas,  of  phlebitis,  or  of  inflammation  of  the 
absorbents,  Avhich  are  the  dread  of  surgeons  and  the  scourge  of  hospitals. 
It  was  to  pyaemia,  and  to  these  various  allied  processes,  that  at  least  three-fourths 
of  the  deaths  after  operations  were  fonnerly  due.  This  proportion  has,  how- 
e\'er,  been  greatly  reduced  of  late  years  ])y  improved  methods  of  treating 
wounds,  and  greater  attention  to  the  sanitary  aiTangements  of  our  hospitals. 
It  is  in  the  production  of  these  diseases  that  an  impure  blood,  loaded  with 
effete  materials,  retained  through  habitual  disregard  of  the  ordinary  rules  of 
health  or  through  defective  elimination  by  the  kidneys  and  skin,  acts  as  a 
potent  predisposing  cause.  In  these  circumstances,  it  is  not  the  extent  of 
the  wound  that  determines  the  dangerous  results.  A  mere  breach  of  surface, 
h()we\  er  trivial,  is  sufficient  to  form  a  starting  ])oint  for  these  morbid  pro- 
cesses. In  such  conditions  of  the  system,  the  amputation  of  a  toe  may  be  as 
fatal  as  that  of  the  thigh,  or  the  removal  of  a  small  atheromatous  cyst  of 
the  scalp  as  the  ablation  of  the  breast  ;  the  only  additional  danger  essentially 
connected  Avitli  the  greater  operations  being  the  increased  risk  from  shock  and 
hiemorrhage. 

Diphtheritic  Inflammation  may  deveiopc  in  a  wound  with  or  without  con- 
comitant throat-affection.  It  may  be  developed  by  direct  contagion,  or  under 
the  influence  of  those  local  epidemics  or  constitutional  influences  that  cause- 
dii)htheria  to  appear  in  the  fauces.  When  a  wound  becomes  affected  in  this 
way,  the  edges  and  the  integument  for  some  h'ttle  distance  around  are 
swollen,  brawny,  and  of  a  deep  red  colour ;  the  surface  of  the  wound  is. 
covered  with  a  greyisli  white  exudation  which  cannot  be  cleaned  off;  and 
febrile  symptoms  of  a  low  type  develope  themselves. 
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PREPARATION    FOR  OPERATION. 

The  Surgeon,  being  convinced  of  the  necessity  of  liaA'ing  recourse  to  an 
operation,  should  fully  and  unreservedly  lay  before  his  patient  the  state  of  the 
case,  and,  if  necessary,  give  the  reasons  that  render  it  imperative,  in  order  to 
obtain  his  consent  and  that  of  his  family.    In  the  event  of  the  patient  refusing 
to  submit,  what  course  should  the  Surgeon  pursue  ?  In  this  he  must  be  guided 
partly  by  the  natm'e  of  the  proposed  operation  ;  and  partly  by  the  state  of  the 
patient,  and  his  capability  of  forming  a  correct  judgment  of  his  case.    If  the 
operation  be  one  of  expediency,  merely  for  the  relief  of  an  infirmity  or  the 
removal  of  an  ailment  which  does  not  directly  jeopardise  life,  most  certainly  no 
Surgeon  would  think  of  undertaking  it  without  the  full  consent  of  his  patient. 
If,  on  the  other  hand,  it  be  an  operation  that  is  imperatively  necessary  for  the 
preservation  of  life,  in  which  the  delay  of  a  few  minutes  or  hours  may  be 
fatal  to  the  patient,  as  in  one  of  the  four  cases  of  extreme  surgical  urgency, 
viz.,  dangerous  haemorrhage,  asphyxia,  over-distended  bladder,  or  strangulated 
hernia,  and  where  the  patient,  unaware  of,  or  incapable  of  being  made 
to  understand,  the  necessity  for  immediate  action,  is  unwilling  to  assent 
to  the  proposal,  the  Surgeon  will  trul}'  be  placed  in  a  dilemma  of  anxious 
responsibility — between  allowing  the  patient  to  fell  a  sacrifice  to  his  obstinacy, 
ignorance,  or  timidity,  and  attempting,  perhaps  unsuccessfully,  to  rescue  him 
without  his  own  consent  from  inevitable  death.  I  believe  the  proper  course  for 
the  Surgeon  to  pursue  under  such  circumstalices,  is  to  judge  for  the  patient  in 
a  matter  on  which  he  is  clearly  unable  to  form  an  opinion,  and  to  compel  him, 
so  far  as  is  legal  and  practicable,  to  submit  to  the  necessary  steps  for  the 
preservation  of  his  life,  or  to  put  him  under  antesthetics,  and,  when  he  is 
unconscious,  to  perform  any  operation  that  may  be  necessary.    In  the  event  of 
the  patient  being  insensible,  as  after  an  injury  of  the  head,  the  Surgeon  must 
necessarily  take  upon  himself  to  act  as  the  case  requires.    €hildi-en  cannot  be 
considered  capable  of  giving  an  opinion  as  to  the  propriety  of  an  operation  ; 
the  consent  of  the  parents  is  here  necessary,  and  quite  sufficient ;  and,  in  their 
absence,  the  case  being  an  urgent  one,  the  Surgeon  must  stand  in  loco  parentis, 
and  take  all  responsibility  upon  himself. 

These  points  having  been  determined,  the  patient  should,  if  possible,  l->e 
Prepared  for  ihe  Operation.    In  a  great  number  of  cases  requiring  operation, 
as  strangulated  hernia,  bad  compound  fracture,  &c.,  no  time  is  allowed  for 
preparation,  but  the  Sm-geon  must  at  once  submit  the  patient  to  the  knife, 
whatever  the  state  of  his  constitution  may  be.    But  in  the  more  chronic  cases, 
time  is  given  for  improving  the  constitution.    This  preparation  must  not 
consist  in  any  routine  system  of  purging  and  starving,  which  is  ill  calculated 
to  support  the  constitution  against  the  call  that  will  be  made  upon  its  powers  ; 
nor,  on  the  other  hand,  in  blindly  adopting  a  tonic  or  stimulating  regimen  ; 
but  in  adapting  our  means  to  the  condition  of  the  patient  and  the  naWe  of 
the  operation  to  be  performed.    The  tendency  to  erysipelas,  pyaemia,  and 
diffuse  inflammations  generally,  is  materially  lessened  by  supportino-  the 
patient's  strength,  by  means  of  a  nutritious  diet,  previously  to  the  performance 
of  the  operation.    Indeed,  in  many  of  the  more  severe  injuries  and  suro-ical 
diseases,  it  is  only  by  the  use  of  a  nutritious  diet,  and  by  the  administration 
of  tonics,  quinine,  or,  iron,  and  stimulants,  often  in  large  quantities,  that  the 
patient  can  be  brought  into  a  condition  to  bciir  the  shock  and  consequent  de- 
pression of  the  operation.    This  is  more  particularly  the  case  with  hospital 
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patients  of  bad  constitution,  who  have  met  with  serious  accidents,  followed  by 
much  suppuration  and  fever.  In  tlie  more  chronic  cases,  the  time  should  be 
seized  for  the  operation  when  the  temperature  of  the  body  is  not  too  high,  when 
the  secretions  are  free,  the  tongue  clean,  and  the  action  of  the  skin  and  kidneys 
healthy  ;  and,  above  all,  the  mind  should  be  kept  tranquil  and  hopeful, 
being  allowed  to  dwell  as  little  as  possible  upon  the  impending  event.  In' 
many  operations,  as  those  on  the  rectum  and  urinary  organs,  or  in  those  of 
a  plastic  character,  special  modes  of  preparation  are  required,  which  \\\\\  be 
discussed  when  we  come  to  treat  of  the  operations  in  detail 

The  Suro  'eon  himself  must  always  feel  the  heaA  y  responsibility  that  hand's 
over  him  during  the  performance  of  a  great  operation — "  at  that  raomeufc 
wlk;n,"  as  Dr.  (h-ant  has  elegantly  said,  "Death  everywhere  surrounds  his 
knife  as  he  is  endeavouring  to  convey  all  his  knowledge  to  its  point."  But 
ha\-ing  carefully  considered  each  successive  step  of  the  operation,  provided  for 
<;very  emergency  that  can  by  any  possibility  arise  in  the  course  of  it,  and 
trusting  in  Him,  from  whom  all  knowledge  is  derived,  to  strengthen  his  judg- 
ment and  guide  his  hand  aright,  he  will  proceed  to  the  performance  of  his 
duty  with  self-reliance,  and  in  the  full  confidence  of  being  able  to  effect  all  that 
Art  can  accomplish. 

EMPLOYMENT  OF  ANESTHETICS. 

It  is  reasonable  to  believe  that  *  the  preventioii  of  pain  in  surgical  opera- 
tions has  been  an  object  of  solicitude  to  Surgeons,  as  well  as  to  patients, 
from  the  earliest  ages  :  and  narcotics  of  various  kinds  ha\'e  at  different 
times  been  employed  with  this  ^iew.    But  the  effect  of  these   was  so 
uncertain — their  aftei"-conse(iuences   perhaps   so   injurious — that    no  per- 
manent reliance  was  placed  upon  them.    The  first  endeavour  to  induce 
anaesthesia  by  the  inhalation  of  vapours  is  stated  to  have  been  made  in  the 
thirteenth  century  by  Theodoric,  who  recommended  that  a  "H])ongia  Somnifera," 
impregnated  with  spirituous  extracts  of  various  narcotic  substances,  should  be 
held  to  the  nostrils  till  sleep  was  induced  ;  and  that  after  the  operation  the 
patient  should  be  roused  by  the  use  of  vinegar  or  fenugreek.    It  was  not, 
however,  till  the  commencement  of  this  century  that  any  serious  attempts 
were  made  in  this  direction.    The  discovery  of  the  remarkable  properties 
exercised  on  the  nervous  system  by  the  inhalation  of  nitrous  oxide,  then  led 
8ir  Humphry  Davy  and  others  to  entertain  hopes  that  it  might  be  used  as  a 
means  of  relieving  pain  during  surgical  operations.    Experiments  were  made 
with  the  gas  with  this  \-iew,  buD  they  did  not  prove  altogether  satisfactory, 
and  its  administration  was  abandoned,  except  as  a  means  of  amusement. 

It  is  needless  to  do  more  than  allude  to  such  means  as  the  compression  of 
the  nerves  of  the  limb,  as  recommended  by  Moore — the  employment  of  exces- 
sive venesection,  as  adopted  by  Wardrop — or  the  production  of  insensibility  by 
mesmerism  by  Esdaile  and  others.  These  means  of  inducing  aniesthesia  were 
either  inefficient,  dangerous,  or  chimerical. 

It  was  not  until  1844  that  a  serious  attempt  was  again  made  to  introduce 
insensil)ility  by  inhalation  during  operations  :  and  to  the  Americans  is  un- 
:loubted]y  due  the  honour  of  luu-ing  cstal)lished  the  practice  of  Anaesthesia 
n  Surgery.  In  that  year  Horace  Wells,  a  dentist  of  Hartford,  Connecticut, 
nhaled  the  nitrous  oxide  gas  with  a  view  of  rendering  himself  insensible 
luring  the  extraction  of  a  tooth  ;  and,  finding  the  experiment  succeed,  rc- 
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peated  it  on  several  of  liis  patients.  Its  success  was  not,  however,  constant  ; 
and  havinj^-  failed  in  several  cases,  he  seems  to  have  j>-iven  up  the  attempt.  In 
1X40  Dr.  ]\[orton,  a  dentist,  and  a  pupil  of  Wells,  used  the  vapour  of  ether 
instead  of  the  nitrous  oxide  gas  ;  and,  having  succeeded  in  extracting  several 
teeth  painlessly,  applied  to  the  authorities  of  the  Massachusetts  General 
Hospital  at  Boston  for  permission  to  administer  it  to  a  man  from  whom  Dr. 
J.  C.  Warren  was  about  to  remove  a  tumour  of  the  neck.  The  result  was 
most  successful.  The  news  of  this  great  discovery  was  immediately  seiit  to 
England,  where  the  first  operations  on  patients  ana3sthetised  by  the  inhalation 
of  ether,  were  performed  at  the  University  College  Hospital  by  Listen,  who 
amputated  a  thigh  and  tore  out  an  ingrowing  toe-nail  without  any  sufiPering 
to  the  patient.  At  these  operations  I  Avas  jsresent  ;  they  were  performed  on 
Dec.  22,  184G  ;  and  fi'om  that  time  the  use  of  anaesthetics  has  been  established 
in  surgical  practice  in  eveiy  civiHsed  country. 

For  more  than  a  year,  sulphuric  ether  was  the  only  agent  habitually  used 
for  inducing  anaesthesia.  But  during  the  whole  of  this  period  many  profes- 
sional men  were  busy  with  experiments  on  the  ansesthetic  influence  of  various 
kinds  of  vapoura  ;  and  in  November,  1847,  Professor  Simj^son,  of  Edinburgh, 
])ublished  an  account  of  the  anaesthetic  properties  of  chloroform.  In  this 
country  this  agent  soon  came  to  be  generally  employed,  although  ether  held 
its  ground  with  the  American  surgeons,  by  most  of  whom  it  has  always  been 
preferred  to  chloi'oform. 

The  employment  of  Anfcsfhefics  in  Surgery  is  undoubtedly  one  of  the 
greatest  boons  ever  conferred  upon  mankind.  To  the  patient  it  is  invaluable 
in  preventing  the  occuiTcnce  of  pain,  and  to  the  Surgeon  in  relieving  him 
from  the  distress  of  inflicting  it.  Anaesthesia  is  not,  however,  an  unmixed 
good.  Every  agent  by  which  it  can  be  induced  produces  a  powerful  impres- 
sion on  the  system,  and  may  occasion  dangerous  consequences  wheii  too  freely 
or  carelessly  gi^-en  ;  and,  e\  en  with  every  possible  care,  it  appears  certain  that 
the  inhalation  of  any  anesthetic  agent  is  in  some  cases  almost  inevitably 
fatal.  We  cannot  purchase  immunity  from  suff"ering  AAithout  incurring  a 
certain  degree  of  risk  from  the  very  agent  which  gives  us  ease.  There 
can  be  little  doubt  that  many  of  the  deaths  that  have  followed  tlie  in- 
halation of  Anesthetics  have  resulted  from  want  of  knowledge  or  of  due 
care  on  the  part  of  the  administrators ;  yet,  whatever  precautions  be  taken, 
there  is  reason  to  fear  that  a  fatal  result  nmst  occasionally  happen.  This 
immediate  risk,  which  is  very  small,  is  more  than  counterbalanced  by 
the  immunity  Irom  other  dangers  which  used  formerly  to  occur  during 
operations. 

There  is,  however,  another  question  in  relation  to  Anesthetics  which 
deserves  the  most  serious  consideration  on  the  part  of  the  Surgeon  ;  viz.,  Do 
they  influence  the  rate  of  mortality  after  operations  ?    On  tliis  point  there 
is  conflicting  testimony.    Simpson  has  published  statistics  to  show  that  the 
mortality  after  operations  has  lessened  since  the  introduction  of  chloroform. 
J.  Arnott,  on  the  other  hand,  adduces  figures  to  prove  that  it  has  materiallv 
increased,  in  amputation  by  12,  in  lithotomy  l)y  as  much  as  28  per  cent.    I  am 
inclined  to  believe  that  the  rate  of  mortality  has  increased  since  the  use  of 
Anesthetics  in  operative  surgery.    But  is  this  increase  altogether,  or  indeed 
to  any  degree,  due  to  any  efiect  produced  on  the  system  bv' the  inhalation  of 
Anesthetics  ?    Is  it  not  in  reality  rather  tlie  indirect  tliaii  the  direct  result 
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of  the  employment  of  Anjesthetics  ?  May  it  not,  in  some  measure  at  least,  be 
owing  to  operations  being  often  performed  in  very  doubtful  or  extreme  cases, 
now  that  they  can  be  done  painlessly,  when  fonnerly  the  suifering  inflicted 
would  have  deterred  the  Surgeon  fi-om  proposing,  or  the  patient  from  acceding 
to,  their  performance  ?  A  surgical  ojx'ration  was  formerly,  from  the  pain 
attending  it,  looked  upon  as  a  more  serious  aflfiiir  thau  it  is  at  the  present  day, 
und  surgeons  were  not  willing  to  inflict  suifering  unless  there  were  a  good 
prospect  of  a  successful  issue.  Now,  however,  that  the  most  serious  operations 
can  be  performed  without  any  consciousness  of  suffering,  the  Surgeon,  in  his 
anxiety  to  give  his  patient  a  chance  of  life,  may  not  unfrequently  operate  for 
disease  or  injury  that  would  otherwise  necessarily  and  speedily  l»e  fatal,  and 
which  formerly  would  have  been  left  without  an  attempt  at  relief  But  there 
is  another  cause  that  may  account  for  this  increased  rate  of  mortality.  During 
the  first  thirty  years  after  the  introduction  of  Anaesthetics,  the  actual  number 
of  operations  performed  in  hospitals  enormously  increased,  probal)ly  in  a  great 
measure  owing  to  their  employment.  Hence  hospital  wards  became  more 
crowded  than  formerly  with  severe  operation-cases,  and  the  causes  of  septic 
diseases  became  much  more  rife,  those  diseases  more  frequent,  and  the 
mortality  proportionately  augmented.  At  the  present  time,  owing  to  im- 
proved treatment  of  wounds,  and  better  sanitary  arrangements,  the  mortality 
after  operations  is  lower  than  it  has  ever  been  before. 

Makiug,  however,  all  allo\vauce  for  the  extension  of  operative  Surgery  to 
extreme  cases  that  were  formerly  not'  thought  to  come  within  its  range,  I 
cannot  but  think  that  chloroform  <loes  exercise  a  noxious  influence  on  the 
constitution,  and  does  lessen  the  prospect  of  recovery  in  certain  states  of  the 
system,  more  especially  when  the  blood  is  in  an  unhealthy  state.  In  such 
circumstances,  the  depressing  influence  of  chloroform  appears  to  me  to  act 
injuriously  ;  the  patient  does  not  rally  well  after  the  operation,  and  unmunity 
from  suffering  is  purchased  by  a  lessened  chance  of  recovery. 

Anaesthesia  by  the  Administration  of  Chloroform  is  best  commenced 
before  the  patient  leaves  his  bed.  The  chloroform  should  never  be  given  but 
by  a  person  accustomed  to  its  use,  and  on  whose  capability  the  Surgeon  has 
full  reliance  ;  as  nothing  is  more  embarrassing  during  an  operation,  than  to 
have  any  doubt  about  the  chloroform  being  properly  administered.  It  must 
not,  however,  be  imagined  that  it  can  be  safely  given  only  by  a  specialist. 
Every  student  before  leaving  the  hospital  may  easily  make  himself  sufficiently 
acquainted  with  the  details  of  its  administration  to  cuiible  him  to  give  it  with 
perfect  safety,  provided  he  pays  undi\'ided  attention  to  what  he  is  doing  and 
does  not  allow  his  mind  to  be  diverted  by  watching  the  operation  or  by  attempt- 
ing to  act  both  as  antesthetist  and  assistant.  Before  admin istering  any 
antBsthetic,  the  patient  should  be  asked  if  he  wears  false  teeth,  and  if  so,  tlie\- 
should  1)6  removed.  Any  article  of  clothing  about  the  neck,  chest,  or  waist, 
that  might  cause  interference  with  respiration  or  circulation  must  be  relaxed, 
and  the  patient  then  placed,  if  possible,  in  the  recumbent  position.  Chloro- 
form may  be  administered  in  many  different  ways,  either  on  lint  or  on  a  hand- 
kerchief," or  through  an  inhaler  of  some  kind.  The  following  is  the  way  in 
which  chloroform  may  most  safely  be  given  on  lint  or  a  handkerchief,  without 
apparatus  of  any  kind.  On  a  piece  of  folded  lint,  about  three  inches  square, 
and  consisting  of  three  doubles,  about  a  drachm  of  chlorofonn  is  poured  ;  and 
the  lint  is  then  held  at  a  distance  of  about  three  inches  from  the  nose  of  the 
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patient,  so  as  to  permit  a  very  free  admixture  of  air  with  the  first  few  inhala- 
tions of  the  vapour.  After  the  lapse  of  about  half  a  minute,  the  lint  is 
brought  nearer  to  the  patient's  nose,  to  within  a  distance  of  perhaps  an  inch, 
being  never  allowed  to  touch — for,  apart  from  any  other  danger,  it  may 
blister  the  skin  ;  at  the  same  time  a  porous  towel,  not  doubled,  is  lightly  laid 
over  the  face  of  the  patient  and  the  hand  of  the  operator,  so  as  to  limit  the 
escape  of  the  chloroform-vapour,  but  not  to  prevent  the  admission  of  air. 
During  the  whole  time,  it  is  the  duty  of  the  administrator  to  keep  his  hand 
on  the  pulse,  to  watch  the  breathing,  and  occasionally  to  examine  the  pupils  of 
the  patient. 

The  method  just  described  has  been  shown  by  experience  to  be  one  of  the 
most  practically  usefid  modes  of  administration,  and  to  be  quite  as  safe  as  any 
other.  A  committee  of  the  Medical  and  Chirurgical  Society  of  London,  which 
reported  on  the  administration  of  chloroform  in  18(;4,  determined  that  i\  per 
cent,  is  the  maximum  amount  of  the  vapour  which  can  safely  be  mixed  with 
the  air  the  patient  inhales.  Lister  has  shown  by  experiment  that  the  propor- 
tion given  off  fi-om  a  folded  piece  of  lint,  used  as  above  described,  is  far  below 
this,  and  there  is  therefore  no  necessity  for  the  use  of  the  complicated  and 
ingenious  inhalers  which  have  sometimes  been  recommended.  Mr.  Clover,  to 
whom  we  are  indebted  for  the  most  accurate  and  scientific  of  these  instru- 
ments, used  it  himself  many  thousands  of  times  without  an  accident  of  any  kind ; 
but  it  is  highly  prol)able  that  so  careful  and  skilful  an  administrator  would 
have  obtained  equally  good  results  had  he  used  merely  a  piece  of  lint  as  above 
descrilied.  Whate^-er  leads  the  administrator  to  rely  upon  anything  but 
careful  and  continuous  observation  of  the  symptoms  of  the  patient  is  an  evil 
in  the  administration  of  chlorofoi'ui,  and  all  inhalers  have  a  tendency  to  do 
this.  The  only  merit  that  can  be  claimed  for  any  form  of  inhaler  is  that  the 
mixture  of  chloroform  and  air  given  is  of  constant  strength,  whereas,  when 
administered  on  lint,  the  vapour  given  off  is  most  powerful  immediately  after 
the  lint  has  been  Avetted  with  the  anaesthetic,  and  gradually  diminishes  in 
strength  as  the  administration  continues.  This  may  be  obviated  by  the  fol- 
lowing plan,  which  is  now  recommended  by  Lister  in  the  place  of  that  he 
formerly  advocated.  Put  one  corner  of  a  stiffish  towel  over  the  face  in  such 
a  way  that  the  point  is  over  the  chin  ;  opposite  the  forehead  gather  up  the 
towel  in  three  or  four  puckers,  and,  if  necessary,  pass  a  pin  through  them  ; 
there  is  thus  produced  a  concave  mask,  which  covers  tolerably  accurately  the 
mouth  and  nose.  By  allowing  a  drop  or  two  of  chloroform  to  fall  upon  it 
from  a  drop-bottle  every  few  seconds,  the  central  part  is  kept  constantly  wet 
over  an  area  about  two  inches  in  diameter.  By  this  means  a  dose  of 
practically  constant  strength  can  be  easily  administered. 

The  principal  points  to  be  attended  to  during  the  inhalation  of  this  potent 
agent  are,  that  it  be  not  given  too  suddenly,  nor  in  too  concentrated  a  form; 
and  that,  whilst  under  its  influence,  the  patient  be  not  raised  into  the 
erect  or  sitting  position.  If  lint  be  used,  it  may  be  too  much  saturated,  and 
be  held  too  closely  apphed  to  the  mouth  and  nostrils,  so  that  the  patient 
may  not  be  able  to  get  sufficient  air,  and  may  speedily  become  partially 
asphyxiated,  choking  violently,  struggling  to  get  fi'ee,  and  becoming  purple 
in  the  face.  Care  should  be  taken  not  to  compress  the  abdomen  iu 
holding  the  patient  ;  for,  as  the  respiration  becomes  chiefly  or  wholly  dia- 
phragmatic, it  may  be  seriously  interrupted  by  any  pressure  on  the  abdominal 


ADMIXISTE.  [  TIO  X  OF  CHLOROFORM. 


23 


wall.  Whilst  under  the  influence  of  chloroform  the  patient  should  never  be 
raised  up,  as  has  just  l)een  stated  ;  for,  as  this  agent  exercises  a  powerful 
sedative  action  on  the  heart,  sudden  and  perhaps  fatal  syncope  may  ensue 
from  puttiuo-  the  patient  into  the  erect  position.  Hence,  also,  it  is  dangerous 
to  administer  it  in  those  operations  that  require  to  be  performed  whilst  the 
patient  is  erect.  It  should  never  be  administered,  except  in  cases  of  great 
emergency,  to  a  patient  who  has  eaten  anything  within  three  or  four  hours, 
lest  it  induce  vomiting  of  the  partially  digested  meaL  On  the  other  hand, 
the  patient  should  not  be  exhausted  for  want  of  food,  as  may  happen  if  the 
operation  be  performed  early  in  the  morning.  Thus,  if  ;)-oU  be  the  hour  fixed, 
he  should  have  a  cup  of  strong  beef-tea,  oi-  a  raw  egg  beaten  up  in  tea,  or 
some  such  light  and  easily  digested  nourishment  at  G'80  o'clock.  With  duo 
caution,  it  nuiy  be  given  with  perfect  safety  to  individuals  of  all  ages.  I  have 
operated  on  infants  less  than  a  week  old,  as  well  as  on  octogenarians,  under  its 
influence.  In.  administering  it  to  young  children,  kSuow  recommended  its 
dilution  with  rectified  spirit,  but  this  is  unnecessary. 

The  eflfects  of  the  administration  vary  considerably  Avith  different  patients. 
Occasionally  the  patient  becomes  unconscious  as  quietly  as  in  the  natural 
process  of  going  to  sleep.    More  commonly  the  first  sensation  produced  is  a 
feeling  of  warmth  at  the  pit  of  the  stomach.    This  is  followed  by  some  choking 
sensation  and  violent  beating  of  the  heart,  with  noises  in  the  head.    At  this 
period  the  patient  begins  to  lose  self  control.    He  talks  excitedly,  but  not 
absolutely  incoherently,  and  the  struggling  which  fi'equently  takes  i)lace 
assumes  the  form  of  efforts  to  remove  the  chloroform  from  his  face,  or  to 
escape  from  the  hands  of  the  Surgeon  and  his  assistants.    At  this  time  the 
pulse  is  quicker  and  more  forcible  than  natural,  the  respiration  is  hurried  and 
deep,  the  pupil  acts  readily  to  light,  the  face  becomes  flushed,  and  if  the 
struggling  is  violent,  it  may  become  pui-ple  and  turgid.    The  patient  fre- 
quently remembers  the  struggle  with  the  administrator  during  this  stage,  and 
the  Surgeon  and  his  assistant  should  aA'oid  any  unguarded  expression  which 
might  leave  on  the  patient's  mind  an  idea  that  he  was  roughly  used.  This 
period  of  excitement  is  quickly  followed  by  loss  of  consciousness.    The  strug- 
gling may  still  continue,  but  the  movements  are  purposeless,  and  such  words  as 
he  utters  are  disconnected  and  incoherent.    At  this  stage,  a  violent  tonic 
contraction  of  every  muscle  in  the  body  may  take  place ;  resi)iration  is  arrested, 
and  tlie  face  becouK'S  dusky.    It  is  wiser  not  to  force  the  chloroform  when 
this  condition  is  present.    If  the  lint  be  removed  from  the  face  for  'a  few 
seconds  the  spasm  ceases,  and  a  few  good  deep  respirations  remove  the  lividity 
of  the  fiice,  when  the  administration  may  be  recommenced  without  danger. 
More  commonly  the  stage  of  excitement  is  followed  directly  by  that  of  com- 
plete insensibility,  a  few  deep,  hurried  respirations  separating  the  two.  The 
face  now  becomes  pale  but  not  livid,  the  respiration  is  regular,  slow,  and 
shallow,  the  pulse  falls  in  frequency  and  force,  all  the  voluntary  muscles  be- 
come flaccid,  and  reflex  movements  can  no  longer  be  induced  by  pinching  the 
skin  or  touching  the  conjuuctiva.    The  pupil  is  at  first  contracted,  but  after- 
wards becomes  widely  dilated  and  insensible  to  light;  and  this  is  a  sign  that  the 
administration  has  been  pushed  to  the  furthest  limits  consistent  with  safety, 
and  must  be  suspended  till  the  pupil  again  responds  to  light.  Imme- 
diately before  this  stage  is  reached  the  patient  may  snore  loudly ;  but  in 
deep  anesthesia,  the  respiration,  being  slow,  shallow,  and  chiefly  diaphrag- 
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matic,  is  usually  not  sufficiently  violent  to  produce  any  sound.  What  may  bo 
called  the  healthy  snoring  of  deep  ana:;sthesia  must  be  distino-uished  from^the 
loud  inspiratory  stertor  indicative  of  spasmodic  closure  of  the  glottis.  The 
latter  is  a  sign  of  danger  ajid  necessitates  the  immediate  removal  of  the 
chloroform  until  tlic  spasm  has  passed  off  and  has  been  followed  by  three  or 
four  healthy  rcs]urations.  When  fully  ana3Sthetised,  the  patient  is  at  the 
verge  of  death,  and  requires  the  most  careful  watching  by  the  person  who 
administers  the  chloroform  ;  his  fingers  should  be  kept  constantly  on  the 
temporal  artery,  as  tlie  most  convenient  point  for  feeHng  the  pulse,  and  his 
eyes  should  not  be  taken  away  from  the  countenance  of  the  patient.  He  must 
watch,  on  the  one  hand,  for  lividity  indicative  of  impending  asph\-xia,  and  on 
the  other,  for  pallor  showing  feebleness  of  the  heart's  action.  Tlie  breathing 
must  be  carefully  observed,  and  the  administrator  must  not  be  content  with 
seeing  that  the  movements  of  respiration  continue,  but  must  feel  with  liis 
hand  that  air  is  actually  passing  in  and  out,  as  in  spasmodic  closure  of  the 
glottis  the  respiratory  movements  continue  regularly  for  some  time  after  air 
has  ceased  to  enter.  Many  accidents  doubtless  arise  from  the  patient  being 
thus  allowed  to  become  partially  asphyxiated,  and  the  heart's  action  greatly 
enfeebled  ;  and  when,  as  usually  happens,  the  spasm  passes  off  and  is  followed 
by  a  deep  inspiration,  instead  of  pure  air,  which  is  so  gTeatly  needed,  a 
concentrated  dose  of  chloroform  vapour  is  supplied,  which  suddenly  checks 
the  action  of  the  weakened  heart. 

If  the  inhalation  of  chloroform  have  been  suspended,  great  care  sliould  be 
taken  when  its  administration  is  reconnnenced,  lest  the  already  enfeebled  heart 
be  entirely  overpowered  by  the  influence  of  a  volmiie  of  ^"apour  suddenly 
given  in  a  concentrated  form. 

It  should  be  borne  in  mind  that  it  is  not  necessary  in  all  operations  tt> 
administer  chloroform  to  the  same  extent.  In  all  the  greater  operations,  as 
amputations,  lithotomy,  and  the  ligature  of  arteries,  enough  should  be  given 
to  completely  ]mralyse  muscular  movement,  as  Avell  as  to  suspend  sensibility 
and  consciousness.  In  operations  for  hernia,  also,  and  all  other  proceedings 
implicating  the  abdominal  walls,  if  complete  muscular  relaxation  be  not 
induced,  great  inconvenience  and  jiot  a  little  danger  may  result.  So,  also,  in 
very  painful  operations  about  the  anus  and  genital  organs,  a  full  dose  of 
chloroform  should  be  gi>'en.  But  for  the  removal  of  many  tumours  about  the 
trunk,  or  in  many  of  the  minor  operations  on  the  extremities  and  about 
the  head  and  face,  muscular  I'claxation  is  not  so  necessary  ;  and  it  will  l)e  suffi- 
cient to  give  enough  chloroform  merely  to  suspend  sensibility  and  consciousness 
to  pain. 

Death  from  Chloroform  may  occur  in  three  different  Avays ;  viz..  by 
Coma,  by  Asjihi/ria,  or  by  Si/ncope ;  through  the  brain,  the  lungs,  or  the 
heart. 

When  death  occurs  by  Coma,  the  ]iatient  is  heard  suddenly  to  breathe  ster- 
torously ;  he  becomes  livid  in  the  face,  and  is  convulsed  ;  the  heart  beats 
until  the  last  moment  of  life,  and  death  appears  to  result  primarily  from  the 
circulation  of  dark  blood  through  the  nervous  centres.  This  form  of  death 
occurs  chiefly  in  individuals  who  are  epileptics,  or  who  are  suffering  from 
advanced  kidney  disease. 

Death  by  Aspluj.na  may  be  produced  in  three  ways.  1.  It  may  be  the  fiiult 
of  the  administrator,  sufficient  air  not  being  admitted  with  the  chlorofoi-m- 
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vapour  to  maintain  the  respiratory  function.  This  is  especially  apt  to  happen 
Avhen  a  patient,  beiuj;-  scnii -narcotised,  has  a  piece  of  lint  saturated  with 
chloroform  suddenly  applied  to  the  mouth  and  nose,  the  heat  of  the  operator's 
hand  and  of  the  patient's  body  rapidly  producing  a  large  volume  of  vapour.  2. 
Lister  describes  the  production  of  asphyxia  as  being  due  to  spasmodic  closure 
of  the  upper  opening  of  the  larynx,  the  folds  of  nuicous  membrane  above  the 
apices  of  the  arytsenoid  cartilages  being  carried  forwards  till  they  are  in  contact 
with  the  base  of  the  epiglottis,  which  remains  erect  and  unchanged  in  position. 
This  theory  was  founded  on  observations  of  the  larynx  during  the  production 
of  that  peculiar  laryngeal  stertor  which  usually  precedes  the  stoppage  of  the 
respiration.  On  pulhug  the  tongue  forcibly  forward,  the  arytenoid  cartilages 
were  seen  to  be  drawn  backward,  and  the  opening  of  the  larynx  made  perfectly 
free  again  ;  and  this  seemed  to  be  due  to  reflex  action  and  not  to  the  mere 
mechanical  act  of  drawing  the  tongue  forwards.  This  is  quite  possible  during 
aniesthesia,  as  the  reflex  functions  of  deglutition  and  respiration  are  not  affected 
by  chloroform  as  administered  for  a  surgical  oj)eration.  The  closure  of  the 
glottis  may  often  pass  unnoticed  till  the  pulse  stops,  as  the  heaving  of  the 
chest  may  go  on  for  some  time  after  air  has  ceased  to  enter  ;  the  only  signs  of 
the  state  of  the  })atient  being  the  gradually  increasing  lividity  of  the  face,  and 
the  fact  that  no  air  is  entering  or  coming  out  during  respiration,  which  can 
be  ascertained  by  feeling  with  the  hand  over  the  mouth.  Lister  is  of  opinion 
that  many  of  the  deaths  from  chloroform,  in  which  the  heart  has  been  said  to 
stop  first,  were  cases  of  this  kind.  He  insists  on  the  necessity  of  pulling  the 
tongue  forcibly  forwards  with  forceps,  and  not  merely  drawing  it  out  in  front 
of  the  teeth,  if  the  spasm  is  not  immediately  relieved  by  the  simpler  process 
recommended  by  Clover  of  pulling  the  chin  strongly  U])wards.  o.  As])hyxia 
may  also  be  caused  by  the  impaction  of  half-digested  food  in  the  larynx  during 
vomiting,  and  false  teeth. have  also  been  known  to  slip  into  the  larynx  during 
the  administration  of  chloroform,  and  the  same  accident  has  happened  with 
the  gag  used  in  dental  ojierations. 

In  death  from  Cardiac  Syncope,  the  patient,  after  a  few  inspirations,  sud- 
denly becomes  pale  and  faint ;  the  pulse  beats  in  a  flickering  manner  a  few 
times  and  then  ceases,  though  res])iration  may  continue  :  the  fatal  event  being 
evidently  due  to  paralysis  of  the  heart.  This  is  an  accident  that  mny  occur 
to  individuals  who  are  depressed  either  by  mental  emotion  or  by  ])hysical 
debility  before  taking  the  chloroform  ;  and  it  is  not  unfre(|uent]y  connected 
with  a  fatty  heart.  It  is  best  guarded  against  by  giving  tlie  patient  a  little 
stimulant,  as  brandy  or  ammonia,  before  commencing  the  inhalation. 

In  some  cases  death  has  occurred  from  syncope  suddenly  at  quite  an.  early 
stage  of  the  administration,  and  when  a  small  quantity  only  has  been  given, 
without  any  morbid  condition  being  discernible  on  examiiiatiosi  of  the  body 
after  death.  It  seems  possible  to  explain  such  cases  only  by  supposing  that  in 
rare  instances  there  exists  an  idiosyncrasy,  owing  to  which  a  small  quantity  of 
chloroform  acts  directly  upon  the  heart.  Lister  records  a  case  of  exactly  the 
opposite  condition,  in  which  the  patient  seemed  incapal)le  of  being  affected  by 
even  the  largest  doses. 

Secondary  Effects  of  Chloroform  may  developc  themseh  es  in  connection 
wi  th  the  head,  the  hiugs,  or  the  stomach.  The  liability  to  inconvenient  secondary 
effects  depends  chiefly  on  two  conditions  :  I,  on  the  mode  of  administration  of 
tlie  chloroform,  especially  on  the  care  taken  that  there  is  an  adequate  supply  of 
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air  admitted  at  the  time  when  the  vapour  is  inhaled  ;  and  2,  on  the  state  of 
the  patient  as  to  ag-e,  liabit,  tem])('ramcnt,  and  digestion.  Old  ])eople,  liahitual 
spirit-driidcevs,  and  those  of  a  bilious  and  sang-aine  temperament,  are  apt  to 
•  Slitter  most.  Tlie  condition  of  the  dij^estion  is  of  j^-reat  importance.  If  chloro- 
form be  given  too  soon  after  a  meal,  injurious  results  are  sure  to  follow  ;  hence, 
it  is  best  administered  on  an  empty  stomach. 

Hmd-Comiiliraiiom  follow  the  administration  of  chloroform  chiefly  in  tlic 
aged.  In  them  headaches  and  stupor  not  unfrequently  super^•enc,  and  occa- 
sionally paralytic  or  apoplectic  symptoms  will  develops  themselves  some  days 
after  the  anesthesia.  In  young  and  nervous  women  hysterical  sjmiptoms  often 
appear,  and  continue  for  some  hours  or  even  days  ;  but  they  need  not  excite 
uneasiness. 

The  Lnmja  probably  always  become  slightly  congested  during  the  adminis- 
tration of  chloroform.  But,  as  recovery  takes  place,  and  the  respiratory 
process  is  naturally  re-established,  the  pulmonaiy  vessels  unload  tliemselves, 
and  no  inconvenience  results.  The  process  is  greatly  facilitated,  and  the 
elfects  of  chloroform  are  readily  got  rid  of,  by  desiring  the  [)atient  to  breathe 
several  times  fully  and  deeply  after  consciousness  returns.  In  some  cases 
the  lungs  do  not  unload  themselves  of  the  accumulated  blood  ;  and  a  process 
of  slow  asphyxia  may  set  in,  and  may  prove  fatal  in  a  period  var}-ing  from 
tAventy-four  hours  to  four  or  six  days.  This  is  a  frequent  occun-ence  in  old 
patients  suffering  from  chronic  bronchitis  and  emphysema,  and  is  not  an 
uncommon  cause  of  death  after  operations  for  straiigulated  hernia,  as  the 
strangulation  is  frequently  caused  by  violent  straining  in  coughing.  It  is 
also  especially  a]it  to  happen  in  those  cases  in  which  it  becomes  necessary  to 
bandage  the  chest,  or  in  which  deep  respiration  is  attended  by  pain,  as  after 
amputation  of  the  breast.  Great  care  must,  therefore,  be  taken  not  to  con- 
strict the  chest-walls  too  tightly  after  such  operations. 

IrrUabiMy  of  ike  Stomach,  attended  by  continual  nausea  and  vomiting,  is 
sometimes  a  very  distressing  after-effect  of  chloroform,  and  may  be  pro- 
ductive of  most  serious  and  even  of  fatal  results.  It  is  less  likely  to  occur  if 
the  patient  can  be  left  undisturbed  and  allowed  to  sleep  off  the  effects  of  the 
chloroform.  In  many  instances  it  is  developed  by  the  patient  taking  the 
chloroform  too  soon  after  a  meal,  and  is  then  purely  gastric,  and  usually 
occurs  early  in  the  administration.  In  other  instances  it  appears  to  1)0 
sympathetic  with  cerebral  disturbance  of  some  kind ;  in  other  instances, 
again,  it  is  connected  with  kidney-disease.  But  in  any  case,  and  from  what- 
ever cause  arising,  it  is  a  very  serious  symptom,  and,  if  it  continue,  often 
turns  the  scale  against  the  patient  by  the  exhaustion  to  which  it  gives  rise. 
( It  is  best  treated  by  ice  or  weak  iced  brandy  and  sodawater.  Strong,  iced, 
black  coffee  with  bromide  of  potassium  is  occasionally  useful,  and  in  extreme 
cases  a  mustard  plaster,  or  even  a  blister,  to  the  epigastrium  may  be  tried. 

In  miaiii  diseased  conditions  of  the  system  the  administration  of  chloroform 
requires  nnich  care  ;  but,  as  a  general  rule,  it  may  be  stated  that,  Avhenever  the 
constitutional  disease  has  not  advanced  to  such  a  degTee  as  to  contra-indicate  an 
operation,  chloroform  may  be  given.  In  the  early  stages  of  phthisis  it  may 
usually  be  safely  inhaled  ;  but  in  some  cases  of  bronchial  irritation,  the  vapour 
is  apt  to  produce  troublesome  cough.  "When  the  heart  is  diseased,  great  caution 
is  necessary,  more  particularly  when  its  muscular  substance  has  undergone 
fatty  degeneration  ;  the  sedative  influence  of  the  chloroform  being  apt,  in  these 
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circumstanc'Cr;,  to  produce  a  sudden  depression  or  arrest  of  the  heart's  action. 
In  many,  perhaps  tlie  majority,  of  the  cases  of  deatli  from  chloroform,  the  fatal 
event  has  been  traced  to  this  cause.  In  valvular  disease  of  the  heart,  I  believe 
that  it  may  be  more  safely  given.  In  persons  -who  are  epileptic,  and  in  those  .  • 
who  suffer  from  congestion  of  the  brain,  it  requires  to  be  cautiously  adminis- 
tered, as  in  the  early  stages  of  antesthesia  much  cerebral  excitement  is  apt  to 
be  evinced.  In  hysterical  subjects,  chloroform  is  said  to  induce  a  tendency  to 
laiyugeal  spasm.  The  most  dangerous  condition  in  Avhich  to  administer  j 
chloroform  is  advanced  renal  disease  ;  in  such  cases  epileptiform  convulsions  are 
readily  induced,  with  lividity  of  the  face,  and  a  tendency  to  stertoraud  coma. 

Should  chloroform,  or  any  antesthetic,  be  given  in  operations  rendered 
necessary  by  severe  injuries,  during  the  continuance  of  the  shock  of  the 
accident,  as  in  primary  amputations  ?    In  such  circumstances,  its  use  has  been 
objected  to  on  the  ground  that  it  Avould  act  injuriously  l^y  still  further  lower- 
ing the  already  depressed  vital  powers  ;  and  that  the  pain  of  the  operation,  if 
l)erf(irmed  without  it,  would  prove  a  good  stimulant,  and  thus  serve  to  rouse 
the  patient.    But  would  this  really  be  so  ?    Is  the  pain  of  an  operation  a 
stimulant  ?    In  order  to  answer  this  question,  let  us  observe  the  condition  of 
a  patient  immediately  after  the  performance  of  a  seN"ere  operation — -as  an 
amputation — without  his  having  been  anassthetised  ;  and  we  shall  find  that,  so 
far  from  having  been  restored  or  stimulated,  he  will  have  been  seriously 
depressed  by  it.    The  pulse  will  be  small,  feeble,  and  slow  ;  the  surface  cold  ; 
and  the  mind,  perhaps,  scarcely  conscious  :  in  fact,  though  a  slight  degree  of 
pain,  as  a  pinch  or  a  prick,  may  act  as  a  stimulant,  very  severe  suffering  is  a 
most  powerful  dej^ressing  agent,  capa])le  in  itself  of  destroying  life.    The  pain 
of  an  operation  performed  soon  after  the  occurrence  of  a  severe  injury,  so  far 
from  rousing  the  j^atieut,  appears  to  me  to  act  most  injuriously,  by  inflicting 
a  second  shock  upon  the  system  before,  perhaps,  it  has  fairly  recovered  from 
the  depressing  effects  of  the  first ;  and  it  is  by  preventing  this  that  chloroform 
is  of  such  inestimable  advantage.    In  these  cases,  it  is  not  necessary  to  give 
chloroform  to  an  extreme  degree  of  anjesthesia.    It  is  requisite  to  give  it 
only  to  a  moderate  extent,  chiefly  so  as  to  benumb  sensation  during  the 
incisions  made  through  the  skin.    After  this,  and  during  the  later  stages  of 
the  operation,  the  inhalation  may  be  suspended  entirely,  or  neaily  so.    It  is 
an  interesting  physiological  fact,  that  the  physical  effect  of  shock  is  produced 
on  the  system  even  though  the  patient  be  completely  anaesthetised.    This  is 
,  particularly  noticeable  in  cases  of  castration  in  which,  at  the  moment  when 
jthe  cord  is  cut,  the  pulse  will  be  found  to  fall  several  beats  or  to  stop  momen- 
tarily, even  though  the  patient  be  quite  insensible.    Hence,  it  may  be  argued 
that,  although  anaesthesia  saves  the  patient  that  amount  of  shock  which  arises 
from  i)ain,  it  does  not  relieve  him  of  that  which  results  from  the  physical 
impression  produced  on  the  system  by  a  severe  mutilation. 

The  administration  of  Ether  may  be  effected  by  the  application  over  the 
mouth  and  nostrils  of  a  hollow  sponge  saturated  with  the  best  Avashed  sul- 
l)huric  ether  ;  but  it  is  far  better  to  employ  some  form  of  inhaler,  as  fi-om  its 
extreme  volatility,  unless  some  means  are  taken  to  economise  it,  the  quantity 
required  becomes  a  serious  inconvenience.  When  given  by  means  of  a 
sponge.  Warren  recommends  anointing  the  face  with  some  protective  unguent 
to  prevent  the  pungent  efl'ccts  of  the  ether  on  the  skin. 
Amongst  the  numerous  inhalers  which  ha^'e  been  invented  of  late  years, 
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Clover's  smaller  apparatus  is  perhaps  the  best  (Fig.  l).  It  consists  of  a 
face-piece  to  coA'cr  the  month  and  nose,  to  is  attached  by  a  short 

metal  tube,  a  circular  metal  vessel  to 
contain  the  ether.  On  the  other  side 
of  this  is  a  thin  india-rubl)er  bag,  also 
connected  with  the  ether-chamber  l)y 
a  short  tube.  The  cther-A-essel  can  be 
rotated  on  the  face-piece,  and  accord- 
ing to  the  position  in  which  it  is  placed, 
the  course  of  the  air  passing  through 
the  apparatus  varies.  When  it  is 
turned  so  that  the  small  indicator 
points  to  "  no  ether,"  the  expired  air 
passes  into  the  bag  without  entering 
the  ether-chamber,  and  is  breathed 
again  at  the  next  inspiration.  'VVlien 
at  "full  ether,"  the  air  in  inspiration 
from  the  bag  and  expiration  into  the 
bag  must  all  pass  through  the  ether- 
chamber,  which  is  Avarnied  partly  by  the  patient's  breath,  and  partly  by 
the  administrator's  hand  on  the  outside.  By  a  simple  mechanical  arrange- 
ment these  variations  in  the  direction  of  the  air  are  effected  without  vah  es, 
and  the  instrument  is  for  this  reason  less  likely  to  get  out  of  order.  It  is 
thus  used.  First  the  face-piece  is  fitted  to  the  patient's  face  with  the  ether- 
chamber,  but  without  the  bag,  and  with  the  indicator  pointing  to  "  no  ether." 
The  patient  is  allowed  to  breathe  through  it  a  few  times  to  get  accustomed  to 
it.  Then  the  bag  is  applied,  and  he  commences  to  breathe  the  same  air  over 
and  over  again.  This  soon  produces  a  slight  stupefying  effect,  and  after  a  few 
respirations  the  ether-vessel  is  rotated  so  as  to  gradually  allow  more  and  more 
ether-vapour  to  be  mixed  with  the  air.  After  a  few  more  respirations  the  full 
amount  of  ether  should  be  turned  on.  In  this  apparatus  there  is  purposely  no 
provision  for  the  admission  of  fresh  air,  and  if  it  were  held  firmly  to  the  face 
for  a  sufficient  time  death  from  asphyxia  nuist  ensue.  The  administrator 
judges  by  the  appearance  of  the  face  Avhen  air  is  needed,  and  removes  the 
whole  apparatus  for  one  or  more  respirations  as  he  nuiy  think  necessary.  The 
administration  of  ether  by  this  apparatus  gives  rise  to  less  choking  than  when 
the  vapour  is  given  from  a  hollow  s])6nge. 

The  effects  of  ether  resemble  generally  those  of  chloroform  ;  the  patient  is 
brought  to  the  same  state  of  total  unconsciousness,  -with  complete  muscular 
relaxation  and  abolition  of  all  reflex  movements,  except  those  concerned 
in  maintaining  the  action  of  the  heart  and  respiration.     Ether  produces, 
however,  more  excitement  than  chloroform,  especially  if  the  vapour  be 
considerably  diluted  with  air.    It  causes  also  at  the  commencement  a  choking 
sensation,  often  very  distressing.    It  always  gives  rise  to  a  copious  secretion  of 
mucus  both  in  the  pharynx  and  bronchial  tubes,  which  may  cause  considerable 
res])iratory  embarrassment,  the  respiration,  both  abdominal  and  thoracic,  being 
\noleiit  and  forcible.    Ether  exerts  a  more  stinmlating  effect  on  the  heart  than 
chlorolorm,  the  pulse  usually,  maintaining  its  force  even  when  the  patient 
is  deeply  under  the  influence  of  the  antesthetic.    The  pupil,  as  in  the  ad- 
ministration of  chloroform,  is  variable  until  the  extreme  limits  of  safe  adminis- 


Fig.  1. — Clover's  Ether  Inlialer. 


ADMINISTRATION  OF  ETHER. 


29 


tration  are  reached,  when  it  becomos  widely  dilated  and  fixed ;  at  this  time, 
also,  the  face  is  slightly  dusky.  The  time  required  for  the  induction  of  the 
anesthetic  state  varies,  averagino:,  perhaps,  fiA'c  minutes,  if  administei-ed 
Avithout  an  inhaler,  but  much  less  if  Clover's  ap])aratus  be  used.  The  same 
precautions  as  to  relaxation  of  the  dress,  the  recumbent  position,  and  abstinence 
from  food,  that  have  been  described  as  necessary  during  the  administration  of 
chlorofonn,  must  be  attended  to  when  ether  is  gi^-en.  Ether,  like  chloroform, 
may  give  rise  to  troublesome  vomiting  both  during  and  after  its  adminis- 
tration. 

Death  from  the  administration  of  Ether,  although  not  a  frequent 
occuiTcnce,  has  occurred  with  sufficient  frequency  for  certain  facts  to  be 
ascertained  with  regard  to  it.  Cawtley  Dawson,  in  the  IJrtfish  Medical  Journal, 
March  2,  1878,  has  pubhshed  a  collection  of  eighteen  cases  in  which  death 
occurred  either  during  or  soon  after  the  administration  of  ether.  Of  these  he 
excludes  nine,  on  the  grounds  that  ether  was  not  the  only  anresthetic  used,  or 
that  it  is  possible  the  death  may  have  been  due  to  other  causes.  In  the  remain- 
,  ing  nine  cases,  in  seven  the  heart  continued  to  beat  for  some  time  after  the 
respiration  had  ceased,  and  in  two  this  point  was  doubtful.  All  the  patients 
died  fi-om  asphyxia,  as  indicated  by  the  dusky  face,  and  shallow  respiration,  and 
the  long  interval,  varying  from  four  minutes  to  fifteen  or  more,  between  death  and 
the  first  manifestation  of  serious  symptoms.  At  the  post-mortem  examination 
the  lungs  were  found  gorged  with  blood  in  five  of  the  seven  cases  examined ;  in 
one  more  the  pulmonary  artery  was  said  to  be  engorged  ;  in  one  only  were  the 
lungs  pale,  and  in  this  case  the  symptoms  did  not  come  on  till  one  hour  and  a 
half  after  leaving  the  theatre.  The  conclusion  to  be  drawn  fi-om  these  cases 
is,  that  ether  kills  by  asphyxia  and  not  by  syncope ;  and  this  is  in  accordance 
with  the  results  of  experiments  on  animals  in  which  ether  was  found  always  to 
kill  by  arresting  the  respiration.  Ether  has  therefore  the  advantage  that  when 
it  does  give  rise  to  dangerous  effects,  the  serious  symptoms  develope  gradu- 
ally, and  there  is  plenty  of  time  to  adopt  such  measures  as  may  be  necessary 
to  restore  the  patient. 

Comparison  between  Ether  and  Chloroform. — The  history  of  Aufcsthctics 
furnishes  an  additional  illustration  of  the  mutability  of  professional  opinion. 
Ether  was  almost  the  only  ana3sthetic  employed  for  the  first  year  after  the  dis- 
covery of  its  use  as  an  anesthetic.  It  then  rapidly  gave  way  to  chloroform ;  aiul 
so  completely  was  this  agent  substituted  for  ether  in  this  country  and  generally 
throughout  Europe,  that  a  confusion  arose  in  the  public  mind  as  to  the  real 
discoverer  of  Angesthesia  ;  and  Sir  James  Simpson,  who  was  one  of  the  first 
to  employ  chloroform  and  to  whose  energy  its  general  adoption  was  mainly 
due,  was  veiy  commonly  considered  to  be  the  discoverer  of  Anesthetics.  In 
some  hospitals,  however,  and  more  especially  those  of  Boston,  the  birth- 
place of  surgical  Anesthesia,  the  faith  in  ether  has  never  been  shaken,  nor  its 
nse  abandoned  for  that  of  any  other  agent.  In  this  country  a  change  of  pro- 
fessional opinion  has  to  some  extent  set  in,  and  strenuous  efforts  have  been 
made  since  the  death  of  the  illustrious  discoverer  of  the  anesthetic  properties 
of  chloroform  to  decry  that  agent,  and  to  re-iutroduce  ether  as  a  general 
anesthetic. 

That  ether  and  chloroform  are  equally  effective  in  the  production  of  Anes- 
thesia, is  undoubted.  But  the  ad\  ocatcs  of  the  first  allege  that  it  is  the  safer 
agent  of  the  two  ;  whilst  those  of  the  latter  assert  that,  admitting  the  greater 
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safety  of  ether,  it  is  equally  certain  that  it  is  less  convenient  and  less  generally 
applicable  as  au  Ana3sthetic. 

This  question,  then,  has  to  be  examined  from  three  aspects  : — 1.  As  to  the 
applicability  ;  -1.  As  to  the  convenience  ;  and  3.  As  to  the  safety  of  the  twO' 
Antesthetics. 

1.  .4s  to  ApplicalilU!/. — There  can  be  no  doubt  that  in  the  vast  majority 
of  cases  both  are  equally  api)licable.  But  there  are  certain  cases  in  which 
ether,  and  others  in  which  chloroform,  appears  to  possess  superior  advantages. 

Ether  is  preferable  in  those  cases  in  which  from  severe  shock  the  nervous 
powers  are  greatly  depressed,  and  in  those  in  which  there  is  atony  of  the  heart, 
whether  from  fatty  degeneration  or  from  an  enfeebled  and  dilated  state  of  the 
ventricles. 

Chloroform  appears  to  be  more  applicable  in  all  those  cases  in  which  it 
is  necessary  to  maintain  the  anassthesia  for  a  great  length  of  time — for  many 
hom's — as  in  the  compression  of  an  artery  in  the  treatment  of  anem'ism  ;  and 
in  those  cases  in  which  the  galvanic  cautery  is  used  in  the  neighbourhood  of 
the  mouth  or  air-passages,  the  vapour  of  ether  under  these  circumstances 
being  liable  to  ignite  with  explosive  violence,  as  I  have  seen  happen. 

In  all  abdominal  surgery  chloroform  is  preferable,  as  the  violent  respiratory 
movements,  that  so  commonly  occur  in  consequence  of  the  accumulation 
of  mucus  in  the  lungs  and  larynx  durmg  the  administration  of  ether, 
may  prove  a  most  serious  inconvenience  to  the  Surgeon.  The  relaxation  of 
the  abdominal  muscles  is  much  more  perfect  with  chloroform  ;  and  as  this  is  of 
the  first  importance  in  the  treatment  of  strangulated  hernia,  whether  by  taxis 
or  operation,  in  abdominal  sections,  and  in  examination  of  abdominal  tumours, 
chloroform  should  always  be  used  in  such  cases.  In  young  children,  also, 
chloroform  is  always  to  be  preferred,  firstly,  because  no  apparatus  is  required, 
it  causes  less  choking  and  discomfort,  is  much  more  easily  given,  and 
frightens  the  patient  less  :  and  secondly,  because  experience  has  shown  that 
children  take  chloroform  with  remarkable  ease  and  safety. 

2.  As  to  Co)ivenipnr('. — In  this  respect,  chloroform  undoubtedly  possesses  a 
vast  superiority  over  ether,  and  indeed  it  was  its  superiority  in  this  res]:)ect  that 
led  so  rapidly  to  its  substitution  for  that  agent.  Snow  formerly  compared 
the  two  agents  to  a  hicifcr-match  and  a  tinder-box  respectively;  and  also 
to  an  express  and  a  slow  train,  in  which  we  regard  convenience  rather  than 
safety. 

Chlorof(n-m  is  infinitely  more  convenient  than  ether  in  many  ways.  By  it 
the  anfcsthesia  is  more  rapidly  induced,  and  when  once  induced,  it  is  more 
easily  maintained  complete  and  unbroken.  The  quantity  required  to  produce 
anassthesia  is  far  smaller.  This  is  a  most  important  advantage  in  midwifery 
and  in  military  and  naval  practice,  where  the  larger  bulk  of  the  ether  that  is 
consumed  in  inducing  anesthesia  would  often  render  its  employment  very 
difficult.  So  also  in  ordinary  country  practice,  where  Surgeons  have  to  work 
single-handed  or  with  imperfect  assistance,  the  readiness  Ayith  which  antesthesia 
is  induced  by  chloroform  is  a  very  important  consideration  in  its  favom-. 
The  penetrating  and  long-persistent  odour  of  ether,  though  of  minor  importj 
is  not  without  its  disadvantage  to  many  who  arc  delicate  or  susceptible.  * 

3.  As  to  Safety. — No  anesthetic  is  absolutely  safe.  It  is  impossible  to 
annihilate,  even  temporarily,  mental  consciousness  and  physical  sensibility  with- 
out some  risk.    With  ordinai-y  care  and  some  degree  of  experience,  this  risk  is 
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i-apable  of  being  reduced  to  very  trifling-  proportions.  So  small  is  the  risk, 
that  many  a  Surgeon  goes  through  a  lengthened  hospital  experience  ^vithout 
meeting  with  a  fatal  case.  But,  slight  as  is  the  danger  from  the  administra- 
tion of  aiuesthetics  by  competent  persons,  there  is  still  undoubtedly  a  certain 
definite  peril  attendant  on  their  use.  That  this  is  somewhat  greater  when 
(.•hloroform  is  used  than  when  ether  is  employed  is  generally  acknowledged — 
how  much  greater  is  uncertain.  There  are  no  data  before  the  profession  from 
Avhich  a  comparatiA  e  estimate  of  the  relative  danger  of  these  two  agents  can 
be  drawn. 

That  many  fatal  accidents  have  occurred  from  the  administration  of  chloro- 
form during  the  twenty-five  years  in  which  it  Avas  almost  the  exclusive  anaesthetic 
used  in  this  country,  is  unfortunately  too  true.  In  the  ten  years  1868  to  1877, 
no  less  than  138  were  recorded  in  the  medical  journals  of  this  country  alone. 
How  many  of  these  w^ere  inevitable — due  to  causes  beyond  the  control  of  the 
jidministrator  and  solely  referable  to  the  toxic  action  of  the  anaesthetic — is 
uncertain. 

That  but  few  fatal  accidents  have  as  yet  followed  the  administration  of  ether 
is  certain.  How  far  this  is  due  to  this  anaesthetic  being  actually  safer — i.e., 
less  toxic  than  chloroform — is  uncertain  :  and  the  comparison  is  at  present 
scarcely  just.  For,  since  the  re-introduction  of  ether  into  practice,  it  has  chiefly 
been  emi)loyed  by  professed  and  experienced  anassthetists  ;  and  much  greater 
skill  in  the  management  of  anesthetics  has  been  acquired  by  the  profession 
iienerallv  than  could  or  did  exist  in  the  earlier  davs  of  the  practice. 

The  following  report  places  some  of  the  facts  respecting  the  comparative 
\  alue  of  chloroform  and  ether  in  so  clear  a  light  that  I  have  thought  well  to 
reproduce  it. 

Report  on  ihe  administration  of  Chloroform  and  Ether  as  An(c.sthetirs. — By 
Surgeon-Major  J.  H.  Porter,  Assistant  Professor  of  Militaiy  Surgery. 

During  the  year  1875  chloroform  and  ether  were  administered  at  Nefcley 
Hospital  in  21  and  26  cases  respectively. 

The  following  is  an  analysis  of  the  time  taken  to  place  the  patient  under 
its  influence,  the  quantity  used,  and  their  general  effects  as  taken  from  a 
Eegister  kept  for  that  purpose  : — 

Chloroform. 

Minutes.  Seconds. 

Shortest  time  taken  to  place  under  influence  . 
Lon.e:est  time  r,  „ 

Avcrajje  time  .,  ., 

Average  time  under  influence 
Smallest  quantity  used  in  any  one  case  . 
Largest  quantity  used     .,  ., 
Average  quantity  used     .,  ..  .  • 

Vomiting  occurred  in  two  cases  during  or  after  administration  of  the  drug. 
Excitement  occurred  in  ten  cases  during  or  after  administration  of  the 
drug. 

Great  prostration  in  one  case  after  administration. 


(•>  24 
12  48 
1  drachm, 
8 

i]  drachms  9  minims?. 
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Ether. 

Minutes.  SccoikIhi. 
Shortest  time  taken  to  place  under  influence  ....       3  30 
Longest  time  ,,  ,.  ....      24  0 

Average  time  ..  ,,  ..  ....       8  10 

Average  time  under  influence  19  G 

Smallest  (quantity  used  in  any  one  case  2  ounces  4:  drachms. 

Largest  quantity  used  in  any  one  case        •       •       •       .    .  '.*  ounces. 

Avci'age  quantity  used  in  any  case   .       .       .       .       .       .  ">  tumccs  1  drachm. 

Vomiting  occurred  in  eleven  cases  during  or  after  the  administration  of  tlio 
drug. 

Excitement  occurred  in  se\-en  cases  to  a  jnarkcd  degree  during  or  aft(;r 
administration  of  the  drug. 

The  anassthetics  were  inA'ariably  given  on  empty  stomachs,  chloroform  hy 
means  of  a  handkerchief  or  towel  folded  into  the  form  of  a  cone,  and  ether 
by  Mr.  Morgan's  inlialer. 

Vomiting  and  excitement  during  or  after  administration  of  ether  having 
occurred  more  frequently  than  one  had  been  led  to  expect  from  former 
experience,  the  ana3sthetic  was  carefully  analysed  and  was  found  to  be  per- 
fectly piu'e,  and  of  specific  gravity  720*2  at  04°  Fah. 

In  conclusion,  I  would  say  that,  with  reasonable  care  and  in  fairly  skilled 
hands,  both  chloroform  and  ether  are  agents  that  mav  safelv  be  administered 
in  the  vast  majority  of  cases  requiring  surgical  operations  :  that  in  most  cases 
they  are  equally  applicable  :  that  in  some  chloroform,  in  others  ether,  is  the 
preferable  agent  :  that  in  midwifery,  military,  naval,  and  single-handed 
country  practice,  chloroform,  being  far  less  bulky,  more  portable,  and  more 
easy  of  administration,  is  preferable  to  ether  ;  but  that,  so  far  as  we  can  at 
present  judge,  ether  less  frequently  than  chloroform  produces  a  direct  toxic 
influence  on  the  heart,  and  is  consequently  so  far  the  safer  agent  of  the  two. 

Nitrous  Oxide  Gas  was  the  first  anajsthetic  used.  Its  employment  was, 
however,  soon  discontinued,  ether,  and  subsequently  chloroform,  taking  its 
place.  It  was,  however,  re-introduced  in  18G3  as  an  anajsthetic  by  the 
American  dentists.  It  is  an  admirable  anaesthetic,  capable  of  producing' 
complete  insensibility,  rapid  in  its  action,  safe  in  administration,  and  seldom 
giving  rise  to  any  unpleasant  after-efiPects.  It  has,  however,  one  drawback 
which  prevents  its  applicability  to  prolonged  operations.  The  class  of  cases  to 
which  the  nitrous  oxide  is  applicable  as  an  anaesthetic  is  restricted,  owing  to 
the  shortness  of  the  duration  of  the  anaesthesia  produced  by  it,  and  the  sud- 
denness and  com])leteness  of  the  return  to  consciousness,  leaving  the  after- 
smart  of  the  operation  almost  as  severely  felt  as  the  sting  of  the  cut  itself 
could  have  been.  Nitrous  oxide  is  chiefly  of  use  in  operations  unattended  l)v 
cuttiug,  as  in  the  forcible  flexiu'c  of  stiffened  joints,  the  avulsion  of  toe-nails 
extraction  of  teeth,  &c.  :  or  in  those  cutting  operations  which  are  completed 
by  a  single  stroke  of  the  scalpel  or  bistoury,  as  the  opening  of  an  abscess  or  the 
division  of  a  fistula. 

In  order  to  produce  the  desired  effect,  without  causing  that  violent  excite- 
ment which  gained  it  the  name  of  "laughing  gas,"  it  must  be  administered 
pure,  without  the  admixture  of  air.  In  order  to  do  this,  a  pro})er  a])paratus. 
with  a  closely-fitting  face-piece,  to  cover  the  mouth  and  nose,  must  be  used' 
Tlie  gas  is  sup])lied  for  use  compressed  in  iron  bottles.  The  bottle  is  connected 
with  the  face-piece  by  a  tube,  in  the  middle  of  which  is  an  india-rubber  ba<>- 
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differently  placed  in  different  instruments.  The  principle  of  all  is,  liowever, 
that  after  the  face-piece  has  been  hrmly  applied  to  the  patient's  face,  the  bag-  is 
distended  with  gas,  by  turning  the  stop-cock  connected  with  the  iron  bottle,  and 
the  patient,  breathing  backwards  and  forwards  into  the  bag,  inhales  the  same  gas 
several  times.  Some  of  the  gas  is  necessarily  lost  by  escaping  from  under  the 
face-piece,  and  its  place  is  supplied  by  allowing  a  fresh  stream  to  flow  in  from 
the  iron  bottle.  Nitrous  oxide  is  an  jrrespirable  gas,  and  as,  in  this  method,  no 
air  is  mixed  with  it,  the  effects  produced  are,  to  a  great  extent,  those  of  asphyxia. 
It  differs,  however,  from  the  asphyxia  produced  by  obstruction  of  the  air-passages 
in  this,  that  the  elimination  of  carbonic  acid  gas  continues  to  a  certain  extent, 
so  that,  although  the  blood  ceases  to  receive  oxygen  it  does  not  become  over- 
charged with  carbonic  acid,  and  conse(iuently  a  few  breaths  of  fresh  air  remove 
all  traces  of  the  temporary  asphyxia.  The  process  of  antesthcsia  by  nitrous 
oxide  is  not,  however,  merely  asphyxia  and  nothing  else  ;  a  certain  proportion 
of  the  gas  is  absorbed,  and  exerts  an  influence  resembling  that  of  other  anass- 
thetics  on  the  nervous  centres.  Experiments  on  animals  have  shown  that,  hke 
ether,  it  always  stops  respiration  before  arresting  the  action  of  the  heart.  In 
the  administration  of  laughing  gas  the  following  symptoms  are  observed. 
After  a  time,  varying  from  a  few  seconds  to  half  a  minute,  according  to  the 
freedom  with  which  the  patient  inhales  the  gas,  a  slight  lividity  of  the  face  is 
noticed,  and  a  choking  sensation  may  be  felt.  In  less  than  one  minute, 
as  a  rule,  this  lividity  becomes  extremely  marked  ;  the  vessels  of  the  face  are 
injected,  there  are  often  some  twitchings  of  the  eyes  and  limbs,  and  the 
breathing  is  deeper  than  natural.  At  this  stage  sensation  and  reflex  move- 
ments are  abolished,  and  a  momentary  operation  may  be  performed.  Some- 
times the  patient  is  conscious  that  something  has  been  done,  although  he  feels 
no  pain,  and  his  ideas  are  confused.  If  the  operation  be  more  than  momentary, 
the  administration  of  the  gas  must  be  continued  a  few  seconds  longer.  The 
face  then  becomes  livid,  the  eyes  protrude,  the  pupils  dilate,  and  the  whole 
appearance  of  the  patient  is  homble  in  the  extreme  to  an  inexperienced 
bystander.  The  pulse  becomes  unsteady,  and  the  respiration  slow  and  stertorous. 
This  is  the  extreme  point  to  which  the  administration  can  be  carried  ;  for,  as 
before  stated,  the  gas  is  irrespirable,  and  if  administered  for  a  sufficient  length 
of  time,  must  necessarily  be  fatal.  Even  when  carried  to  this  extreme  point, 
however,  a  few  breaths  of  fresh  air  suffice  to  restore  the  patient  perfectly.  Occa- 
sionally there  is  some  excitement  as  recovery  takes  place,  but  it  soon  passes 
off.  Vomiting  is  extremely  rare.  During  the  period  of  insensibility,  and  the 
excitement  afterwards  the  patient  is  very  apt  to  dream  ;  and  consequently  it  is 
extremely  unwise  for  a  medical  man  to  administer  laughing  gas,  or  in  fact  any 
anesthetic,  to  a  female  patient  without  the  presence  of  a  third  person,  as 
unfounded  charges  of  criminal  assault  have  been  made  under  these  circum- 
stances, very  possibly  in  perfect  good  faith. 

Death  from  the  administration  of  Nitrous  Oxide  has  occurred  only  with 
extreme  rarity.  In  1877  it  proved  fatal  to  a  medical  man,  apparently  from 
over-distension  and  paralysis  of  the  right  side  of  a  fatty  heart,  consequent  on 
the  obstruction  to  the  puhnonary  circulation,  which  always  occurs  from  the 
partial  state  of  asphyxia  which  the  gas  induces.  In  another  case,  a  patient, 
in  the  last  stage  of  phthisis,  failed  to  rally  and  died  less  than  one  hour  after 
the  gas  was  administered.  Several  other  fatal  cases  have  occurred  from  the 
gag  used  by  the  dentist  breaking  or  slipping  and  becoming  impacted  in  the 
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larynx.  The  only  conclnsions  to  be  drawn  from  these  cases  are,  that  it  is  not 
advisable  to  give  it  in  cases  of  extreme  phthisis  or  fatty  heart,  and  that  it  is 
wise  for  the  administrator  to  have  by  his  side  the  instruments  necessary  for 
the  operation  of  laryngotomy  or  tracheotomy  whenever  the  operation  is  one 
involving  the  nse  of  a  gag. 

Nitrous  Oxide  and  Ether. — As  has  already  been  stated,  each  of  these 
agents  possesses  certain  disadvantages — the  anaesthesia  produced  by  nitrous 
oxide  not  being  sufficiently  persistent  to  admit  of  the  performance  of  prolonged 
operations,  that  of  ether  being  slow  of  production  and  often  attended  by 
considerable  excitement.  By  the  successive  administration  of  the  two  antes- 
thetics,  these  inconveniences  are  removed,  and  the  advantages  of  the  two 
secured.  The  plan  adopted  by  Clover  consists  in  the  rapid  induction  of 
anaesthesia  by  the  nitrous  oxide,  and  the  maintenance  of  this  insensibility  by 
the  use  of  the  vapour  of  ether.  In  this  way  one  anesthetic  supplements  the 
other,  and  the  safety  of  the  one  is  combined  with  the  persistence  of  the 
other. 

Bichloride  of  Methylene,  originally  suggested  as  an  anaesthetic  by 
Richardson,  has  lately  been  extensively  used,  especially  at  Guy's  Hospital  and 
at  the  Moorfields  Ophthalmic  Hospital.  Its  advantages  over  chloroform  are 
said  to  be  greater  rapidity  of  action,  complete  and  rapid  recovery,  and  the 
absence  of  muscular  rigidity  during  administration,  and  of  unpleasant  after- 
symptoms.  Over  nitrous  oxide  it  has  the  advantage,  that  the  ansesthesia  can 
be  maintained  for  any  length  of  time.  Though  said  to  be  safer  than  chloro- 
form, its  use  is  not  perfectly  free  from  danger,  more  than  one  fatal  case  having 
already  occurred  ;  and  if  used  for  operations  lasting  more  than  two  minutes, 
it  seems  quite  as  liable  to  cause  vomiting.  To  produce  rapid  anaesthesia,  it  is 
necessary  that  the  vapour  be  inhaled  in  as  concentrated  a  state  as  possible,  all 
unnecessary  admission  of  air  being  avoided.  For  this  purpose  an  apparatus 
has  been  devised  by  Eendle,  consisting  of  a  leather  cylinder,  open  at 
one  end  and  shaped  so  as  to  fit  closely  over  the  mouth  and  nose,  the 
other  end  being  dome-shaped  and  perforated  so  as  to  admit  sufficient  air 
for  respiration.  In  the  interior  of  this  cylinder  is  a  loosely-fitting  flannel 
bag,  which  overlaps  the  open  end  and  is  secured  by  an  elastic  band.  The 
administration  is  performed  as  follows.  One  drachm  of  the  bichloride  of 
methylene  is  sprinkled  on  the  inside  of  the  flannel  bag,  and  the  leather  cylinder 
is  immediately  placed  over  the  face  of  the  patient  ;  at  first  it  must  not  fit 
accm-ately  to  the  nose  and  mouth,  but,  as  soon  as  the  patient  can  bear  it,  it 
must  be  pressed  firmly  down  so  as  to  exclude  all  air,  except  such  as  passes 
through  the  bag.  By  these  means  anaesthesia  sufficient  for  opening  an  abscess 
is  usually  produced  under  one  minute,  passing  oif  as  rapidly  as  it  was  induced. 
If  the  administration  be  prolonged  until  the  drachm  of  the  bichloride  is  com- 
pletely exhausted,  the  anaesthesia  usually  lasts  about  five  minutes  ;  the  patient 
on  recovering  being  able  to  walk  away  with  only  a  slight  feeling  of  giddiness. 
If  necessary,  a  second  drachm  may  be  used  to  prolong  the  effect ;  but  the 
after-symptoms  then  resemble  those  of  chloroform,  though  in  a  somewhat 
minor  degree.  The  signs  of  danger  during  administration  are  lividity  of  the 
face,  and  cessation  of  the  pulse  and  respiration.  If  they  occur,  it  is  best 
according  to  Bader's  advice,  to  place  the  patient  at  once  in  the  recumbent 
position  on  the  left  side,  with  the  tongue  well  pulled  forward,  when  the 
symptoms  will  gi-adually  pass  off.    Richardson  has  concluded  from  experi- 
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ments  on  animals,  that  in  fatal  cases  respiration  and  the  heart's  action  cease 
at  the  same  time.  In  hospital  practice,  where  time  is  of  considerable  import- 
ance, it  has  been  found  to  be  a  convenient  plan  to  induce  anesthesia  in  the 
first  instance  by  means  of  bichloride  of  methylene,  and  to  maintain  it  after- 
wards as  long  as  may  be  necessary  by  chloroform. 

Various  other  substances  possessing-  annssthetic  properties,  such  as  ethyl- 
bromide,  chlorethylidine,  &c.,  have  been  tried  at  various  times,  but  have  not 
shown  any  advantages  over  those  in  common  use. 

The  Treatment  of  the  Effects  arising  from  an  Overdose  of 
Anaesthetics  is  conducted  on  two  principles  : — 1,  the  establishment  of 
respiration,  either  natural  or  artificial,  so  as  to  empty  the  lungs  of  the 
vapour  contained  in  the  air-cells,  and  to  aid  the  oxygenation  of  the  blood ; 
and  2,  the  stimulation  of  the  hearts  action,  and  the  maintenance  of  the 
circulation. 

The  first  principle  of  treatment — that  of  re-establishing  respiration — is  most 
serviceable  in  the  asphyxial  form  ;  the  other — that  of  stimulating  the  heart — 
when  syncopal  symptoms  are  present.  But  in  all  cases  they  may  most  advan- 
tageously be  employed  in  combination. 

The  treatment  to  be  adopted  on  the  occurrence  of  dangerous  symptoms,  or 
of  apparent  death  from  chloroform,  is  as  follows  : — 

1.  The  administration  of  the  vapour  must  be  at  once  discontinued. 

2.  The  tongue  should  be  seized  with  the  fingers,  or  with  a  hook  or  forceps, 
and  drawn  out  of  the  mouth  ;  and  the  larynx  pushed  up  so  that  the  glottis 
may  be  opened.  The  tongue  must  be  pulled  forcibly  forwards — not  merely 
pulled  out  of  the  mouth — for  the  reasons  before  stated. 

3.  Fresh  air  should  be  admitted  to  the  patient  by  opening  doors  and 
windows,  and  by  jDreventing  bystanders  or  spectators  from  crowding 
round. 

4.  All  constrictions  should  be  removed  from  the  patient's  throat  and  chest, 
and  these  parts  should  be  freely  exposed. 

5.  Artificial  respiration  must  at  once  and  without  delay  be  set  up,  whilst 
these  other  measures  are  being  carried  out.  This  should  be  done  by  the 
Sylvester  mcchod,  which  is  fully  described  in  the  chapter  on  asphyxia. 

6.  Electricity,  in  the  form  of  faradisation  of  the  phrenic  nerve,  has  been  of 
great  use  in  some  cases  as  an  adjunct  to  artificial  respiration.  It  must  be 
applied  methodically  as  described  under  the  treatment  of  asphyxia. 

7.  As  accessory  means,  friction  of  the  extremities  may  be  employed ; 
a  little  brandy  rubbed  inside  the  mouth  ;  and  cold  water  dashed  on  the 
face. 

The  nitrite  of  amyl  would  appear,  from  the  experiments  of  Dabney  on 
animals,  and  from  recent  observations  on  man,  to  be  an  antidote  to  chloroform- 
poisoning,  both  in  its  syncopal  and  asphyxial  forms  ;  the  inspiration  of  the 
vapour  of  ten  to  fifteen  drops  of  the  nitrite  unloading  the  vessels  and  restoring 
the  heart's  action. 

8.  Tracheotomy  or  laryngotomy  can  be  necessary  only  when  the  asphyxia  is 
due  to  the  impaction  of  some  foreign  body,  as  false  teeth  or  a  gag,  in  the 
larynx  during  insensibility,  or  to  accumulation  of  blood  in  the  pharynx  or 
trachea. 

Local  Anaesthesia  may  be  induced  by  freezing  a  part.  This  is  done  in 
two  ways :  1,  i)y  the  application  of  a  fi-eezing  mixture  ;  2,  by  the  rapid 
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evaporation  of  very  pure  ether.  Tlie  application  of  a  frigorific  mixture  of 
ice  and  snow,  as  introduced  by  J.  Arnott,  may  very  conveniently  be  em- 
ployed in  many  cases  in  which  the  internal  administration  of  ansesthetics  is 
either  inadmissible  or  inconvenient.  It  can  be  produced  with  certainty,  how- 
ever, only  in  those  cases  in  which  the  incisions  implicate  merely  the  skin  and 
subcutaneous  structures,  as  in  opening  abscesses,  slitting  up  sinuses,  avulsion 
of  toe-nails,  or  removing  small  and  superficial  tumours.  For  all  such  purj^oses, 
however,  it  is  extremely  valuable. 

The  mode  of  using  i\\Q  friyorifii-onixturci  is  as  follows.  About  a  tumblerful  of 
rough  ice  is  put  into  a  strong  canvas  bag,  and  finely  powdered  ^^■ith  a  mallet. 
It  is  then  pom'ed  out  on  a  sheet  of  paper,  and  half  its  bulk  of  salt  is  quickly 
mixed  with  it  by  means  of  an  ivory  or  wooden  paper-knife.  The  mixture 
is  then  put  into  a  mushn  or  gauze  laag,  suspended  from  a  wooden  ring,  and 
apphed  to  the  part  for  from  five  to  ten  minutes.  So  soon  as  the  skin  becomes 
white,  opaque,  and  hard,  anassthesia  is  produced,  and  the  incisions  may  be 
made  ^vithout  any  pain  being  experienced.  The  fi'ozen  part  speedily  I'ecovers, 
no  inconvenience  resulting. 

The  rapid  cvaporaiion  oflughlij  rectified  ether  has  been  veiy  ingeniously  and 
successfully  apjihed  by  Richardson  in  the  production  of  cold  sufficient  to 
freeze  a  part,  and  thus  render  it  temporarily  insensible.  A  fine  spray-jet  of 
ether  of  a  low  specific  gravity  is  thrown  upon  the  part  to  be  anaesthetised. 
The  skin  rapidly  becomes  white  and  hard — is,  in  fact,  frozen.  This  method 
of  inducing  local  insensibility  to  pain  is  more  exact  and  efficacious  than  that 
by  the  frigorific  mixture,  and  is  generally  preferred.  It  is  applicable  in  the 
same  class  of  cases.  The  ether  should  be  tested  before  it  is  used  by  pouring 
a  little  into  the  hollow  of  the  hand,  where,  if  it  is  of  the  proper  (juality,  it 
will  boil  violently. 

PEBFOEMANCE  OF  AN  OPEEATION, 

In  the  performance  of  an  operation  in  private  practice  the  Surgeon  must 
see  for  himself  that  the  preparations  are  properly  made.    The  room  must  be 
light,  of  sufficient  size  and  properly  Avarmed.    The  table  upon  which  the 
patient  is  placed  must  be  of  the  ordinary  height.    The  strong  deal  table 
usually  found  in  kitchens  answers  the  purpose  iairly  well.    It  must  be  very 
steady  on  its  legs,  and  if  it  is  not  more  than  three  feet  wide  it  will  be  more 
convenient.    It  nuist  be  covered  with  a  blanket  folded  into  four  layers  ; 
another  blanket  must  be  provided  to  place  over  the  patient's  body,  and 
pillows  must  be  comfortably  arranged  for  the  head.    A  tray  filled  with  saw- 
dust, or  an  old  blanket  folded  very  thickly  may  be  placed  on  the  floor  to 
catch  the  blood.    The  friends  must  be  asked  to  provide  in  the  room,  "a 
dozen  towels,  four  Avashing  basins,  and  two  large  cans,  one  of  hot  and  one 
of  cold  water,  and  a  slop-pail  or  foot-bath.    A  gallon  or  more  of  carbolic 
acid  lotion  of  the  strength  of  1  to  20  should  be  in  readiness,  which  may 
be  diluted  to  1  in  40,  for  washing  the  sponges.    The  necessary  amount  of 
carbolic  lotion,  according  to  the  extent  and  nature  of  the  operation,  must 
first  be  prepared,  and  the  cans  of  common  water  must  then  be  carefully 
removed  to  one  corner  of  the  room,  and  orders  given  to  the  nurse  not  to  touch 
them  ;  for,  unless  she  is  thoroughly  experienced,  she  is  almost  certain  to  use 
plain  water  instead  of  carbolic  lotion  during  the  excitement  of  the  operation. 
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The  sponges  slionkl  be  brought  by  the  surgeon  himself,  and  should  be 
properly  prepared.  Improperly  cleaned  sponges  have  always  been  justly  con- 
sidered a  potent  source  of  infection  in  wounds.  New  sponges  are  apt  to  be 
gritty  from  sand,  and  require  very  cai'eful  wasliing  ;  after  which  they  should 
be  soaked  for  at  least  twenty-foiu-  hours  in  a  1  in  20  solution  of  carboHc  acid 
before  being  used.  After  an  operation  the  meshes  of  a  sponge  are  more  or 
less  filled  with  coagulated  blood,  which  mere  washing  in  water  will  hardly 
remove.  In  order  to  clean  it  thoroughly,  it  may  be  soaked  in  a  strong 
solution  of  sulphurous  acid ;  or,  after  maceration  for  forty-eight  hours  in  a 
dilute  solution  of  hydrochloric  acid  (about  ten  drops  of  the  strong  acid  to  the 
ounce  of  water),  and  for  twenty-four  hours  in  a  strong  solution  of  carbonate  of 
soda,  it  may  be  well  Avashed  in  common  water,  and  kept  ready  for  use  in  a 
bath  of  1  in  20  carbolic  acid  lotion.  Another  plan  is  to  put  the  sponge  in  a 
basin  of  common  Avater  till  the  fibrin  in  its  meshes  is  decomposed  and  offensive; 
then  wash  it  well  in  hot  water,  or  boil  it ;  after  which  it  may  be  thoroughly 
washed  again,  and  finally  put  into  a  bath  of  1  in  20  carbolic  lotion  till  it  is 
wanted. 

Before  commencing  an  operation,  the  Surgeon  must  look  over  his  instru- 
ments, comparing  them,  if  the  operation  be  complicated,  with  a  list  previously 

made  out  ;  he  must  see  that  they  are  arranged  in  the 

order  in  which  they  are  wanted,  and  properly  covered 

with  a  towel.    Much  of  the  successfid  performance  of  an 

operation  dejiends  on  the  attention  and  steadiness  of  the 

assistants.    Of  these  there  should  be  enough,  but  not  too 

many.    In  all  capital  operations  three  or  four  Avill  be 

required  ;  one  for  the  administration  of  the  anesthetic, 

another  to  command  the  artery,  a  third  immediately  to 

assist  the  Surgeon,  and  the  fourth  to  hand  sponges, 

instruments,  &c.    The  duties  of  the  assistants  should  be 

performed  in  silence,  and  each  man  must  carefully  attend 

to  his  own  business,  and  not  neglect  this,  as  is  too  often 

done,  in  his  anxiety  to  crane  over  and  see  what  the 

Surgeon  is  about.    There  should  be  no  unnecessary 

talking  when  once  the  patient  is  on  the  table ;  the 

Surgeon's  directions  ought  to  be  conveyed  by  a  brief 
word  or  two,  by  a  look,  or  by  a  sign  Avith  the  hand. 

The  incisions  for  the  operation  should  be  carefully 
and  properly  planned,  so  as  to  give  sufficient  space  Avith 
as  little  mutilation  as  possible  ;  but  it  must  always  be 
borne  in  mind,  that  although  a  needlessly  long  incision 
may  lead  to  unnecessary  disfigurement,  it  does  not  add 
materially  to  the  danger  of  the  patient,  while  too  small 
an  incision  hampers  the  surgeon  and  greatly  increases  his  difficulties,  especially 
in  the  arrest  of  haemorrhage. 

Incisions  may  be  made  by  cutting  from  without  inwards,  or  from  within 
outwards,  or  subcutaneously.  The  most  couA'cnient  instrument  for  all  ordi- 
nary incisions  is  the  scalpel.  This  should  be  set  in  a  smooth  ebqnj.  handle, 
which  is  less  slippery  than  an  ivory  one  when  wetted  with  blood,  and  admits 
greater  delicacy  of  touch  ;  it  should  be  light  in  the  blade,  nearly  straight- 
backed,  and  slightly  bellied  on  the  cutting  edge.    The  heel  should  be  as  Avide 


Fig.  2.— BistoTiry  held  per- 
peiuliculiirlj-. 
>.     '  . 
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as  the  widest  part  of  the  blade,  and  there  should  be  no  constriction  where  it 
joins  the  handle.  When  very  free  and  extensive  incisions  are  required,  as  in 
the  removal  of  large  tumours,  &c.,  a  Listen's  spring-backed  bistoury,  of 
proper  size  and  shape,  is  a  very  convenient  instrument  (Fig.  2).  For  a  sub- 
cutaneous incision,  a  veiy  small  narrow-bladed  knife  is  required. 

The  ordinary  scalpel  is  held  in  two  ways :  first,  like  a  pen  (Fig.  3) ;  secondly, 
like  a  dinner-knife  (Fig.  4).  The  former  position  is  that  universally  adopted 
in  dissecting  the  dead  body,  and  the  habit  of  always  holding  the  knife  in  this 


Fig.  3.— Knife  held  like  a  pen. 


way  is  one  of  the  first  faults  whicji  a  student  commencing  operative  surgery  has 
to  correct.  In  dissection,  also,  the  student  habitually  turns  his  knife  from  the 
deep  parts  towards  the  skin,  so  that  any  slip  of  the  knife  may  not  injure  the 
subcutaneous  structures  which  it  is  his  object  to  preserve.  In  raising  flaps  in 
the  li\Ting  body,  the  reverse  must  be  the  rule,  as,  if  the  skin  and  subcutaneous 
tissues  are  scored  by  the  knife,  the  flap  will  certainly  slough.    No  one  who  has 


Fig.  4.— Scalpel  held  like  a  dinner-knife. 


not  taught  operative  surgery  could  conceive  how  difficult  it  is  to  correct  this 
most  dangerous  habit  in  young  operators.  In  making  an  ordinary  incision  from 
without  inwards,  as  in  the  removal  of  a  tumour,  or  in  cutting  down  upon  an 
artery  in  its  continuity,  the  skin  must  be  put  gently  on  the  stretch,  and  the  knife 
entered  perpendicularly  to  its  surface,  so  as  fairly  to  penetrate  the  subcutaneous 
fat ;  the  handle  may  then  be  lowered,  so  that  the  incision  is  continued  with  the 
belly  of  the  knife.  This  may  be  done  by  drawing  the  knife  steadily  along,  if 
the  edge  is  good  and  the  tissues  are  not  particularly  resisting  ;  more  often, 
however,  a  slight  rapid  sawing  movement  is  required.  In  bringing  the  knife 
out  again,  the  handle  should  be  raised  so  that  there  may  be  no""  taiHno-,"  but 
that  the  incision  may  be  as  nearly  as  possible  of  equal  depth  throughout.  The 
bad  habit  of  gradually  losing  length  as  the  incision  is  deepened,  so  that,  for 
example,  a  four-inch  incision  through  the  skin  is  reduced  to  three  at  the  fascia, 
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sliould  be  carefully  avoided.  An  ordinary  wound  is  gradually  deepened  by 
simply  drawing-  the  knife  along  it,  with  its  edge  directed  downwards  and  parallel 
to  the  incision,  until  the  deep  fascia  is  reached.  As  the  wound  is  deepened  it 
is,  if  necessary,  held  open  by  an  assistant  with  blunt  hooks  or  spatulas.  The  ♦ 
dinsion  of  the  deep  ftiscia  often  requires  care,  as  important  structures  may  lie 
beneath,  which  it  is  necessary  to  avoid.  It  is  done  therefore  in  one  of  two 
ways.  It  may  be  picked  up  with  a  pair  of  dissecting  forceps,  and  a  small  hole 
carefully  made  in  it,  through  which  a  director  may  be  inserted,  upon  which  it 
may  be  divided,  the  back  of  the  knife  being  turned  downwards  (Fig.  5) ;  or, 
the  small  hole  having  been  made  in  it,  the  point  of  one  blade  of  the  forceps 
may  be  introduced,  and  the  fascia  seized  and  raised  slightly  from  the  parts 
beneath.    The  side  of  the  knife  then  being  turned  downwards,  the  portion  of 


Fig.  5. — Division  of  the  fascia  on  a  director.   Blunt  hooks  holding  open  the  wound. 


fascia  raised  in  the  forceps  is  divided  in  the  direction  of  the  incision  in  the 
skin,  only  the  last  half-inch  of  the  knife  being  used.  A  fresh  hold  is  then 
taken  with  the  forceps,  and  another  jDiece  of  the  fascia  divided  in  the  same 
way  (Fig.  G).  With  a  little  practice  it  is  easy  in  this  way  to  make  a  clean 
linear  incision  through  the  fescia.  It  is  a  much  safer  plan  than  that  of  usiug 
a  director,  as  nothing  is  divided  but  that  which  is  raised  by  the  forceps, 
whereas  in  pushing  a  director  blindly  under  a  fascia  its  point  may  pass 
beneath  something  which  it  is  not  intended  to  cut.  Where  the  tissues  are 
very  lax  beneath  the  fascia,  it  is  often  a  convenient  plan  to  guide  a  probe- 
pointed  bistoury  on  the  forefinger  of  the  left  hand,  instead  of  using  a  director. 
The  finger  is  the  best  possil:)le  director  when  it  can  be  used,  as  it  can  be 
guided  more  or  less  by  sensation.    Occasionally  in  deepening  a  wound  through 
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vGiy  loose  structures,  amongst  which  important  vessels  may  lie,  as  in  removing 
tumours  from  the  root  of  the  neck  or  the  axilla,  the  surgeon  may  prefer'  to 
make  use  of  a  blunt  instrument,  and  to  tear  the  tissues  instead  of  cutting 
them.  With  this  view  he  may  use  two  pair  of  forceps,  or  one  pair  of  forceps 
and  a  director,  or  the  handle  of  the  scalpel.  He  must  not,  however,  be 
tempted  to  use  these  forcil)ly  or  rashly,  as  l)y  so  doing  much  mischief  may  be 
produced.  He  must  work  methodically,  picking  up  what  he  intends  to  tear 
with  the  forceps,  and  being  careful  to  tear  only  what  he  has  thus  seized.  In 


Fig.  6.— Dissection  tlirough  a  fascia.    Sppiicer  Wdls'  forceps  on  a  bleeding  vessel.    Blunt  hooks 

holding  oi)en  the  superhcial  wound. 


some  cases  a  properly  cultivated  finger-nail  or  thumb-nail  will  be  found  a 
most  useful  instrument. 

PREVENTION  OP  H.ffiMORRHAGE  DURING  OPERATIONS. 

In  every  operation  invohing  the  use  of  the  knife,  loss  of  blood  during  its 
performance  is  the  ga;ea.t.primary  danger  to  be  guarded  against.  This  may  be 
prevented  most  conveniently  in  the  extremities  by  the  use  of  the  tourniquet  or 
the  elastic  band,  or  by  an  assistant  compressing  the  main  artery  of  the  limb. 
If  the  seat  of  the  operation  be  such  as  not  to  admit  of  this,  the  assistant  may 
compress  the  bleeding  vessels  as  they  are  divided  during  the  operation  ;  and  as 
soon  as  it  is  concluded,  he  can  remove  his  fingers  from  them,  one  by  one,  to 
admit  of  their  being  ligatured  or  twisted.  This  plan  has,  however,  the  incon- 
venience of  occupying  the  assistant's  hands  at  a  time  Avhen  they  may  be  wanted 
to  help  the  Surgeon,  and  it  will  be  found  more  convenient  if  the  vessels  be  seized 
in  a  pair  of  catch  forceps  of  the  pattern  recommended  by  P6an  &  Sir  T.  Spencer 
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"Wells  (Fi^.  ()).  These  forceps  have  scissor  handles,  and  the  grasping  extremity 
is  roughened  by  rather  deeply  cut  transverse  teeth.  They  can  be  applied  instan- 
taneously, and  their  hold  is  extremely  firm,  and  from  their  length  and  weight 
it  is  easy  for  the  assistant  to  keep  them  out  of  the  wound  during  the  operation, 
while  at  the  same  time  his  fingers  are  free  to  help  the  oj^erator.  At  the  con- 
clusion of  the  operation,  it  will  frequently  be  found  that  their  pressure  has 
succeeded  in  permanently  arresting  the  bleeding  from  the  vessels  to  which 
they  ha^•e  been  applied.  Their  action  in  this  respect  will  be  more  fully 
described  in  the  Chapter  on  the  Permanent  Arrest  of  Ha3morrhage.  As  a 
means  of  temporarily  arresting  bleeding  during  an  operation,  they  have  proved 
of  the  greatest  possible  value,  especially  in  operations  about  the  head  and 
neck,  and  abdomen. 

The  Tourniquet  and  its  Application. — The  older  Surgeons  from  the 
time  of  Archigcncs,  a  Koman  who  liA'ed  in  the  second  century,  hound  a  tight 
narrow  band,  called  "  the  fillet,"  round  a  limb  during  an  amputation.  The 
fillet  was  intended  to  serve  three  purposes — first,  to  steady  the  muscles  during 
the  incision  ;  secondly,  to  numb  the  limb  ;  and  thirdly,  to  arrest  the  flow  of 
blood  ;  but  it  seems  to  have  but  imperfectly  succeeded  in  producing  the  desired 
results.  In  1()74,  J\[orel,a  French  Surgeon,  perfected  the  fillet  by  introducing 
a  piece  of  stick  beneath  the  band,  by  means  of  which  it  could  be  twisted  up  and 
efficiently  tightened.  To  protect  the  limb  from  being  bruised,  he  introduced 
compresses  beneath  the  band ;  and  to  ensure  the  more  complete  compression  of 
the  main  artery,  he  placed  a  rolled  bandage  along  its  course.  Beneath  the  knot, 
to  save  the  skin  from  being  pinched,  he  placed  a  piece  of  leather  or  thick 
paper.  To  this  apparatus,  he  gave  the  name  of  "tourniquet."  The  tourniquet 
in  this  primitive  form  is  still  useful,  in  the  absence  of  any  other  appliance,  for 
the  temporary  arrest  of  hfemorrhage.  A  round  pebble  or  any  hard  body  about 
the  size  of  a  hen's  egg,  may  be  rolled  in  the  middle  of  a  pocket-handkerchief 
and  laid  over  the  artery,  the  ends  of  the  handkerchief  being  knotted  round  the 
hmb,  and  then  twisted  up  tightly  with  a  piece  of  stick.  In  the  hands  of  an 
ignorant  person,  however,  the  pebble  would  perhaps  be  better  left  out,  as  if  it 
were  not  ai^plied  in  the  proper  place,  it  might  serve  merely  to  relieve  the  main 
artery  from  pressure.  The  piece  of  folded  paper  beneath  the  knot  should 
never  be  omitted,  or  the  agony  caused  by  the  pinching  of  the  skin  would  be 
more  than  the  patient  could  bear. 

The  screw  tourniquet  which  replaced  Morel's  imperfect  apparatus,  was 
invented  by  the  great  French  Surgeon  Petit  in  1718  ;  and,  although  the 
details  of  its  mechanism  have  undergone  improvements,  the  instrument  used 
in  the  present  day  is  essentially  the  same  (Fig.  18).  It  may  be  applied 
with  or  without  a  pad  over  the  artery.  If  a  pad  be  used,  it  is  best  made  of  a 
common  roller,  from  two  and  a  half  to  three  inches  wide  ;  of  this  a  few  feet 
must  be  unrolled.  The  roller  is  then  placed  longitudinally  on  the  artery,  and 
the  unrolled  part  carried  twice  round  the  limb  so  as  to  keep  the  pad  in  position, 
but  care  must  be  taken  in  doing  this  not  to  constrict  the  part  sufficiently  to 
cause  venous  engorgement.  The  tourniquet  is  then  applied,  and  the  band 
buckled  with  sufficient  tightness  to  keep  it  in  its  place  ;  but  the  instrument 
should  not  be  screwed  up  until  the  moment  of  the  operation.  It  should  then 
be  tightened  rapidlj,.  so  as  to  lessen  the  liability  to  congestion  of  the  lower 
part  of  the  limb  that  always  occurs  when  a  tourniquet  is  applied,  but  which  is 
especially  apt  to  ensue  when  the  instrument  is  slowly  screwed  up.  The  first  effect 


42  GENERAL  EEMAPdCS  ON  OPERATIONS. 

of  the  tio-htening  of  the  tourniquet  is  to  compress  the  large  A'eins  of  the  limb ;  the 
second,  to  arrest  the  flow  of  blood  through  the  arteries  :  hence  the  more  slowly 
it  is  caused  to  act,  the  greater  will  be  the  venous  engorgement  of  the  limb. 
The  blood  that  flows  from  the  limb  during  an  amputation  when  the  tourniquet 
is  applied,  as  above  described,  is  almost  entirely  venous,  coming  from  the  lower 
part  of  the  member. 

A  screw  tourniquet  may  be  equally  well  applied  without  a  pad  (Fig.  11)  ; 
but  it  is  then  necessary  to  put  a  piece  of  card,  folded  paper,  or  leather,  beneath 
the  screw  to  save  the  skin  from  being  pinched.  The  pad  has  the  disadvantage 
of  being  liable  to  slip,  and  if  not  very  accurately  applied,  it  tends  rather  to 
protect  the  artery  fi-om  pressure  than  to  compress  it  efficiently.  The  screw 
tourniquet  is  now  almost  completely  abandoned  in  favour  of  the  simple  elastic 
band.  It  is,  however,  a  useful  instrument  when  the  Surgeon  is  short  of 
skilled  assistants,  and  especially  in  such  cases  as  wounds  of  large  arteries,  in 
which  an  occasional  relaxation  of  the  toui-niquet  is  required  to  guide  the 
operator  to  the  injured  vessel. 

Compression  by  Elastic  Tubing  or  Bandage. — The  circulation  through 
a  limb  may  be  completely  arrested  by  tAvo  or  three  turns  of  an  elastic  bandage 
applied  with  moderate  firmness.  The  bandage  may  then  be  secured  by  a  knot 
or  by  a  pin.  During  the  Franco-German  War,  the  field  tourniquet  served  out 
to  the  German  army,  consisted  of  nothing  more  than  a  narrow  elastic  bandage 

about  one  inch  in  width,  and  three 
feet  long.    Esmarch,  of  Kiel,  intro- 
duced as  a  substitute  for  the  band- 
age, a  piece  of  india-rubber  tubing 
about  three-quarters  inch  in  dia- 
meter, and  2  feet  in  length,  ha\-ing 
a  hook  fixed  to  one  end  and  an  eye 
to  the  other.    This  is  stretched  and 
wound  firmly  and  rapidly  round  the 
limb  two  or  three  times.    It  often 
happens  that  the  hook  does  not 
meet  the  eye  exactly  as  it  is  wanted 
to,  so  that  either  an  extra  turn  of 
the  tube  must  be  put  round  the  limb, 
or  the  former  turns  must  be  unduly 
relaxed.    This  may  be  obviated  by  replacing  the  hook  and  eye  by  two  pieces 
of  stout  tape,  bound  on  to  the  ends  of  the  india-rubber  tube.    The  tube  can 
then  be  applied  with  exactly  the  amount  of  force  required,  and  secured  by 
tying  the  ends  of  the  tape  together.    It  must  be  remembered  that  in  applying 
the  band,  enormous  pressure  is  easily  obtained  by  a  few  turns  one  over  the 
other,  so  much  so,  that  in  situations  in  which  the  chief  nerves  lie  very  close 
to  the  bones,  as  in  the  arm,  symptoms  of  paralysis,  sometimes  lasting  for 
weeks,  are  recorded  by  Langenbeck  as  having  resulted  from  its  use.  Such 
accidents  are  more  likely  to  occur  if  the  narrow  tube  is  used,  than  if  the 
constriction  be  made  by  a  bandage.    The  latter  should  therefore  be  preferred 
where  it  can  be  conveniently  applied. 

In  certain  regions  special  plans  have  to  be  adopted  in  the  application  of  the 
elastic  tourniquet. 

In  excisions  or  amputations  of  the  shoulder,  the  india-rubber  tube  must  be 


Fig.  7.— Esmarcli's  Tourniquet  applied  to  Shoulder. 
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very  forcibly  stretched  and  applied  round  the  shoulder,  the  lower  part  of  the 
turn  being  high  in  the  axilla,  so  as  to  compress  the  artery  against  the  neck  of 
the  scapula  and  the  upper  part,  as  far  as  possible,  internal  to  the  end  of 
the  clavicle,  and  the  acromion  process.  To  prevent  its  slipping  inwards,  a  piece 
of  bandage  should  be  put  beneath  it  both  in  front  and  behind  at  the  time  it 
is  applied,  by  means  of  which  an  assistant  may  hold  it  in  position  (Fig.  7). 

In  operating  upon  the  upper  part  of  the  thigh,  the  india-rubber  tube 
must  be  of  sufficient  length  to  go  round  the  limb  and  the  pelvis.  The 
middle  of  the  tube  is  to  be  applied  to  the  front  of  the  thigh  immediately 
below  the  groin ;  the  two  ends  arc  then  to  be  carried  forcibly  round  and 
brought  up  to  the  front  again, 
where  they  cross  and  are  after- 
wards passed  round  the  pelvis 
inmiediately  below  the  crest  of 
the  iHum. 

In  amputation  at  the  hip- 
joint,  a  long  piece  of  bandage 
must  be  laid  upon  the  middle  of 
the  groin  in  the  [line  of  the  limb, 

and  a  similar  piece  behind,  over  which  the  tube  is  to  be  applied,  so  that  by 
pulling  on  the  ends  of  the  bandage  any  slipping  of  the  band  may  be  prevented 
during  the  operation.  The  middle  of  the  tube  is  to  be  placed  in  the  peri- 
neum, and  the  ends  pulled  forcibly  outwards  and  crossed  as  high  above 
the  trochanter  as  possible,  and  afterwards  carried  round  the  pelvis  immedi- 
ately beloAv  the  crest  of  the  ilium  (Fig.  9).  If  the  bandage  is  apphed  with 
sufficient  force,  it  is  quite  unnecessary  to  put  any  pad  over  the  artery.  In 
the  accompanying  figure  the  patient  is  lying  on  his  side  with  the  right  thigh 
flexed,  in  the  position  for  an  oval  amputation  at  the  hijD  joint. 

In  operations  upon  the  penis  or  scrotum,  a  piece  of  bandage  should  be  laid 

along  the  spine  behind  and 
brought  forward  to  the  scro- 
tum in  front.  The  middle  of 
the  tube  is  then  placed  in  the 
perinajum,  and  the  lower  end 
of  the  bandage  turned  up 


Fig.  S. — Esmarcli's  Tourniquet  to  Thigh. 


Fig.  9. — Arrest  of  Hremorrhage.  Operations  on 
the  Hip  Joint.  The  dotted  line  is  the  incision 
for  the  oval  amputation  at  the  hip  joint. 


Fig.  10. — Esmarch's  Band  apjilied  for 
Operations  on  the  Penis  or  iicrotuni. 


over  it.  The  ends  of  the  tube  are  then  brought  forwards  forcibly,  and 
crossed  on  the  pubes,  and  afterwards  carried  round  the  pehis  mid- way 
between  the  trochanters  and  the  crest  of  the  ilium,  passing  between  the  two 
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parts  of  the  bandag-c,  which  are  then  tied  together,  thus  attaching  tlie  loop 
of  the  tu1)e  that  surrounds  tlie  scrotum  to  the  part  wliich  passes  behind  ; 
any  shpping  of  the  tube  during  the  operation  is  thus  rendered  impossible 
(Fig.  10). 

Bloodless  Methods.  —  Various  devices  have  been  employed  for  many 
years  past  to  dimiuisli  the  loss  of  blood  during  operations  on  the  extremities, 
and  at  the  same  time  to  get  rid  of  the  blood  which  otherwise  iills  the  wound, 
and  more  or  less  conceals  the  steps  of  the  operation,  even  when  the  tourniquet 
had  been  applied.  The  oldest  of  those  is  bandaging  the  limb  firmly  to  the  level 
at  which  the  tourniquet  is  applied,  before  tightening  the  screw.    This  was 

found  not  to  Ijevery  efficient,  especially  when  a  pad 
was  used  over  the  main  artery  l)eneath  the  band  of 
the  tourniquet.  Lister  has  shown  that  the  limb 
may  be  rendered  absolutely  bloodless  by  simply 
elevating  it  as  high  as  possible  for  al)out  one 
minute,  and  then  rapidly  applying  an  elastic  band 
or  a  scrcAv  tourniquet  without  a  pad.  To  hasten 
the  emptying  of  the  blood-vessels  the  limb  may 
be  rubbed  firmly  in  the  direction  of  the  circulation 
(Fig.  11).  By  experiment  he  has  further  shown 
that  this  is  brought  about  not  only  by  the  emptying 
of  the  veins,  l^ut  by  contraction  of  the  arteries 
which  occurs  when  the  limb  is  placed  in  the  elevated 
position.  Esmarch  of  Kiel  has  attained  the  same 
result  by  applying  an  elastic  bandage  spirally  from 
the  distal  extremity  of  the  limb  uiwards  to  the 
point  at  wdiich  the  tourniquet  or  elastic  band  is 
applied  (Fig,  12).  On  removing  the  elastic  band- 
age from  below  the  tourniquet,  the  limb  will  be 
found  to  be  absolutely  bloodless,  even  the  bones 
very  frequently  yielding  no  l)lood  on  being  cut. 
With  the  exception  of  the  elasticity  of  the  skin 
and  the  retraction  of  the  muscles,  the  operation 
exactly  resembles  one  on  a  dead  body.  In  this 
state,  all  vessels  of  any  size  can  be  seen  and  tied 
before  the  tourniquet  is  removed.  On  removing 
the  tourniquet,  when  the  blood  returns  to  the 
wounded  part,  very  free  oozing  will  set  in,  which 
often  takes  some  time  to  arrest  by  means 
Fig.  ii.-Lister's  Metiioci.      of  cold  and  Gxposurc  to  the  air.    Thus  it  may 

happen  that  the  patient  loses  as  much  blood  as 
if  Esmarch's  method  had  not  lieen  employed. 

Esmarch  has,  however,  lately  adopted  a  plan  by  which  he  asserts  that  most 
operations  on  the  extremities  can  be  rendered  actually  bloodless,  lie  first 
secures  every  vessel  visible  on  the  surface  of  the  wound,  and  then,  having  put 
in  the  drainage  tubes  and  introduced  the  sutures,  he  applies  a  dressing  com- 
posed of  antiseptic  gauze  surrounded  by  cottonwool  impregnated  with  salicylic 
acid,  wdiich  is  moderately  firmly  bandaged  to  the  part.  The  limb  is  then 
placed  in  an  elevated  position,  and  finally  the  elastic  tourniquet  is  removed. 
The  elevated  position  is  maintained  for  at  least  a  half  hour  or  an  hour.    In  12 
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cases  of  amputation  aud  56  excisions  in  which  this  plan  was  tried,  it  succeeded 
perfectly.  In  148  operations  for  necrosis,  it  was  necessary  to  remove  the 
di-cssiug  on  account  of  liccmorrhao-e  in  six  cases  only. 

Various  objections  besides  the  subsequent  oozing  have  been  raised  to 
Esmarch's  bloodless  method.  It  has  been  stated  that  it  causes  sloughing 
of  the  flaps  and  increases  the  tendency  to  secondary  hiuniorrhage  after  ^large 
amputations,  by  unnaturally  augmenting  the  proportion  of  blood  in  the  body, 
and  so  giving  rise  to  increased  arterial  tensiou.  Neither  of  these  statements 
is  supported  by  experience.  A  more  rational  objection  against  it  is,  that  when 
the  limb  is  infiltrated  with  the  products  of  inflammation,  or  when  perhaps 
clots  exist  in  the  veins,  these  may  be  driven  on  into  the  circulation  by  the 
application  of  the  elastic  bandage.    Although  no  case  of  such  an  accident  has 


Fig.  12.— Esmarch's  Method. 


been  recorded,  it  would  be  safer  when  such  conditions  exist  to  empty  the  limb 
of  blood  by  the  simpler  plan  of  elevation  as  before  descriljed.  The  same  plan 
is  also  better  employed  in  cases  of  cancer  or  sarcoma,  in  which  the  danger  of 
dislodging  particles  and  driving  them  into  the  circulation  would  be  very  con- 
siderable. 

The  advantages  of  the  bloodless  method  of  operating,  especially  in  diseases 
of  bones  and  joints,  far  outweigh  any  supposed  disadvantages. 

It  is  difficult  to  say  how  long  complete  arrest  of  the  circulation  through  a 
limb  may  be  maintained  by  the  elastic  band  or  the  tourniquet  without  danger 
of  gangrene.  It  must  necessarily  vary  according  to  age.  Esmarch's  method 
has  been  used  for  about  three  houi-s  without  any  evil  result. 

Compression  of  the  Main  Arterial  Trunk  is  in  the  present  day  em- 
ployed only  as  a  temporary  expedient  l)eforc  a  tourni((uet  can  be  applied,  or 
immediately  after  its  removal,  while  a  few  vessels  before  invisible  are  being 
secured,  or  in  those  situations  in  which  the  application  of  a  tourniquet  is 
impossible.  It  is  far  safer  to  trust  to  an  instrument,  than  to  the  hands  of  an 
assistant,  however  steady  and  strong.  AVhen  the  tourniquet  is  applied  with  a 
sufficient  degi'ce  of  tightness,  the  whole  circulation  through  the  limb  is  com- 
pletely arrested.  This  can  never  be  done  by  the  compression  of  the  main 
trunk  alone,  the  collateral  vessels  conveying  blood  into  the  limb  independently 
of  it.  Then  again,  if  the  operation  be  unexpectedly  protracted  from  any 
cause,  the  fingers  of  an  assistant  may  tire  or  stiffen  ;  and,  the  steadiness  of 
their  pressure  becoming  relaxed,  haemorrhage  may  ensue.  For  these  reasons. 
Surgeons  invariably  employ  the  tourniquet  in  amputations  ;  and  even  Liston, 
who  at  one  period  of  his  career  discarded  this  instrument,  commonly  employed 
it  during  the  latter  years  of  his  life. 
The  points  chosen  for  the  compression  of  arteries  are  those  at  which  the 
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vessel  is  comparatively  superficial,  and  is  placed  over  some  bone  against  which 
it  can  be  pressed.  The  following  are  the  chief  arteries  which  the  Surgeon 
may  be  called  upon  to  compress.  _         ^  ,  . 

The  Common  Carotid  can  be  felt  pulsating  just  internal  to  the  sterno- 
mastoid,  and  is  best  compressed  by  pressing  the  thumb  directly  backwaMs 
towards  the  vertebr[e  opposite  the  cricoid  cartilage  (Fig.  13).  To  steady  the 
hand,  the  fingers  should  grasp  the  back  of  the  neck.  It  muse  not  be  forgotten 
that  if  the  pressure  be  applied  below  the  transverse  process  of  the  sixth 
cervical  vertebra,  the  vertebral  artery  will  be  compressed  at  the  same  time  as 

the  carotid.  .  .  . 

The  facial  artery  is  easily  compressed  against  the  ]aw,  where  it  lies  quite 
superficially  iimnediately  in  front  of  the  anterior  border  of  the  masseter.  The 


Fig.  13. — Compression  of  the  Carotid 


Fig.  14. — Compression  of  both  the  Facial,  right 
Temporal,  and  right  Subclavian  Ai-teries. 


fingers  may  be  placed  on  the  opposite  side  of  the  jaw  to  steady  the  hand,  and 
if  necessary,  the  fore-finger  may  compress  the  opposite  artery.  In  operations 
upon  the  nose  and  lips  the  assistant  may  stand  behind  the  patient  and  com- 
press both  vessels  while  he  holds  the  head  as  in  the  figure  (Fig.  14). 

The  temporal  artery  is  compressed  where  it  can  be  felt  pulsating  imme- 
diately in  front  of  the  ear  (Fig.  1-4). 

The  subclavian  artery  may  require  compression  in  the  third  part  of  its 
course  in  operations  in  the  axilla,  or  on  the  shoulder  joint,  or  in  amputations 
high  up  in  the  arm.  If  digital  compression  be  attempted  the  fingers  should  be 
placed  behind  the  lower  part  of  the  neck,  with  the  palm  of  the  hand  on  the  ridge 
formed  by  the  trapezius.  The  thumb  is  then  forcibly  pressed  upon  the  artery, 
where  it  lies  on  the  first  rib,  immediately  external  to  the  outer  border  of  the 
stemo-mastoid  and  opposite  the  most  prominent  part  of  the  clavicle  (Fig.  14), 
A  considerable  force  is  required  efficiently  to  compress  this  artery,  the  fingers 
of  the  opposite  hand  may  be  pressed  upon  the  thumb  which  is  upon  the  vessel. 
The  patient's  head  should,  if  possible,  be  inclined  towards  the  side  on  which 
the  artery  is  being  compressed,  so  as  to  relax  the  cervical  fascia.  As  the  force 
required  is  often  so  great  that  the  assistant  is  apt  to  become  fatigued  and  relax 
his  pressure,  it  is  often  better  to  compress  the  artery  with  some  mechanical 
contrivance.  That  most  commonly  employed  is  a  large  door-key.  The  rino- 
of  the  key  is  wrapped  round  with  a  strip  of  lint,  so  as  to  pad  it  sufficiently  to 
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prevent  it  injuring  the  patient  ;  the  other  end  is  also  well  padded  to  protect 
the  surgeon's  hand.    The  padded  ring  is-  then  pressed  forcibly  down  upon  the 
artery  in  the  situation  before  de- 
scribed (Fig.  15). 

In  cases  in  which  the  clavicle  is 
pushed  up  by  an  aneurismal  tumour, 
Syme  recommended  that  an  incision 
should  be  made  above  the  clavicle 
through  the  skin  and  deep  fascia,  so 
that  the  fingers  of  the  assistant 
might  be  brought  to  bear  almost 
directly  upon  the  vessel,  Avhich  would 
thus  be  securely  and  efiectually  com- 
pressed. 

The  brachial  artery  is  best  com- 
pressed by  grasping  the  limb  op- 
posite the  middle  of  the  arm  in  such 
a  Avay  that  the  tips  of  the  fingers 
are  placed  immediately  internal  to 
the  edge  of  the  biceps,  and  thus  press 
the  artery  against  the  bone  while  the 
thumb  rests  against  the  humerus 
The  radial  and  ulnar  arteries 


Fig.  13. — Compression  of  Subola\ian,  witli  key,  and 
Digital  Compression  of  tlie  Brachial. 


—Compression  of  tlie  Radial 
and  Ulnar  Arteries. 


on  the  opposite  side  (Fig.  15). 
frequently  require  compression  Avhile  the 
surgeon  is  searching  for  a  wounded  vessel  in  the  palm  of  the  hand ;  and  the 
assistant  must,  under  these  circumstances,  steady  the  hand  as  Avell  as  compress 
the  vessels.    He  will  best  effect  these  objects  by  grasping  the  lower  part  of  the 
fore-arm  firmly  with  both  hands,  his  fingers 
being  at  the  dorsal  aspect,  and  his  thumbs 
pressed  upon  the  arteries  immediately  above  the 
wrist  ;  on  the  radial,  at  the  point  at  which  it 
is  commonly  felt,  as  the  pulse,  and  on  the  ulnar, 
at  the  outeiJ)order.  of  the  tendon  of  the  flexor 
carpi  ulnaris  (Fig.  16). 

Compression  of  the  abdominal  aorta  is 
required  in  some  cases  of  amputation  at  the  hip- 
joint  or  high  up  in  the  thigh,  and  in  operations  for  aneurism  of  the  iliac 
arteries,  or  the  branches  of  the  internal  iliac  in  the  buttock.  The  point  at 
which  it  is  most  conveniently  compressed  is  immediately  above  its  bifurcation. 
The  bifurcation  of  the  aorta  takes  place  on  the  body  of  the  fourth  lumbar 
vertebra,  a  little  to  the  left  of  the  middle  hue  ;  superficially  this  corre- 
sponds to  a  point  a  little  to  the  left  side  of  the  umbilicus,  and  on  a  level  with  I 
the  highest  part  of  the  iliac  crest.  In  compressing  the  aorta,  therefore,  the 
pressure  should  be  applied  a  little  above  and  to  the  left  of  the  umbilicus.  In 
children,  and  very  thin  subjects,  the  aorta  can  readily  be  compressed  with  the 
hand  in  this  situation,  but  the  force  required  is  so  great  that  it  is  impossible 
for  it  to  be  maintained  for  any  length  of  time.  In  the  absence  of  any  other 
instrument,  Esmarch  recommends  the  following  plan  : — A  common  roller 
bandage  about  two  and  half  inches  wide  and  eight  yards  long  is  to  be  rolled 
round  a  stick  about  the  thickness  of  the  thumb  and  nine  inches  long.  The  pad 
thus  formed  is  held  in  the  proper  position  by  the  ends  of  the  stick,  while 
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Lister's  Ayrtii  Compressor  applied. 


several  turns  of  elastic  bandao-e  arc  passed  round  the  l)ody  so  as  to  press 
it  forcibly  against  the  spine.  After  it  is  applied  an  assistant  must  continue  to 
hold  the  pad  in  position  by  means  of  the  stick.  An  objection  common  to  this 
and  to  all  other  elastic  appliances  for  compression  of  the  aorta  is,  that  should 

the  patient  ^■omit,  the  forcible  con- 
traction of  the  abdominal  muscles  will 
almost  certainly  lift  the  pad  from  the 
aorta  and  relax  the  compression.  It  is 
better,  therefore,  whenever  possible,  to 
use  the  instrument  known  as  Pancoast's 
or  Lister's  Aortic  Tourniquet  (Fig,  17). 
This  consists  merely  of  a  large  horse- 
shoe clamp,  one  end  of  which  is  ex- 
panded and  padded  so  as  to  fit  the 
spine,  and  the  other  receives  a  scre^v 
which  presses  down  a  pad  of  sufficient 
size  to  compress  the  aorta  with  cer- 
tainty. Lister  states,  that  from  ex- 
amination of  a  considerable  number  of 
bodies,  he  has  found  that  the  aorta  is  as  often  in  the  middle  line  as  to  the 
left  of  the  spine,  and  consequently  it  is  better  always  to  feel  for  the  pulsation 
before  applying  the  pad,  taking  the  highest  point  of  the  crest  of  the  ilium 
as  the  level  of  the  bifin-cation,  and  ignoring  the  umbilicus  altogether.  If 
the  pad  be  placed  exactly  on  the  vessel,  a  comparatively  slight  amount 
of  force  is  required  to  arrest  the  flow  of  blood,  but  should  it  be  misplaced 
the  Surgeon  may  be  tempted  to  use  an  amount  of  force  which  might 
prove  injurious  to  the  soft  parts  and  intestines  beneath  the  pad.  In 
order  still  further  to  avoid  injury  to  these  parts,  it  is  well  to  place  a 
soft  hollow  sponge  beneath  the  pad.  The  instrument,  when  properly 
applied,  hiterfcres  but  slightly,  if  at  all,  with  the  flow  of  blood  through  the 
vena  cava. 

Compression  of  the  common  iliac  may  easily  be  caiTied  out  by  the 
application  of  tlie  aortic  tourniquet  over  the  line  of  the  artery,  that  is  to  say  in 
the  up])er  third  of  a  line  drawn  from  a  little  to  the  left  of  the  umbilicus  at  the 
level  of  the  highest  point  of  the  crest  of  the  ilium  to  a  point  midwav  between 
the  symphysis  pubis  and  the  anterior  superior  ihac  spine.  Richard  Da\-y,  of 
the  Westminster  Hospital,  has  invented  a  plan  of  compressing  this  artery  by 
means  of  a  straight  lever  of  wood  introduced  per  rectum,  which  usually  answers 
very  well.  The  lever  should  bo  about  two  feet  in  length,  smooth  and  round 
and  shaped  something  like  a  poker.  About  two  ounces  of  olive  oil  ha%'ino- 
been  injected  into  the  rectmn,  the  end  of  the  lever  is  introduced  to  such 
a  distance  that  its  point  comes  to  lie  o\'cr  the  artery  in  the  groove  between  the 
last  lumbar  vertebra  and  the  psoas  muscle.  By  raising  the  handle  of  the  lever 
and  bringing  it  against  the  opposite  thigh,  the  artery  is  most  efficiently  com- 
pressed, the  tissues  of  the  pcrimcum  acting  as  the  fulcrum. 

Compression  of  the  external  iliac  can  be  carried  out  with  certainty  only 
immediately  above  the  groin,  as  above  that  point  it  is  easily  pushed  over  the 
brim  of  the  pelvis  into  such  a  position  as  to  escape  pressui-e.  If  it  be  desired 
to  compress  it,  it  may  readily  be  done  either  with  the  fingers  or  b.y  placing  a 
roller  bandage  across  the  line  of  the  artery,  and  securing  it  first  by  a  few  turn^ 
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of  a  common  bandage,  j^assing  in  a  figure  of  eight  round  the  upper  part  of  the 
thigh  and  the  pelvis  below  the  crest  of  the  ihum,  over  which  must  be  put  a 
few  turns  of  an  india-rubber  bandage. 

Compression  of  the  femoral  artery  at  the  brim  of  tlie  peh'is  (Fig.  18) 
is  commonly  resorted  to  ft)r  the  temporary  arrest  of  iuvsmorrhage  from  any 
part  of  the  lower  limb.    It  is  thus  performed.    The  Surgeon  stands  by  that 


Fig.  IS. — Pressure  witli  Tlminbs.    Application  of  Tourniquet  to  Femoral  Artery. 


side  of  the  patient  on  which  the  vessel  is  to  be  compressed,  with  his  back 
towards  the  jiatient's  head  and  liis  body  inclined  over  the  pelvis.    He  then 
gi'asps  the  limb  firmly  with  both  hands,  the  fingers  of  one  hand  obtaining, 
a  hold  on  the  mass  of  the  ad- 
ductor muscles,  and  those  of  the 
other  on  the  posterior  border  of 
the  trochanter  major.    His  two 
thumbs  are  placed,  one  over  the 
other,  upon  the  artery  at  a  point 
immediately  below  Poupart's  liga- 
Iment,  and  fV^'^'tli>;„,rai''ilwftY  be- 
tween the  sympliysis  pubis  and 
the  anterior  superior  iliac  spine — 
where  the  vessel  lies  over  the  hip- 
bone.   Instrumental  compression 
in  this  situation  is  employed  only 

in  the  treatment  of  aneurism,  and  will  be  described  with  that  disease. 

The  popliteal  artery  is  too  deeply  situated  to  be  compressed  with  advan- 
tage. In  bleeding  from  a  point  below  the  knee  and  above  the  ankle,  it  is 
better  to  apply  the  pressure  to  the  femoral  artery  at  the  gi'oin. 

The  anterior  and  posterior  tibial  arteries  at  the  ankle  may  con- 
veniently be  compressed  during  an  operation  on  the  foot  (Fig.  ID),  The 
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50 


GENERAL  REMARKS  ON  OPERATIONS. 


assistant  may,  at  the  same  time,  steady  the  foot,  and  hold  it^  in  a  con- 
venient position  for  the  Surgeon.  The  limb  being  bent  at  a  right  angle, 
the  assistant  puts  the  patient's  knee  in  his  axilla  ;  he  then  grasps  the 
limb  firmly  with  one  hand  above  the  ankle,  and  with  the  finger  and 
thumb  compresses  the  vessels.  The  posterior  tibial  is  to  be  compressed  with 
the  tips  of  the  fingers  one  finger's  breadth  behind  the  internal  malleoluSj_and 
the  anterior  tibial  with  the  thumb  in  front  of  the  ankle  at  a  point  exactly 
midway  between  the  two  malleoli,  that  is  to  say,  a  little  to  the  outer  side  of 
the  middle  line. 

CONSTITUTIONAIi  EFFECTS  OF  OPERATIONS. 

Every  operation  of  any  importance  is  followed  by  a  certain  amount  of 
tramnalic  fever,  as  indicated  by  a  rise  of  temperature,  an  increased  frequency 
of  the  pulse,  and  some  degTee  of  thirst.  Such  fever,  if  moderate  and  con- 
fined within  certain  limits,  can  scarcely  be  looked  upon  as  a  morbid  condition  ; 
and  unless  it  is  kept  up  by  some  unhealthy  state  of  the  wound,  by  the  presence 
of  decomposing  matter,  or  by  pent-up  discharges,  it  completely  subsides  by  the 
third  day.  The  thermometer  is  the  only  certain  means  of  judging  of  the 
degree  of  fever.  The  pulse  is  a  fallacious  sign,  being  gi^eatly  influenced  by 
the  mental  state  of  the  patient  and  many  other  causes  ;  thirst  also  may  be 
occasioned  by  the  auEBsthetic  ;  but  the  temperature  is  an  infallible  guide.  If 
the  thermometer  remain  below  100°  F.  no  anxiety  need  be  felt  on  this  score. 

The  Local  Treatment  of  Operation-Wounds  differs  in  no  respect  from 
that  of  accidental  wounds,  and  will  be  treated  of  in  the  Chapter  on  the  treat- 
ment of  such  injuries. 

The  Constitutional  After-treatment  of  operations  demands  as  much 
attention  on  the  part  of  the  Surgeon  as  the  management  of  the  wound  itself. 
Immediately  after  the  operation,  and  before  the  effects  of  the  anaesthetic  have 
passed  off,  the  patient  should  ]3e  comfortably  arranged  in  bed,  with  the  clothes 
supported  by  a  cradle,  or  other  contrivance,  away  fi-ora  the  part  implicated ; 
an  opiate  may  then  be  administered  if  required,  or  a  little  Avine  and  water  if 
there  be  faintness,  and  the  patient  kept  as  quiet  as  possible. 

AVith  regard  to  the  Diet  after  the  operation,  this  must  depend  entirely  on 
the  patient's  constitutional  powers,  his  previous  habits,  his  age,  and  upon  the 
severity  of  the  operation.    But,  as  a  general  rule,  it  may  be  stated  that,  as  an 
operation  is  a  shock  to  the  system,  the  constitutional  powers  require  to  be 
maintained  after  its  performance.    This  is  more  particularly  the  case,  if  the 
mutilation  be  severe,  or  the  subsequent  suppuration  abundant.   If  the  patient's 
strength  be  good,  not  having  been  broken  by  previous  disease  or  sufiering,  and 
if  the  operation  be  a  slight  one,  as  the  amputation  of  a  finger  or  the  removal 
of  a  small  tumour,  he  may  have  half  his  usual  diet  allowed  for  a  few  days,  but 
Avith  httle,  if  any,  stimulant.   If  the  operation  have  been  more  severe,  but  not 
capital,  no  solids  should  be  allowed,  but  broths  and  nourishing  liquids  alone 
given  for  the  first  few  days.    If  the  operation  have  been  a  capital  one,  the 
patient's  health  and  strength  being  otherwise  good,  he  may  be  restricted  to 
farinaceous  slops  and  beef-tea  until  the  febrile  disturbance  which  always 
follows  severe  operations  has  passed  off,  after  which  some  light  pudding  may 
be  added  ;  and  the  diet  may,  as  the  case  progresses,  be  gradually  improved  by 
the  successive  addition  of  fish  and  the  lighter  kinds  of  meat,  with  a  moderate 
quantity  of  stimulants,  as  required,  until  it  reach  the  normal  standard.  It  not 
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tiufrcqueutly  happens,  however,  that  a  totally  different  course  must  be  pursued. 
It  is  not  niy  intention  to  enter  upon  the  great  question  of  the  use  and  abuse  of 
alcohol  as  an  article  of  diet.    But  as  a  medicinal  agent  in  severe  surgical  cases 
there  can  be  no  doubt  of  the  great  utility  of  alcohol  in  some  shape.    If  the 
])atient  have  been  much  reduced  by  long-continued  sup]iuration,  or  other 
depressing  causes  before  the  operation  ;  if  he  be  old  and  weakly  in  constitu- 
tion, or  have  been  in  the  habit  of  taking  a  very  considerable  quantity  of 
stimulants,  it  will  be  absolutely  necessary  to  adopt  a  tonic  and  stimulating 
mode  of  treatment.    Indeed,  in  hospital  practice  especially,  this  is  by  far 
.the  most  successful  mode  of  treating  patients  after  severe  operations ;  without 
it,  many  would  have  sunk,  whom  I  have  seen  saved  by  the  free  administra- 
tion of  large  quantities  of  brandy,  wine,  porter,  eggs,  and  beef-tea  from  the 
very  time  of  the  operation — that  stimulant  being  given  to  which  the  patient 
is  accustomed  in  a  state  of  health.    This  plan  of  treatment  is  also  one  of  the 
best  preventives  of  those  diffuse  forms  of  inflammation  that  are  so  commonly 
fatal  in  these  cases  ;  and  when  they  come  on,  I  know  no  better  remedy  than 
the  brandy-and-egg  mixture,  freely  administered.    In  all  this,  however,  the 
Sm-geon  must  be  guided  by  the  patient's  pulse,  his  previous  habits,  and  the 
strength  of  his  constitution  ;  and  nothing  requires  greater  judgment  than  the 
iidmiuistration  of  stimulants,  according  to  these  particulars.    The  temperature 
is  also  a  most  important  guide  to  the  diet  of  a  patient.    If  it  be  high,  animal 
food  must  be  avoided,  but  stimulants  need  not  necessarily  be  abandoned  ;  in 
fact  they  may  be  required  in  increased  quantity,  especially  if  with  the  fever 
ihere  is  rapidity  and  weakness  of  the  pulse.    The  great  importance  of  attend- 
ing scrupulously  to  the  general  cleanliness  of  the  patient,  and  to  the  ventila- 
tion of  the  Avard  or  room  in  which  he  is  lying,  as  the  best  means  of  preventing 
ihe  occurrence  of  unhealthy  and  spreadiiig  forms  of  inflammation,  need  scarcel/ 
be  insisted  on,  as  these  hygienic  precautions  are  universally  recognised  as  being 
of  the  firet  importance  under  such  circumstances. 

The  remote  effect  of  the  major  oi^erations  is  a  subject  that  requires  inves- 
tigation. Do  people  who'  have  undergone  any  of  the  greater  ojierations,  and 
who  have  recovered  from  the  innnediate  effects,  as  a  rule,  live  as  long  as  those 
who  have  not  sustained  a  mutilation  ?  I  am  disposed  to  think  that  they  do 
not.  When  we  reflect  on  the  enormous  number  of  persoiis  who,  before  the  age 
of  thirty,  suffer  amputation  of  one  of  the  limbs  for  injury,  it  is  remarkable 
liow  seldom  one  sees  ;in  old  person  in  a  hosjiital  or  elsewhere,  who  has  lost  a 
limb  in  early  life.  I  am,  of  course,  speaking  only  of  amputations  for  injury ; 
for  those  who  have  undergone  this  operation  for  strumous  or  malignant 
disease,  frequently  die  early  from  recurrence  of  the  coistitutional  vice  in 
other  parts  of  the  body.  So  also  with  respect  to  lithotomy.  Very  many  boys 
are  cut  for  stone  every  year  and  recover  ;  but  I  scarcely  recollect  to  have  met 
with  a  middle-aged  adult  who  had  been  operated  on  in  childhood. 

The  various  Special  Operations  will  be  considered  when  treating  of  the 
several  Injuries  and  Diseases  for  which  they  are  required ;  but,  as  Amputations 
do  not  readily  fall  under  any  special  head,  being  required  for  a  great  variety 
of  different  conditions,  it  will  be  more  convenient  to  consider  them  here. 
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CHAPTER  II. 


AMPUTATIONS  AND  BISARTICULATIONS. 

The  term  Amjmtafion  means  the  separation  or  removal  of  a  part  of  the  body. 
It  is  most  commonly  apphed  to  the  removal  of  a  limb,  but  sometimes  also  ta 
that  of  other  parts,  ;is  the  breast  or  penis. 

The  fi-C(juency  of  amputation  of  the  limbs  has  much  lessened  of  late  years  ; 
other  and  less  severe  modes  of  treatment  being  now  successfully  followed  in 
many  cases  of  diseased  joint,  of  aneurism,  and  of  compound  fracture.  Still 
amputations  are  among  the  most  frequent  operations  in  surgery,  and  will  con- 
tinue to  be  so  as  long  as  the  human  liody  is  liable  to  severe  mutilations,  to 
gangrene  of  the  limbs,  and  to  malignant  and  other  incurable  diseases  of  the 
bones  and  joints.  It  has  been  somewhat  the  fashion  to  decry  amputation ;  and 
to  speak  of  this  operation  as  an  opprobrium  to  curative  surgery.  But,  though 
no  Surgeon  can  deprecate  unnecessary  amputations  more  strongly  than  I  do^ 
I  cannot  admit  tliat  the  remo\'al  of  a  limb  is  an  operation  of  less  merit  than 
any  other  proceeding  adopted  when  all  other  means  have  failed  in  curing  the 
diseased  part,  or  in  saving  the  patient's  life  from  danger.  Surely,  it  is  rather 
a  subject  of  just  pride  than  the  reverse,  that  the  Surgeon  is  able  to  save  the 
whole  of  the  body  by  sacrificing  by  a  simple  operation  a  limb  that  has  been 
utterly  disorganised  or  spoilt  by  disease  or  injury.  In  the  performance  of 
an  amputation,  also,  much  dexterity  may  frequently  be  displayed  ;  and  there  is 
commonly  great  scope  for  surgical  skill  in  the  constitutional  treatment  of  the 
patient  both  before  and  after  the  operation. 

The  amputation  of  a  limb  is  generally  performed  through  the  continuity  of  a 
bone  ;  when  done  at  a  joint,  it  is  called  a  Dimrticulation. 

Amputation  for  diseases  of  joints,  or  for  the  immediate  eflFccts  of  injury,  is 
an  operation  of  comparatively  recent  date  ;  for  the  older  surgeons  undertook 
the  removal  of  a  limb  only  for  gangrene.    So  much  was  this  the  case,  that  in 
the  works  of  many  of  the  older  writers  the  only  mention  of  amputation  is  in 
the  treatment  of  gangrene.    Hippocrates,  who  lived  about  4()0  years  before 
Christ,  recommended  that  the  Surgeon  in  removing  a  ganuTenous  limb  should 
limit  his  incisions  to  the  dead  tissues  in  order  to  avoid  the  danger  of  bleeding, 
Celsus,  who  lived  at  the  commencement  of  the  Christian  era,  encouraged  "a 
bolder  line  of  practice.    The  operation  of  amputation  as  described  by  him  was- 
thus  performed.  A  deep  incision  was  made  to  the  bone  between  the  living  and 
dead  tissues,  encroaching  rather  on  the  living  than  leaAing  any  of  the  "dead. 
When  the  bone  was  reached,  the  sound  flesh  was  drawn  back  from  it,  and  the  saw 
applied  as  high  as  possible.    The  edges  of  the  skin  were  then  brought  down 
and  it  was  recommended  that  the  covering  should  be  lax,  that  it  might  as- 
nearly  as  possible  cover  the  bone  completely.    As,  however,  Celsus  advises  that 
the  part  which  the  skin  did  not  reach  should  be  dressed  with  lint  covered  with 
a  sponge  squeezed  out  of  vinegar,  it  is  probable  that  in  many  cases  at  least  the 
covering  was  not  sufficient  to  make  a  perfect  stump.    Celsus  was  acquainted 
with  the  use  of  the  ligature,  and  wrote  strongly  against  the  employment  of 
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caustics  for  the  arrest  of  lifemorrhagc  ;  it  is  probable,  therefore,  that  the 
vessels  were  secured  iu  an  auiputation  at  that  time  by  the  ligature,  although 
no  distinct  mention  is  made  of  it  in  the  description  of  the  operation.  In  spite 
of  this  he  tells  us  that  the  operation  was  attended  by  very  great  danger,  for 
the  patients  often  died  from  haemorrhage  or  faintings  during  its  performance, 
iind  that  it  was  justified  only  by  the  fact  that  the  cases  for  amputation  were 
such  that  it  had  not  to  be  considered  Avhether  the  remedy  was  very  safe, 
because  it  was  the  only  one  there  was.    Amputation  Avas  performed  in  this 
way,  however,  in  spite  of  its  dangers,  till  the  beginning  of  the  second  century, 
wiicn  Archigenes,  another  Roman  surgeon,  invented  the  fillet,  which  was 
bound  tightly  rouud  the  limb  to  diminish  the  loss  of  blood.    The  writings  of 
this  Surgeon  have  been  in  great  part  lost,  so  that  it  is  doubtful  what  means  he 
used  for  the  arrest  of  hsBuiorrhage ;  but,  whatever  they  were,  they  do  not  seem 
to  have  been  very  successful ;  for,  soon  after  his  time,  Galen,  who  practised  in 
Rome  during  the  later  part  of  the  second  century,  reverted  to  the  practice  of 
HipjX)crates,  recommending  that  in  amputations  the  incisions  should  be 
limited  to  the  gangrenous  tissues,  and  that  a  cautery  should  be  applied  to 
what  remained  of  the  dead  parts  after  removal  of  the  limb.    The  practice  of 
tying  arteries  also  fell  completely  into  abeyance,  the  cautery  being  almost  the 
only  means  em])loyed  for  the  arrest  of  hasmorrhage.    So  great  indeed  was  the 
fear  of  hemorrhage  that,  in  the  fourteenth  century,  Guido  di  Cauliaco  recom- 
niended  even  strangulating  the  limb  by  means  of  plasters,  and  allowing  it  to 
drop  off,  in  preference  to  any  cutting  operation.    It  was  not  till  1520  that  the 
mode  of  operating  adopted  by  Celsus  was  revived  by  Hans  von  Gersdorf  ;  but 
as  the  cautery,  or  various  more  or  less  impotent  styptics  were  still  the  only 
means  employed  to  stop  the  bleeding,  the  operation  was  too  dangerous  to  be 
undertaken  as  an  ordinaiy  mode  of  treatment.    Towards  the  latter  part  of  the 
sixteenth  century,  about  15G0,  the  use  of  the  ligature  was  re-introduced  by 
Ambroisc  Pare,  the  most  celebrated  Surgeon  of  his  time.    Amputation,  as  he 
performed  it,  was  essentially  the  same  operation  as  that  described  by  Celsus, 
and  although  the  arrest  of  bleeding  was  efficiently  carried  out  by  the  ligature, 
the  loss  of  blood  during  the  operation  was  considerable  ;  for,  though  "  tlie 
fillet "  was  bound  tightly  round  the  limb  with  the  intention  of  diminishing 
the  lucmorrhage,  it  seems  never  to  have  been  applied  with  sufficient  force 
completely  to  arrest  the  circulation.    The  instruments  used  for  seizing  the 
vessel  were  somewhat  clumsy,  and  conscquejitly  the  patient  often  lost  so  much 
blood  before  the  vessel  was  tied,  that  the  majority  of  Surgeons  continued  to 
prefer  the  cautery  or  some  styptic  for  another  century.    It  was  not  until  the 
beginning  of  the  eighteenth  centuiy  that  the  ligature  really  became  the  only 
recognised  mode  of  arresting  arterial  bleeding.    This  result  was  brought  about 
partly  by  the  discovery  of  the  circulation  of  the  blood  by  Harvey  in  1028,  but 
chiefly  by  the  invention  of  a  really  efficient  tourniquet  by  Morel  in  1G74. 
Surgeons  now  were  able  to  perform  amputations  without  the  i'ear  of  seeing 
their  patient  die  of  htemorrhage  during  the  operation,  and  from  that  time  the 
real  improvement  in  amputations  commenced. 

In  1079,  Lowndham,  an  Enghsh  Surgeon,  first  suggested  the  plan  of  cutting 
a  flap  which  could  be  made  to  cover  the  divided  cud  of  the  bone,  so  as  to  obtain 
early  union  without  separation  of  the  end  of  the  bone.  Thus  tlierc  came  to  be 
two  distinct  modes  of  amputating  a  limb,  the  circular  and  the  flap  method, 
each  of  which  underwent  gradual  development  and  improvement. 
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Amputation  Tsy  the  Circular  Method.— The  first  improvement  of  the 
circular  method  of  amputating,  made  after  the  invention  of  the  tourniquet, 
was  the  introduction  of  what  was  known  as  the  operation  "  by  the  double 
incision."    This  mode  of  operating  was  introduced  into  practice  almost  simul- 
taneously by  Cheselden,  of  London,  and  J.  L.  Petit,  of  Paris.    In  this  mode 
of  operating,  the  skin  and  fat  were  divided  by  a  circular  incision  ;  the 
assistant  then,  grasping  the  hmb,  pulled  the  integuments  forcibly  upwards,^ 
and  the  muscles  were  cut  through  to  the  bone  by  another  circular  sweep  of 
the  knife,  and  the  saw  apphed  as  high  up  as  possible.    This  method  of 
operating  did  not  aim  at  completely  covering  in  the  bone,  but  it  provided 
such  an  amount  of  covering  that  it  was  possible  for  the  stump  to  heal  com- 
pletely by  granulation,  usually  after  separation  of  the  protruding  end  of  the 
bone.    The  results  of  this  operation  were  ]iot  so  bad  as  might  have  been 
expected.    The  first  Monro,  who  wrote  in  1736,  tells  us  that  out  of  ninety- 
nine  cases  of  major  amputation  performed  by  himself  and  his  colleagues  in 
the  Edinburgh  Infirmary,  only  eight  died,  and  none  of  these  from  the  imme- 
diate effects  of  the  operation.    Monro  secured  the  vessels  by  ligature,  and 
dressed  the  raw  surface  of  the  stump  with  dry  lint,  which  remained  on  till  it 
was  loosened  by  suppuration.    A  modification  of  the  operation  by  the  double 
incision  was  introduced  by  the  French  surgeon,  Louis,  in  17G8.    He  noticed 
that  in  making  the  circular  incision  through  the  muscles,  the  retraction  of 
the  superficial  layers  w^as  greater  than  that  of  those  near  the  bone.    In  order 
therefore  to  obtain  a  higher  and  more  level  division  of  the  muscles,  he 
divided  the  superficial  layers  with  the  skin  and  fat,  and  having  drawn  them 
forcibly  upwards,  cut  the  remaining  muscle  with  a  second  sweep  of  the  knife. 
A  linen  retractor  was  applied  between  the  first  and  second  incisions,  and  in 
order  to  allow  the  muscles  to  retract  to  the  fullest  possible  extent,  Louis  was- 
inclined  to  abandon  the  tourniquet  and  to  trust  to  digital  compression  of  the 
main  arterial  trunk.    So  far,  Surgeons  had  advanced  little  beyond  the  opera- 
tion of  Celsus  ;  in  fact,  it  is  doubtful  whether  in  amputation  by  the  double 
incision,  as  performed  at  this  time,  the  bone  was  better  covered  than  in  that 
by  the  Eoman  Surgeons,  who  raised  the  soft  parts  very  freely  before  sawing. 
The  first  attempt  to  diminish  the  size  of  the  raw  surface  left  after  amputation 
Avas  made  by  Samuel  Sharp  about  1750.    He  passed  two  broad  ribbon-hke 
ligatures,  each  composed  of  eight  well  waxed  threads,  through  the  edges  of  the 
wound  about  three-quarters  of  an  inch  from  the  margin  of  the  skin,  and 
drawing  them  tolerably  tightly,  tied  them  in  a  bow-knot.    It  was  soon  found, 
however,  that  the  tension  thus  caused  produced  such  an  amount  of  pain  and 
fever  that  the  plan  was  abandoned  almost  as  soon  as  it  was  recommended. 

Between  1770  and  1780  the  great  fact  became  recognised  that  the  only  way 
to  obtain  speedy  healing  of  a  stmnp  is  to  provide  sufficient  covering  to  enable 
the  edges  of  the  skin  to  be  brought  together  over  the  end  of  the  bone,  so  as  to 
meet  easily  without  tension.  This  led  to  the  invention  of  the  mode  of 
operating  known  as  amputation  by  the  triple  incision,  wdiich  was  introduced 
into  practice  almost  simultaneously  by  Benjamin  Bell,  of  Edinburgh,  William 
Hey,  of  Leeds,  and  Alansou,  of  Liverpool.  The  two  former  performed  the 
operation  exactly  as  it  is  done  in  the  present  day  by  those  who  practise  that 
method  (Figs.  iiO  and  21).  The  skin  and  fat  were  first  divided  by  a  single 
sweep  of  the  knife  and  dissected  up  for  a  distance  equal  to  half  the  diameter 
of  the  limb  ;  the  muscles  were  then  divided  by  another  circular  sweep  of  the 
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knife  and  retracted  for  a  distance  Tai7ing  from  one  to  two  inches,  according 
to  the  thickness  of  the  limb  ;  and  tlie  bone  was  sawn  as  high  up  as  possible. 
In  the  thigh  and  leg  it  was  recommended  by  Hey  to  cut  the  posterior  muscles 


Fi^c.  20.— Amputation  f)f  Arm  by  the  Circular  Method.    Commencement  of  first  incision. 


longer  than  the  anterior,  to  allow  for  their  greater  contraction.  The  edges  of 
the  skin  were  brought  together  in  the  transverse  diameter  of  the  limb,  and  a 
stump  was  fonned  with  abundant  covering  for  the  bones,  but  necessarily  with 
some  puckering  and  projection  at  each  angle. 

The  three  incisions  which  gained  for  this  operation  the  name  of  "  the  triple 
incision  "  were  first  the  incision  through  the  skin  and  fat,  secondly,  the  incision 
through  the  muscles,  and  finally,  the  circular  sweep  round  the  bone  to  se])arate 
the  muscles  for  retraction.  The  method  adopted  by  Alanson  produced  much 
the  same  result,  the  only  difference  being  that  he  attempted  to  divide  the 
muscles  in  such  a  way  as  to  leave  a  hollow  cone  with  the  bone  at  its  apex,  by 
turning  the  edge  of  the  knife  obliquely  upwards.  This  proceeding  was  found 
by  other  Surgeons  to  be  inconvenient,  although  in  Alanson's  handsit  produced 
excellent  results. 

Amputation  by  the  Flap-Method  was  invented  in  this  countiy  by 
liOwndham,  and  was  first  described  in  a  work  by  J.  Yonge,  with  the  extra- 
ordinary title  of  "  Curi-us  Triumphahs  e  Tcrebinthino,"  published  in  1679. 
The  operation  was  at  first  performed  only  in  the  leg,  and  the  flap  which  was 
formed  from  the  calf  was  cut  by  dissection,  and  composed  chiefly  of  the 
integuments  and  subcutaneous  tissues.  In  1G96  Verduin  of  Amsterdam 
independently  invented  a  similar  operation,  but  his  method  differed  from  that 
of  Lowndham  in  the  flap  being  cut  by  transfixion,  instead  of  being  raised  by 
dissection.    Both  Lowndham  and  Verduin  hoped  to  be  able  to  arrest 
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hajmorrhag-e  by  pressing  the  flap  against  the  ends  of  the  bones  and  securing  it  by 
bandages.  The  result  was,  that  although  in  a  few  cases,  especially  in  the  hands  of 
Yonge,  who  understood  the  necessity  of  drainage,  union  by  first  intention  seems 
to  have  taken  place,  in  the  great  majority  the  discharges  were  pent  up  and 
caused  violent  inflammation.  In  consequence  of  the  unsatisfactory  nature  of  the 
results  obtained,  the  method  was  completely  abandoned  till  1739,  when  it  was 


Fig.  21. — Aiiipntation  of  the  Ann  liy  the  Circular  Method.    Sawing  the  Bone. 


re-introduced  by  a  French  surgeon  of  the  name  of  Ravaton,  who  modified  the 
■operation  by  making  two  rectangular  flaps,  one  from  each  side  of  the  limb, 
and  securing  the  vessels  by  means  of  the  ligature.    A  similar  operation  was 
performed  by  Yermale,  of  Mannheim,  in  17G7,  in  the  lower  part  of  the  thigh. 
That  the  flap  method  still  did  not  yield  very  favourable  results,  on  account  of 
the  tendency  to  accumulation  of  discharges  between  the  flaps  in  the  absence  of 
any  proper  system  of  drainage,  is  evident  from  the  fact  that  in  1765, 
O'Halloran,  "  surgeon  and  man-midwife  "  at  Limerick,  recommended  that  the 
flap  and  stump  should  be  dressed  as  separate  sores,  and  that  they  should  not 
be  brought  together  till  the  surfaces  were  covered  by  granulations.    This  plan 
did  not,  however,  find  much  favour,  and  at  the  end  of  the  last  century 
Surgeons  preferred  the  circular  amputation  in  most  cases,  the  flap  operation 
being  restricted  almost  entirely  to  the  upper  part  of  the  leg,  the  lower  part  of 
the  thigh,  and  the  distal  parts  of  the  foot.    Alanson  and  Hey,  whose  names 
have  already  been  mentioned  in  connection  with  the  circular  method  of 
amputation,  practised  and  improved  the  flap  operation  in  these  situations. 
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During  the  first  forty  years  of  this  century,  however,  the  flap-operation  came 
greatly  into  favour  in  this  country,  and  was  during  the  later  part  of  that  time 
supported  hy  the  able  advocacy  of  Listen,  Avho  invariably  amputated  by  that 
method,  and  who  certainly  did  it  with  wonderful  rapidity  and  precision. 
Amputation  by  the  double  flap  as  it  is  still  practised,  is  thus  performed 
(Fig.  '22). 

Tlie  two  flaps  may  be  made  either  by  cutting  from  without  inwards,  or  by 
transfixion — cutting  from  within  outwards.  Transfixion  is  adapted  only  to 
fleshy  parts,  as  the  thigh  or  arm  ;  but  cutting  from  without  inwards  will  be 
found  to  aiford  the  best  result,  and  is  indeed  the  only  mode  of  forming  the  flap, 
in  some  situations  in  which  the  bones  are  natm-aUy  thinly  covered,  as  on  the 


Fig.  22. — Aini)utation  of  tlic  Tliij^li.    Aiitcro-iiosterior  Flap-Oiicr.atiim.    Flaps  cut  liy  Traiisllxioii. 


dorsal  aspect  of  the  fore-arm,  the  anterior  part  of  the  leg,  or  just  above  the 
ankle-joint,  or  where  the  soft  parts  have  been  wasted  by  chronic  disease. 

The  fla])s  in  transfixion  should  be  made  by  a  steady  sweeping  cut,  so  that  the 
soft  parts  may  be  evenly  and  smoothly  divided.  Their  length  must  of  course  be 
proportioned  to  the  thickness  of  the  limb.  If  they  be  cut  too  long,  too  much 
muscle  Avill  be  left  on  the  stump,  and  the  flap  itself  is  usually  badly  fashioned 
and  pointed.  Should  the  Surgeon  feel  that  he  has  made  this  mistake,  the 
wiser  plan  will  be  at  once  to  round  oflF  the  ends  of  the  flaps.  Should  they 
have  been  cut  too  short,  the  soft  parts  must  be  forcibly  retracted,  the  bone 
cleared  by  circular  sweeps  of  the  knife,  and  sawn  as  high  up  as  possible. 
The  flap  farthest  fi-om  the  vessels,  as  that  on  the  outer  side  of  the  thigh  or 
arm,  should  be  cut  first.  In  making  the  inner  flap,  great  care  must  be  taken 
to  vvind  the  point  of  the  knife  well  round  the  bone,  so  as  not  to  transfix  and 
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split  the  vessels,  but  to  cut  them  as  long  as  possible.  As  a  general  rule,  the 
less  loose  muscle  that  is  left  on  the  stump,  the  better :  hence,  where  there  is  an 
equal  thickness  of  soft  parts  round  the  bone,  as  in  the  arm  and  thigh,  the  flaps- 
should  be  cut  short,  well  retracted,  and  the  bone  cleared  by  circidar  sweeps  of 
the  knife  as  liigh  as  necessary.  The  bone  thus  lies  at  the  bottom  of  a  deep 
hollow  beyond  the  angle  of  junction  of  the  flaps,  and  there  is  less  chance  of  a, 
conical  stump  being  left. 

In  cutting  a  flap  from  without  inwards,  it  is  of  the  greatest  importance  to 
remember  that  tlie  edge  of  the  knife  must  never  be  turned  towards  the  under 
surface  of  the  flap,  but  always  towards  the  parts  to  be  removed.  After  marking 
out  the  flap  with  the  point  of  the  knife,  the  Surgeon  takes  the  edge  of  the 
skin  lightly  bet^-een  the  finger  and  thumb  of  his  left  hand,  and  raises  it  from 
the  parts  beneath.  The  portion  of  the  flap  which  is  thus  raised  is  therefore  at 
right  angles  to  the  surface  of  the  limb,  and  the  knife  must  also  be  kept  in  a 
similar  direction,  or  its  edge  will  be  turned  towards  the  base  of  the  flap,  and 
by  scoring  its  under  surface  Avill  greatly  increase  the  dangers  of  sloughing. 
The  flap  must  be  raised  evenly  across  the  limb,  and  one  side  must  not  be 
allowed  to  get  in  advance  of  the  other.  "When  bands  of  areolar  tissue  are 
seen  passing  from  the  flap  to  the  parts  beneath,  the  operator  must  divide  these 
at  the  end  that  is  attached  to  the  parts  to  be  removed.  There  should  be  no 
hurry  about  raising  a  flap  by  dissection,  as  under  the  influence  of  anajsthetics 
the  lengthening  of  the  operation  by  two  or  three  minutes  is  a  matter  of  but 
little  importance.  It  is  better  to  spend  one  or  two  minutes  more  over  the 
opei'ation,  than  to  have  to  re-amputate  on  account  of  sloughing  of  the  flaps. 

The  simple  circular  and  the  double-flap  operations  being  thus  brought  to 
perfection  marks  the  limits  of  the  improvements  in  amputation  which  resulted 
from  the  invention  of  the  tourniquet ;  and  before  the  invention  of  angesthetics 
Surgeons  were  divided  in  opinion  as  to  which  of  the  two  methods  was  to  be 
preferred  Avhen  the  nature  of  the  case  allowed  of  a  choice.    The  advocates  of 
the  flap  operation  claimed  for  it  the  following  advantages  :  that  it  was  easy  of 
performance,  and  could  be  carried  out  with  great  rapidity,  thus  saving  pain  to 
the  patient  ;  that  the  thick  muscular  cushion  left  over  the  ends  of  the  bones 
made  a  better  covering  and  rendered  protrusion  of  the  bone  less  likely  to 
occur  ;  and  that  the  accuracy  of  fit  obtained  by  this  method  favoured  union  of 
the  flaps  by  first  intention.  The  advocates  of  the  circular  method  maintained ; 
that  the  light  covering  formed  by  the  skin  and  fat  was  less  likely  to  be  dis- 
placed by  the  involuntary  movements  of  the  muscles,  and  was  quite  as  capable 
of  uniting  by  first  intention  as  fleshy  flaps ;  and  that  protrusion  of  the  bone  was 
not  dependent  on  the  method  adopted,  but  upon  insufficiency  of  covering. 
As  long  ago  as  1783  it  had  been  pointed  oat  by  Mynors  that  the  muscular 
cushion  was  more  an  ideal  advantage  than  a  real  one ;  for  in  course  of  time  the 
muscular  tissue  in  the  flap  becomes  atrophied  and  absorbed,  until  after  a  few 
months  the  difference  in  covering  between  a  stump  formed  by  the  flap  method 
and  one  by  the  circular  is  inappreciable.    The  advocates  of  the  circular 
method  also  maintained  that  the  vessels  being  cut  transversely  retract  more 
perfectly,  and  are  less  likely  to  bleed  afterwards,  and  that  the  wound  result- 
ing from  the  operation  is  smaller  than  that  produced  by  the  flap  method.  The 
great  objection  to  the  circular  operation  was  undoubtedly  its  tediousness  and  pain- 
fulness,  and  conse(piently  the  flap  operation  became  undoubtedly  the  favourite 
with  most  Surgeons.    The  invention  of  anesthetics,  however,  left  the  Surcreon 
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free  to  consider  solely  what  method  of  amputation  furnishes  the  best  results. 
Hence  many  plans  of  operation  that  were  almost  discarded  thirty  years  ago 
have  reijained  their  ascendency,  and  flaps  are  now  most  frequently  carved  out 
by  cutting  from  without  inwards,  regardless  of  the  greater  length  of  time 
required  provided  the  result  is  more  satisfactory. 

As  a  result  of  the  thought  and  labour  devoted  to  the  improvement  of 
amputation  since  the  invention  of  ana?sthetics,  certain  general  principles  haver 
come  to  be  universally  recognised  as  guiding  the  Surgeon  in  the  performance 
of  the  operation.    These  may  be  briefly  stated  thus  : — 

1.  The  covering  must  be  sufiicient  to  meet  over  the  bone  without  the 
slightest  tension  ; 

2.  The  amputation  should  be  so  performed  that  the  scar,  when  the  stump 
is  healed,  shall  not  lie  over  the  end  of  the  bone  ; 

3.  If  possible,  a  dependent  opening  shall  be  provided  for  the  exit  of  the 
discharges  ; 

4.  That  these  advantages  shall  be  obtained  with  the  smallest  possible 
sacrifice  of  the  healthy  parts  of  the  limb. 

Each  of  these  requires  consideration  more  in  detail. 

1.  To  PROVIDE  A  SUFFICIENT  COVERING.— It  was  loug  ago  pointed  out 
by  Mynors  and  others,  that  the  standard  by  which  we  must  estimate  the 
amount  of  covering  requii'ed  is  the  diameter  of  the  limb  at  right  angles  to  the 
line  in  which  the  cicatrix  is  to  be  placed,  and  taken  at  the  point  at  which  the 
bone  is  to  be  divided.  In  operating  on  the  dead  body,  it  is  evident  that  if 
two  equal  flaps,  each  measuring  half  the  diameter  of  the  limb  at  the  point 
at  which  the  bone  is  sawn,  were  cut,  they  would  meet  accurately 
and  cover  in  the  bone  ;  but  such  flaps  in  the  living  body  would  be  totally 
inadequate  on  account  of  the  shrinking  from  the  elasticity  of  the  skin  and  the 
displacement  from  the  contraction  of  the  muscles.  Consequently,  it  is 
necessary  to  provide  another  half  diameter  of  covering  at  least,  and  in  some 
situations  even  this  amount  is  barely  sufficient.  As  an  illustration  of  the 
above  rule,  let  us  suppose  a  lirhb  is  to  be  amputated,  the  antero-posterior 
diameter  of  Avhich,  at  the  point  where  the  bone  is  to  be  sawn,  is  six  inches,  the 
necessary  diameter  and  a  half  of  covering  could  be  obtained  in  the  following' 
ways  amongst  others  : — 1.  One  long  flap  nine  inches  long  ;  2,  two  flaps,  one 
six  inches  long  and  the  other  three  ;  3,  two  equal  flaps  four  and  a  half  inches 
long  ;  4,  two  equal  flaps  three  inches  long,  and  retraction  of  the  muscles  from 
the  bone  to  such  an  extent  as  to  provide  an  inch  and  a  half  of  covering  on  each 
side  ;  5,  a  circular  incision  raising  the  skin  and  fat  for  three  inches,  and 
another  circular  cut  through  the  muscles  with  retraction  of  the  soft  parts  from 
the  bone  for  one  inch  and  a  half. 

The  general  rule  that  one  diameter  and  a  half  is  sufficient,  requires  modifi- 
cation under  various  conditions  of  the  tissues  of  Avhich  the  covering  is  made, 
and  in  various  situations.  In  very  old  people  the  skin  has  frequently  lost 
much  of  its  elasticity ;  but  it  is  not  wise  to  shorten  the  covering  on  this  account, 
as  the  tissues  being  feeble  are  less  capable  of  withstanding  the  irritating  effect 
of  tension.  In  amputation  through  chronically  inflamed  tissues,  the  retraction 
is  also  reduced  to  a  minimum  on  account  of  the  rigidity  of  the  parts  ;  but 
here  again  it  is  unwise  to  shorten  the  covering — in  fact  it  is  better  to  make  it 
a  little  longer — as  the  flaps  are  very  apt  gradually  to  shrink  during  or  after  the 
healing  of  the  stump.    In  limbs  in  which  the  muscles  have  undergone  extreme 
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fatty  degeneration,  the  retraction  caused  by  their  tonic  contraction  is  absent, 
so  that  the  minimum  co\  ering  of  a  diameter  and  a  half  is  amply  sufficient. 
In  the  lower  third  of  the  thigh  the  covering  should  ahvays  be  increased  to  two 
diameters  to  allow  for  the  very  excessive  retraction  of  the  long  flexor  muscles 
of  the  leg.  In  amputation  of  the  leg  by  the  long  calf-flap,  it  is  also  necessary 
to  provide  very  abundant  covering  to  allow  for  the  subsequent  shrinking  of 
the  muscular  tissue  Avhich  forms  the  posterior  flap. 

•2.  That  the  scar  shall  not  be  over  the  end  of  the  bone. — It  is 
evident  in  the  first  place  that  protrusion  of  the  bone  is  more  hkely  to  occur  if 
the  two  flaps  in  a  flap  amputation  meet  exactly  o\-er  its  end  ;  but  the  chief 
object  in  placing  the  scar  so  that  it  shall  be  free  from  the  bone  is  to  avoid  a 
painful  stump.  If  the  scar  in  the  skin  is  adherent  to  the  bone  it  becomes 
extremely  liable  to  ulceration  from  shght  injuries.  If  the  scar  be  placed  well 
away  fr-om  the  bone,  it  is  often  possible  in  amputations  of  the  lower  limb  for 
the  patient  to  bear  a  certain  proportion  of  his  weight  on  the  end  of  the  stump, 
which  gives  greatly  increased  steadiness  in  -walking  on  an  artificial  hmb. 

3.  That  a  dependent  opening-  is  to  be  pp.ovided  for  the  exit  of 
DISCHARGE. — May  be  stated  in  other  words  thus :  that  the  covering  of  the 
stump  shall  be  taken  chiefly  from  the  dorsal  surface  of  the  fore-arm,  and  from 
the  anterior  part  of  the  limb  elsewhere.  Perfect  drainage  is  absolutely  essential 
for  union  of  any  Avound  by  first  intention,  and  consequently  it  is  needless  to 
point  out  the  importance  of  so  arranging  the  covering  tliat  the  force  of 
gravity  shall  aid,  and  not  oppose,  the  escape  of  discharges.  In  exceptional 
cases,  such  as  in  some  of  the  amputations  in  the  foot,  the  advantages  of  the 
flap  taken  from  the  heel  or  sole  in  providing  a  covering  upon  which  the 
patient  can  bear  his  whole  weight  are  sufficient  to  counter-balance  the  difficulty 
of  drainage  that  sometimes  is  met  with  in  these  operations.  If  the  covering 
be  taken  chiefly  from  the  front  of  the  limb,  it  is  evident  that  not  only  will 
gravity  aid  in  draining  the  wound,  but  also  that  it  will  tend  to  keep  the  longer 
flap  in  its  position.  If  the  covering  be  taken  chiefly  from  liehind,  as  in  the 
transfixion-amputation  in  the  leg,  the  tendency  of  the  heavy  muscular  flap  to 
fall  backwards  can  be  counteracted  only  by  fixing  it  to  the  anterior  by  sutures 
or  strapping  ;  tension  of  the  short  flap  is  produced  and  it  may  slough  over  the 
bone  ;  any  insufficiency  in  external  support  allows  the  posterior  flap  to  fall 
away,  fluids  bag  in  the  gap,  and  speedy  union  is  impossible. 

4.  That  these  advantages  are  to  be  gained  with  the  smallest 
possible  sacrifice  of  the  length  of  the  lbib.— Exi)erience  has  shown 
conclusively  that  the  danger  of  an  amputation  increases  as  the  point  at  which 
the  bone  is  sawn  approaches  the  trunk.  No  fact  in  surgery  is  more  con- 
clusively proved  than  this.  It  is  evident  that  the  bone  can  be  sawn  at  the 
lowest  possible  point  if  the  covering  is  taken  equally  from  the  two  sides.  To 
take  as  an  example  a  liml)  the  antero-posterior  diameter  of  which  is  six 
inclics,  and  which  consequently  requires  nine  inches  at  least  of  coA'ering  lo 
form  a  good  stump,  and  supposing  the  nature  of  the  case  made  it  impossible 
to  obtain  covering  from  a  point  lower  than  the  end  of  the  bone  to  be  sawn 
through,  if  it  is  to  be  taken  equally  from  the  two  sides,  the  bone  would  be 
sawn  four-and-a-half  inches  above  its  lower  end  ;  if  from  one  side  only,  nine 
inches.  If,  lio\\  ever,  the  anterior  flap  was  five-and-a-half  inches  long  and  the 
posterior  three-and-a-half,  the  advantages  of  a  dependent  opening  and  a  scar 
removed  from  pressure  could  be  obtained  with  the  sacrifice  of  only  one  inch 
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more  bone  than  if  the  flaps  had  been  of  equal  length.  The  Surgeon  will 
therefore  adhere  to  the  rule  of  taking  the  covering  as  equally  as  possible  from 
the  two  sides  of  the  limb  only  so  far  as  is  consistent  with  the  otlier  essentials 
of  a  good  amputation — a  dependent  opening  for  drainage,  and  a  scar  away  from 
the  bone.  A  long  stump  is  more  easily  fitted  with  an  artificial  limb  and  gives 
the  patient  greater  control  over  it. 

These  essential  features  of  a  good  amputation  being  agreed  upon,  the 
questions  of  the  best  material  of  which  to  form  the  covering,  and  the  best  way 
of  raising  it,  remain  to  be  considered. 

All  Surgeons  are  now  agreed  that  too  much  muscle  in  a  flap  is  an  unmiti- 
gated evil.  The  objections  to  muscular  flaps  are,  that  they  are  heavy,  and 
consequently  liable  to  be  easily  displaced  ;  that,  supposing  any  voluntary  move- 
ment or  involuntary  jerking  or  twitching  of  the  limb  to  occur,  the  surfaces  of 
the  flaps  are  moved  upon  each  other,  and  primary  union  is  thus  prevented,  and 
that  this  is  especially  likely  to  happen  if  tlie  sharp  edge  of  the  sawn  bone  is 
in  direct  contact  with  a  muscular  flap  bent  over  its  end  ;  that  muscular  flaps 
retract  to  a  considerable  extent  after  the  operation,  and  continue  to  shrink  for 
some  time,  thus  causing  a  greater  tendency  to  protrusion  of  the  bone  ;  and, 
lastly,  that  as  in  the  end  the  muscle  completely  wastes  away,  the  idea  that  a 
muscular  flap  forms  a  better  cushion  than  one  composed  of  the  skin  and  sub- 
cutaneous fat  only  is  erroneous.  None  of  these  objections  can  be  raised  to  a 
covering  composed  solely  of  the  cutaneous  and  subcutaneous  tissues  ;  but,  on 
the  other  hand,  in  very  emaciated  subjects,  such  a  covering  is  very  thin,  and 
is  apt  to  suifer  from  the  direct  pressure  of  the  bone  against  it,  and  consequently 
in  such  cases  it  is  well  to  protect  it  by  raising  a  certain  amount  of  muscle  with 
it.  Skin  flaps  also,  if  very  long,  are  apt  to  slough,  as  their  vascular  supply  is 
somewhat  limited,  and  this  accident  is  especially  liable  to  happen  in  old  people. 
In  any  patient,  whether  young  or  old,  fat  or  thin,  sloughing  will  almost 
certainly  occur  if  the  Surgeon  turns  the  edge  of  the  knife  towards  the  flap 
instead  of  keeping  it  directed  towards  the  parts  to  be  removed.  Common  sense 
would  suggest  also  that  it  is  wise  to  thicken  the  base  of  a  flap  with  a  little 
muscle  when  possible,  if  circumstances  require  it  to  be  made  of  more  than 
ordinary  length.  If  the  covering  in  most  parts  were  made  solely  of  skin  aiul 
fat,  the  retraction  of  the  muscles  would  leave  the  bone  protruding  sharply 
beneath  the  flaps,  and  the  object  of  the  Surgeon  is  therefore  to  save  so  nmch 
muscle  that  after  full  retraction  has  taken  place  it  shall  still  be  level  with  the 
sawn  end  of  the  bone.  In  order  to  obtain  this  result,  the  proportions  usually 
sufficient  are  to  provide  one  diameter  of  covering  composed  of  the  skin  and 
subcutaneous  structures,  and  half  a  diameter  of  muscle,  or  more  if  the  retrac- 
tion is  expected  to  be  conside'ra]>le,  as  in  the  lower  part  of  the  thigh.  In  all 
cases  the  operator  should  bear  the  principles  in  mind,  and  be  guided  in  his 
performance  by  circumstances,  considering  the  age  and  state  of  health  of  the 
patient,  the  amount  of  subcutaneous  fat,  the  length  of  the  flaps,  and  the 
situation  of  the  amputation,  and  suiting  the  relative  proportions  of  skin  and 
muscular  covering  to  the  nature  of  the  case.  A  mere  mechanical  amputatoi- 
can  never  be  a  good  one. 

In  amputating  for  diseased  joints,  it  often  becomes  a  question  whether  the 
structures  covering  tlie  articulation  are  in  a  fit  state  to  be  used  in  the  forma- 
tion of  flaps.  As  a  general  rule,  it  may  be  stated  that  the  chronically  inflamed 
tissues  covering  a  diseased  joint,  even  when  perforated  here  and  there  by 
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Biniises,  form  excellent  flaps  ;  Lut  it  must  be  borne  in  mind  that,  their  vitality 
being  somewhat  lower  thau  natural,  they  must  be  carefully  handled  to  avoid 
unnecessary  bruising,  and  that  they  are  liable  to  shrink  considerably  as  the 
stump  heals,  and  consecpiently  their  length  must  be  slightly  greater  than  if 
the  tissues  were  healthy.  Such  flaps  yield  a  large  amount  of  serous  exudation 
during  the  first  few  hours  after  the  operation,  and  ample  drainage  must  be 
provided  for  this. 

The  Mode  of  Kaising  the  Covering. — This  may  be  done  by  cutting 
from  witliiu  outwards,  or  from  Avitliout  inwards — in  other  words,  by  trans- 
fixion or  by  dissection.  Most  Surgeons  now  prefer  the  latter  method,  the 
objection  to  transfixion  being  that  it  leaves  the  Surgeon  no  choice  as  to  the 
relative  amount  of  skin  and  muscle  that  he  wdll  take  in  his  flap,  and  is  con- 
sequently ill  suited  for  all  amputations  in  muscular  subjects.  Its  chief  ad- 
vantage was  its  rapidity,  and  since  the  invention  of  anesthetics  this  is  of 
little  or  no  consequence.  A  minor  advantage  is,  that  it  is  less  difficult  of  per- 
formance than  cutting  from  without  inwards,  but  the  amount  of  skill  required 
for  the  latter  is  not  such  as  to  justify  any  Surgeon  in  resorting  to  the  former 
method  on  that  account. 

The  covering,  as  before  stated,  may  be  raised  circularly  or  in  flaps.  The 
relative  merits  of  these  two  methods  have  ah'cady  been  discussed.  In  some  of 
the  modern  methods  of  amputating  about  to  be  described,  it  has  been  the  object 
of  the  Surgeons  to  combine,  as  fiir  as  possible,  the  advantages  of  both  methods 
in  one — following  the  rules  just  laid  down  as  to  the  essentials  of  a  good 
amputation. 

Amputation  by  the  Modified  Circular  Method. — In  1839,  Listen 
proposed  a  combination  of  the  double  flap  and  circular  operations,  which 


Fig.  23. — Modified  Circular  Amimtatioii  in  the  iiiiper  third  of  the  Leg. 


greatly  improved  the  shape  of  the  stump  of  the  circular  method,  and  somewhat 
increased  the  ease  of  the  operation  (Fig.  23).  Two  semilunar  incisions,  with 
their  convexities  downwards,  are  made  through  the  skui  from  side  to  side  of 
the  Ihnb :  the  flaps  are  then  dissected  up  so  as  to  expose  the  muscles  somewhat 
higher  than  the  angles  of  union  of  the  flaps  :  and  the  operation  is  completed 
as  in  the  ordinary  circular  method.  This  method  of  operating  is  especially 
indicated  in  muscular  parts,  such  as  the  arm,  thigh,  or  leg.  The  advantage  of 
this  procedure  over  the  ordinary  flap-operation  is  very  great  in  stout  muscular 
subjects. 

Amputation  by  the  Long  Anterior  Flap. — The  late  llv.  Teale  of 
Leeds,  in  1853,  invented  and  practised  a  mode  of  amputation  by  a  long 
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anterior  and  a  short  posterior  rectangular  flap.  The  long  flap  is  perfectly 
sqnare,  and  the  rule  for  its  formation  given  by  Teale  is,  that  its  length  and 
breadth  should  each  be  equal  to  half  the  circumference  of  the  limb  at  the 
place  at  Avhich  the  bones  are  to  be  sawn  (Fig.  24).  If  the  circumference  be 
12  inches,  the  length  and  breadth  of  the  flap,  both  at  its  base  and  at  its 
free  extremity  should  be  G.  The  short  flap  cut  from  the  posterior  aspect  of 
the  limb,  or  the  palmar  aspect,  if  the  operation  be  in  the  fore-arm,  is  to  be 
one-quarter  the  length  of  the  anterior  flap  ;  in  the  case  abo^•c  supposed  ib 
would  be  inches.  In  performing  the  operation  the  measurements  must  be 
carefully  made,  and  the  ontline  of  the  flaps  marked  on  the  limb  with  ink 
before  the  amputation  is  commenced.  Both  flaps  arc  to  be  made  to  include 
all  the  soft  parts  of  the  limb,  and  the  short  flap  will  always  contain  the  chief 
vessels  and  nerves.  The  bones  are  sawn  exactly  at  the  angle  of  union  of  the 
flaps,  without  any  previous  retraction  of  the  soft  parts.  After  the  vessels 
have  been  secm-ed,  the  long  flap  is  folded  over  the  end  of  the  bone,  and 


Fig.  2-1.— Lines  of  Incision  in  Teale's  Ami)utation.  Fig.  2j.— Teale's  Amputation  :  Stuuii>. 


attached  by  suture,  partly  to  the  short  flap,  and  partly  to  itself ;  thus  the  first 
quarter  of  the  long  anterior  flap  is  first  accurately  sewn  to  the  short  posterior 
flap  ;  the  remaining  part  of  the  anterior  flap  is  then  doubled  over  on  itself, 
its  free  end  being  accurately  fitted  to  the  free  end  of  the  short  flap,  and 
attached  by  sutures  ;  finally  stitches  arc  applied  where  the  terminal  part  of  the 
flap  is  in  contact  with  the  second  quarter,  as  in  the  figure  (Fig.  25).  The 
results  of  amputation  by  this  method  in  Teale's  hands  were  very  satisfactory. 
The  advantages  claimed  by  Teale  for  his  method  of  amputating  were,  that  it 
provided  an  abundant  covering  free  from  tension.    This  it  evidently  docs,  as 
the  covering  amounts  to  If  diameters  of  the  limb.    Secondly,  it  provides  a 
dependent  opening  for  the  exit  of  discharge  ;  and  thirdly,  that  when  it  is 
healed  the  cicatrix  is  behind  the  bones,  and  that  consequently  the  patient 
can  bear  the  whole  or  a  part  of  his  weight  on  the  cud  of  the  stump  ;  this  is 
especially  advantageous  after  amputation  in  the  thigh  or  leg,  when  direct 
pressure  can  scarcely  be  avoided,  and  when  a  solid  firm  stump  admitting  it  is 
of  very  essential  service  to  the  patient.    Teale  advises,  however,  that  the  whole 
pressure  be  not  borne  by  the  stump,  but  that  it  be  reduced  to  one-half,  the 
remainder  being  distributed  in  the  usual  way  on  the  upper  part  of  the  limb  : 
thus  not  only  relieving  the  stump,  but  securing  greater  steadiness  of  gait  and 
firmness  of  step.    In  the  upper  extremity,  however,  no  direct  pressure  is  made 
upon  the  end  of  the  stump  in  the  adaptation  of  artificial  limbs  ;  hence,  the 
rectangular  appears  in  these  situations  to  possess  no  advantage  over  the  other 
double-flap  methods,  so  far  as  the  utility  of  the  stump  is  concerned. 

But,  whilst  fully  admitting  the  advantage  possessed  by  the  rectangular 
method  in  the  formation  of  a  well-covered  stump,  especially  in  the  lower 
extremity,  we  must  not  close  our  eyes  to  certain  disadvantages  which  appear  to 
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me  to  be  inseparable  from  it.  One  disadvantage  consists  in  the  necessity  of 
sawing  the  bone  at  a  higher  point  when  one  long  flap  only  is  made,  than  when 
two  shorter  ones  more  nearly  equal  in  length  are  fashioned.  Thus,  for  instance, 
in  an  amputation  of  the  thigh  for  injury  about  the  knee-joint,  the  long- 
rectangular  flap  in  an  adult  would  require  to  be  about  eight  inches  in  length, 
and  the  femur  must  consequently  be  sawn  at  least  as  far  as  this  above  the 
patella  :  whereas,  in  the  ordinary  double-flap  amputation,  two  shorter  flaps, 
each  about  four  inches  in  length,  will  be  found  suflicient  to  cover  in  the  bone, 
which  may  consequently  be  sawn  at  a  proportionately  lower  point.  Thus  the 
rectangular  method  contravenes  the  principle  in  amputation,  not  to  remove 
the  limb  at  a  higher  point  than  is  absolutely  necessary,  the  danger  to  life  in- 
creasing with  every  inch  that  is  removed  :  nor  can  it  be  considered  to  be 
advantageous  in  those  cases  in  Avhicli  length  is  essential  to  the  utility  of  the 
stump  and  the  comfort  of  the  patient. 

In  amputations  for  malignant  disease,  also,  the  long  flap,  which  has  to  be 
cut  in  close  proximity  to  the  morbid  growth,  would  run  a  far  greater  risk  of 
infiltration  than  would  two  shorter  ones  taken  higher  up  in  the  limb  :  the 
bone  in  both  cases  being  sawn  at  the  same  level. 

Should  union  by  the  first  intention  fail  and  suppuration  ensue,  in  the 
rectangular  amputation  the  thick  fleshy  mass  which  enters  into  the  formation 
of  the  long  flap  becomes  a  source  of  great  inconvenience,  bulging  out  from 
under  the  skin,  and  requiring  considerable  management  in  the  after-treatment. 

For  these  reasons  the  unmodified  form  of  Teale's  amputation  is  hardly  to 
be  recommended. 

At  the  same  time  that  Teale  was  recommending  the  long  anterior  flap  in  all 
parts  of  the  body,  Garden,  of  Worcester,  was  advocating  its  employment  in  a 
form  of  amputation  invented  1)y  him  for  removal  of  the  thigh  immediately 
above  the  knee.  In  his  operation,  which  will  be  described  amongst  the  special 
amputations,  a  single  long  anterior  flap  was  made,  the  extremity  of  which 
was  rounded  in  form, 

Spence  of  Edinburgh,  who  fully  recognised  the  advantages  of  Teale's 
method  of  amputation  in  the  lower  third  of  the  thigh,  suggested  a  modifica- 
tion by  which  he  hoped  to  obtain  them  with  less  trouble  and  without  producing' 
quite  so  large  a  wound.  He  made  no  posterior  flap,  but  compensated  for  it 
by  retracting  the  soft  parts  from  the  bones  to  an  extent  equal  to  its  length. 
The  anterior  flap  Avas  to  be  made  a  little  longer  than  the  diameter  of  the  limb  ; 
and  its  angles  being  rounded,  it  was  allowed  simply  to  hang  over  the  end  of 
the  stump,  without  being  folded  upon  itself  as  in  Teale's  operation.  The 
posterior  parts  were  divided  from  without  inwards  by  a  single  sweep  of  the 
knife.  By  this  method,  however,  the  bone  was  sawn  as  high  up  as  in  Teale's 
method,  so  that  the  gain  was  not  very  great. 

In  IHGO  Lister  pointed  out  that  the  advantages  of  Teale's  method  could  be 
obtained  with  considerably  less  sacrifice  of  length  in  the  limb  by  taking  the 
covering  more  equally  from  the  anterior  and  posterior  aspects.  A  dependent 
opening  for  the  exit  of  the  discharges,  and  a  scar  placed  behind  the  bones 
may  be  obtained  in  almost  all  situations  by  making  an  anterior  flap  two-thirds 
of  the  diameter  of  the  limb  in  length,  and  a  posterior  half  that  length,  as  the 
Iwne  is  in  almost  all  parts  situated  more  towards  the  anterior"  than  the 
posterior  aspect  of  the  limb.  In  all  parts  of  the  limbs  the  flexors,  beino-  the 
muscles  with  the  longer  bellies,  retract  more  extensively  than  the  extensors  • 
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and,  consequently,  if,  when  the  operation  is  finished,  the  line  of  union  of  the 
flaps  is  to  the  flexor  aspect  of  the  bones,  it  is  quite  certain  that  the  scar,  when 
the  stump  is  healed,  will  be  in  a  similar  position.    The  method  of  operatin<>-, 
therefore,  recommended  by  Lister  as  best  suited  to  the  amputations  of  the 
forearm,  leg,  and  thigh,  is  the  following.    An  anterior  rounded  flap,  equal  in 
length  to  two-thirds  of  the  antero-posterior  diameter  of  the  limb  at  the  point 
at  which  the  bone  is  to  be  sawn,  is  raised  by  cutting  from  without  inwards. 
In  the  lower  thirds  of  the  leg  and  forearm  the  bones  form  so  large  a  propor- 
tion of  the  limb  that,  in  order  to  make  sure  that  the  scar  shall  be  placed 
behind  them,  it  is  necessary  to  increase  the  length  of  the  anterior  flap  to  the 
diameter  of  the  limb.    In  raising  the  anterior  flap  the  operator  will,  if  he 
think  fit,  try  to  take  up  some  muscle  at  the  base  of  the  flap  to  thicken  it  up 
and  so  ensure  its  vitality.    This  is  always  to  be  recommended  for  all  parts  in 
thin  or  feeble  subjects,  and  in  the  thigh  in  every  patient.    The  flap  is  not, 
however,  under  any  circumstances  to  be  too  fleshy  and  heavy.  A  posterior  skin- 
flap,  half  the  length  of  the  anterior,  is  next  raised.    The  muscles  are  then 
di\'ided  circularly  and  retracted  from  the  bone  for  a  distance  equal  to  at  least 
one  quarter  of  the  diameter  of  the  limb ;  in  the  thigh  it  is  better  always  to 
retract  for  half  a  diameter.    It  is  evident  that  in  the  leg  this  retraction  may 
be  rather  difficult,  especially  in  secondary  amputations  in  which  the  tissues 
are  swollen  and  infiltrated;  but  the  difficulty  is  easily  overcome  by  extending 
the  incision  upwards  from  the  angle  of  the  flaj^s,  either  on  one  or  both  sides 
of  the  limb,  to  the  point  at  which  the  bones  are  to  be  sawn.    This  mode  of 
amputating  combines  the  advantages  of  both  the  circular  and  flap  oi^erations ; 
it  has  the  light  covering  and  absence, of  excessive  muscle  of  the  circular,  with 
the  accurate  fit,  the  good  drainage,  and  the  well  placed  scar  of  the  flap  method. 
It  is  in  fact  a  combination  of  the  flap  and  circular  operations,  and  is,  there- 
fore, sometimes  spoken  of  as  the  "  combination  method." 

Amputation  "by  the  Oval  Method,  which  is  especially  adapted  to  removal 
of  fingers  or  toes  and  disarticulations  at  the  shoulder  and  hip,  is  essentially  a 
circular  amputation  with  a  longitudinal  incision  made  up  one  side  of  the  limb, 
to  facilitate  the  retraction  of  the  soft  parts  and  the  exposure  of  the  joint  at 
which  disarticulation  is  to  be  performed.  The  oval  form  is  given  by  rounding 
off"  the  angles  formed  by  the  junction  of  the  longitudinal  with  the  circular 
incision.  AVhen  the  longitudinal  incision  is  continued  for  some  distance 
above  the  commencement  of  the  true  oval  part,  the  operation  is  frequently 
spoken  of  as  amputation  by  the  "  racket-shaped  incision." 

Sawing  the  Bone. — In  all  methods  of  ami)utating,  as  soon  as  the  incisions 
have  l)een  made  through  the  soft  parts,  the  bones  must  be  cleared  for  the 
application  of  the  saw.  While  doing  this  the  soft  parts  must  be  firmly 
retracted  by  the  assistant  or  by  the  Surgeon  himself,  if  he  stands  so  as  to  take 
his  own  flaps.  For  the  purpose  of  retraction  the  hands  are  usually  sufficient, 
though  some  Surgeons  still  use  retractors  made  of  pieces  of  stout  calico  or 
linen.  The  retractor  must  be  about  two  inches  wider  than  the  diameter  of 
the  limb  and  about  three  feet  long.  If  there  is  only  one  bone,  one  end  must 
be  torn  into  two  tails.  The  retractor  is  soaked  in  carbolic  lotion,  and  the  two 
tails  of  the  divided  end  are  then  passed  one  on  each  side  of  the  bone  and 
slightly  crossed  on  each  other.  The  assistant  then,  taking  the  two  tails  in 
one  hand  and  the  undivided  end  in  the  other,  pulls  them  forcibly  upwards. 
If  there  are  two  bones,  the  divided  end  must  be  torn  into  three  tails,  the 
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middle  one  of  which  is  passed  between  the  bones.  Retractors  are  of  use  only 
in  circular  or  combined  flap  and  circular  amiiutations.  In  the  pure  flap 
operations  they  are  nnnccessaiy  for  retraction  of  the  soft  parts,  but  they  are 
still  of  use  in  protecting  the  muscles  from  the  teeth  of  the  saw  and  in  keeping 
the  surfaces  free  from  the  bone-dust :  for  the  laceration  of  the  deep  muscles  by 
the  saw  and  the  imbedding  of  bone-dust  in  their  substance,  interfere  seriously 
mth  union.  If  a  retractor  is  used,  the  final  clearing  of  the  bone  is  completed 
after  it  has  been  applied.  This  is  best  done,  when  there  is  only  a  single  bone, 
by  a  firm  circular  sweep  of  the  knife  from  heel  to  point  round  the  under 
segment  of  the  bone,  and  then  another  round  the  upper  surface  in  the  opposite 
direction.  If  there  be  two  bones,  care  must  be  taken  in  clearing  them  not  to 
direct  the  edge  of  the  knife  upwards  into  the  interosseous  space  higher  than 
the  line  to  which  the  saw  is  to  be  applied,  lest  any  artery  be  cut  where  it 
will,  on  account  of  its  retraction,  be  difficult  to  secure  it. 

The  bone  having  been  properly  cleared,  the  flaps  must  be  firmly  retracted,  in 
order  to  allow  the  saw  to  be  applied  opposite  the  highest  point  of  the  incision 
through  the  soft  parts.  In  order  to  saw  the  bone  quickly  and  steadily,  there 
are  several  points  deserving  attention.  The  first  cut  should  be  made  so 
as  to  form  a  deep  groove  to  receive  the  teeth  :  to  do  this,  the  heel  of  the  saw 
is  steadied  against  the  left  thumb,  which  is  pressed  on  the  bone,  and  the 
instrument  is  drawn  fairly  and  sharply  along  the  whole  line  of  its  teeth  ft'om 
heel  to  point.  The  groove  thus  formed  receives  the  edge  of  the  saw  :  and  the 
bone  may  then  be  quickly  cut  through  by  long,  light,  and  sweeping  move- 
ments of  the  instrument  fi'om  point  to  heel,  the  position  being  gradually 
changed  from  the  horizontal  to  the  vertical  as  progress  is  made.  The  assistant 
must  carefully  support  the  part  to  be  removed  ;  neither  depressing  it,  so  as  to 
sna|)  the  bone  as  it  is  weakened  by  sawing ;  nor  raising  it  so  as  to  run  the  risk 
of  locking  the  saw.  When  there  are  two  bones  of  equal  strength  in  the  limb, 
as  in  the  fore-arm,  they  should  be  cut  through  at  the  same  time ;  but  in  the 
leg,  the  fibula,  being  the  weaker,  should  always  be  first  divided.  Should  the 
division  be  made  irregularly,  and  splinters  of  bone  project,  these  must  be 
snipped  off  Avith  cutting-pliers. 

The  Arrest  of  Hsemorrhage. — After  the  limb  has  been  removed  the  first 
thing  to  be  done  is  to  restrain  arterial  liJBmorrhage.  The  vessels  are  to  be 
secured  by  some  of  the  means  described  in  Chapter  XIV.  The  means  most 
commonly  adopted  in  the  present  day  are  torsion  and  ligature  with  prepared 
catgut,  which  may  be  left  in  the  wound  without  fear  of  after-trouble.  What- 
ever means  of  arresting  htemorrhage  are  adopted,  all  vessels  visible  on  the 
surfaces  of  the  flaps  should  be  secured  before  the  tourni(iuet  is  remo\-ed,  the 
Surgeon  being  guided  by  his  anatomical  knowledge  to  the  situation  of  the 
more  important  branches.  In  addition  to  the  main  trunk,  from  two  to  four 
or  six  smaller  vessels  usually  require  to  be  secured ;  but  sometimes,  either  fi'om 
the  existence  of  malignant  disease,  or  of  extensive  suppuration  in  the  limb,  the 
stump  is  excessively  vascular,  and  a  very  large  number  of  ligatures  may  be 
required.  I  have,  in  these  circumstances,  more  than  once  had  occasion  to 
apply  between  tw.enty  and  thirty  ligatures  to  vessels  in  the  arm  and  thigh. 

Free  arterial  bleeding  will  sometimes  take  place  from  a  point  in  the  cut 
surface  of  the  bone,  in  consequence  of  the  division  of  the  trunk  of  the  nutri-  • 
ent  artery.    This  ha3morrhage  is  best  arrested  by  pressing  one  or  twO' 
strands  of  carbolised  catgut  twisted  together  into  the  canal ;  or,  if  this  should 
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fail,  it  may  be  plugged  with  a  small  piece  of  carbolised  sponge,  which  will 
become  bm-icd  in  the  stump  and  absorbed  ahnost  as  easily  as  the  catgut.  The 
old  plan  of  inserting  a  wooden  plug  with  a  wire  to  it  should  ne^•er  be  resorted 
to  if  other  means  are  available,  as  it  is  certain  to  serve  as  a  centre  of  suppura- 
tion and  causes  disturbance  of  the  wound  when  it  is  removed. 

It  is  impossible  to  take  too  great  care  in  arresting  not  only  all  arterial 
hnemorrliage,  but  all  oozing  of  blood  before  closing  the  wound.  It  is  to 
painstaking  and  patient  arrest  of  every  trace  of  bleeding  that  the  great 
success  of  some  Surgeons  in  obtaining  primary  union  is  in  part  to  be  attri- 
buted. To  have  to  open  up  the  wound  to  secure  a  bleeding  vessel  within  an 
houriof  the'operation  is  one  of  the  most  annoying  accidents  that  can  happen  to  a 
Surgeon,  and  is  most  damaging  to  the  jirospect  of  speedy  union  of  the  wound. 


I-'ijr.  L!(j.— A  Stuiiii)  showing  the  iiiofle  of  applying  Suture  and  cliiiiiiiiL^e-tulie.    A  diainago-tiilie. 

but  even  this  is  less  injurious  than  the  distension  of  the  flaps  with  a  coagulnm, 
the  result  of  oozing  which,  perhaps,  stops  just  short  of  obliging  the  Surgeon 
to  open  up  the  wound  for  its  arrest. 

Closure  of  the  Wound. — ^The  ha^moiThage  having  been  arrested,  the 
covering  is  brought  together  over  the  bone  by  means  of  sutures.  In  a  well- 
made  stump  the  covering  is  so  loose  that  no  force  of  any  kind  is  ncccssaiy  to 
bring  the  edges  together,  consequently,  adhesive  plaster  can  scarcely  ever  be 
required.  In  cases  in  which  a  strictly  antiseptic  dressing  is  being  used,  un- 
waxcd  silk  soaked  for  twenty-four  hours  in  a  l-in-20  solution  of  carbolic  acid, 
makes  the  best  sutures.  If  the  dressing  is  such  that  decomposition  of  the 
discharges  is  possible,  it  is  better  to  use  metallic  sutures,  as  they  do  not  absorb 
the  septic  matter,  and  are  consequently  quite  unirritating  if  they  are  not  tight. 
In  inserting  the  stitches,  it  is  better  to  put  in  two  or  three  very  thick  sutures, 
either  of  silk  or  wire,  at  intervals  of  about  one  inch  to  one  inch  and  a  half 
(Fig.  20).  They  should  get  a  good  hold  of  the  skin  and  fat  for  at  least  one 
inch  from  the  edge  of  the  wound.  These  bear  any  strain  that  may  arise  from 
swelling  or  retraction.  Between  them  finer  sutures  must  be  inserted,  at  in- 
tei-vals  of  about  half  an  inch,  bringing  the  skin  edges  into  accurate  apposition. 
Such  close  sewing  as  this,  however,  would  be  fatal  to  any  hope  of  union,  unless 
a  proper  exit  for  the  discharges  is  provided  for  by  drainage-tubes.  These  are 
best  made  of  indiarubber.    There  should  always  be  one  at  each  angle  of  the 
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stump,  and,  if  it  seems  necessary  from  the  size  of  the  stump,  a  third  should  be 
inserted  in  the  middle.  The  drainage  tubes  must  be  cut  level  with  the  surface 
of  the  wound,  and  above  all  it  must  not  be  forgotten  to  fit  each  Avith  a  couple 
of  threads,  one  on  each  side  of  its  orifice  to  jDrevent  its  slipping  into  the  wound 
and  being  lost  there — an  accident  which  has  frequently  happened  from  neglect- 
ing this  precaution. 

Dressing  the  Stump. — An  amputation  leaves  a  clean-cut  wound,  which 
must  be  treated  on  those  jirinciples  that  guide  the  Surgeon  in  the  management 
of  all  incised  wounds,  and  which  will  be  fully  described  in  Chapter  IX.  Tliey 
may  be  summed  up  briefly  thus  : — 1.  Removal  of  all  coagulum,  bone-detritus, 
or  other  foreign  body  ;  2.  Close  and  accurate  coaptation  of  flaps  ;  3.  Efiicient 
drainage  ;  4.  Perfect  rest  of  the  part ;  5.  Scrupulous  attention  to  cleanliness — 
the  most  perfect  cleanliness  consisting  in  the  absolute  prevention  of  decom- 
position of  the  discharges.  The  most  important  methods  of  treating  stumps, 
are,  the  antiseptic  dressing  with  carbolic  gauze  and  tiie  antiseptic  cotton-wool 
(salicylic  or  iodoform  wool)  dressing.  Good  results  have  been  obtained  by 
some  Surgeons  "with  the  so-called  open  treatment — that  is  to  say,  no  dressing 
at  all.  Among  the  best  results  are  those  obtained  by  the  late  Mr.  Callender. 
His  method  consisted  essentially  in  the  use  of  a  drainage-tube  for  from  twenty- 
four  to  thirty-six  hours,  placing  the  stump  on  a  well-padded  splint,  to  which 
it  was  bandaged,  so  as  to  prevent  all  voluntary  movement  and  disturbance  l\y 
involuntary  twitchings,  and  dressing  the  cut  edges  with  lint  soaked  in  carbolic 
acid  and  oil  and  cleansing  them  when  necessary  with  a  glass  brush  dipped  in  a 
strong  spirituous  solution  of  carbolic  acid. 

No  mode  of  dressing  will,  however,  give  good  results  unless  perfect  drainage 
is  obtained  by  the  use  of  tubes ;  aud  this  is  all  the  more  essential  in  the  present 
day  because  almost  every  Surgeon  now  washes  the  stump  with  some  antiseptic 
solution,  which,  being  necessarily  an  irritant,  increases  greatly  the  amount  of  the 
serous  discharge  for  the  first  twenty-four  hours  ;  and  the  old  ligature  with  its 
ends  hanging  from  the  wound  being  almost  completely  abandoned,  that  source 
of  drainage  has  disappeared.  The  amount  of  rest  that  a  stump  gets  depends 
greatly  upon  the  skill  with  which  it  is  handled  by  the  Surgeon  at  the  dressing. 
The  stump  should  be  supported  on  a  pillow,  and  the  weight  of  the  bed-clothes 
taken  oflT  by  a  cradle  ;  or  should  the  covering  l)e  composed  of  heavy  muscular 
flaps,  it  may  advantageously  be  placed  on  a  well-padded  wire  splint. 

In  some  cases,  although  the  flaps  may  appear  abmidant  at  the  time  of  the 
operation,  the  retraction  may  much  exceed  that  which  was  anticipated,  and  a 
wide  granulating  surface  may  be  left  after  the  deep  parts  have  healed.  This 
is  most  conmion  in  amputations  in  the  thigh  by  antero-posterior  flaps.  If  the 
flaps  have  really  been  of  sufficient  length,  this  will  usually  remedy  itself,  the 
contraction  of  the  granulating  sore  gradually  bruiging  the  skin  edges  together 
again.  The  healing  of  the  stump  under  these  conditions  is  hastened  by  apply- 
ing weight  extension,  which  is  done  thus  :  a  piece  of  diachylon  plaster  is  cut 
of  suflicient  length  to  reach  to  the  next  joint  above  the  amputation  on  the 
anterior  and  posterior  aspects  of  the  limb,  and  to  form  a  loop  extendino-  at 
least  one  foot  beyond  the  end  of  the  stump.  Its  Avidtli  at  each  end  must  be 
nearly  half  the  circumference  of  the  hmb,  and  in  the  middle  it  may  be  some- 
what narrower.  The  plaster  is  well  warmed  and  applied  to  the  stump,  and 
surrounded  by  a  few  turns  of  a  bandage,  made  of  the  best  elastic  Welsh  flannel 
A  wide  "  spreader,"  made  of  a  piece  of  wood  with  a  hole  in  it  for  the  rope  whicli 
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supports  the  weight  to  pass  through,  is  then  put  into  the  projecting  loop  of 
plaster.  The  spreader  saves  the  end  of  the  stump  from  being  squeezed.  The 
weight  is  then  applied  over  a  pulley  in  the  same  way  as  is  described  and  figured 
under  the  treatment  of  fracture  of  the  femm-.  The  results  of  this  treatment 
are  most  satisfactory,  especially  in  the  lower  third  of  the  thigh. 

In  most  cases  the  stump  is  benefited  by  the  application  of  a  bandage  to 
support  and  mould  it  during  the  final  stage  of  cicatrisation  ;  and  as  a  general 
rule,  it  will  be  found  that  a  narrow  roller  will  adapt  itself  better  than  a 
broad  one.  After  cicatrisation  is  completed,  the  patient  should  be  allowed 
to  go  about  on  crutches,  but  must  not  wear  an  artificial  limb  for  some 
months,  until  the  parts  have  become  firmly  consolidated  ;  during  the  whole 
of  this  time  the  stump  should  be  kept  carefully  bandaged,  and  not  exposed 
to  injury. 

In  performing  an  amputation,  the  i^reparations  directed  on  page  37  must 
be  accurately  carried  out.    The  Surgeon  must  himself  see  that  the  Ampu- 
tating Instruments  are  in  proper  order,  and  of  good  construction.  For 
the  smaller  amputations  the  Surgeon  will  require  straight  bistouries,  narrow 
or  broad  in  the  blade,  according  to  the  size  of  the  part  to  be  removed. 
Scalpels,  also,  not  too  broad  in  the  blade,  are  useful  in  cases  in  which  the 
bistoury,  from  its  length,  might  be  inconvenient.    Cutting-pliers,  Avith  long 
and  strong  handles  and  short^blades,  either  straight  or  curved  as  may  be  most 
convenient,  are  especially  required  in  amputations  about  the  hands  and  feet. 
The  knives  for  the  larger  amputations  should  have  smooth  ebony  handles,  and 
be  well  balanced.    The  back  of  the  blade  should  run  straight  to  the  point,  and 
be  well  rounded.    The  edge  should  taper  off  towards  the  point,  with  a  good 
convexity.    The  breadth  of  the  blade  should  be  from  three-fifths  to  two-thirds 
of  an  inch,  and  its  length  should  be  proportioned  to  the  size  of  the  limb  to  be 
removed.    In  operating  by  transfixion  in  order  to  make  a  good  sweeping  cut, 
so  as  to  form  a  well  rounded  and  smooth  flap,  the  blade  should  as  a  general 
rule,  be  about  equal  in  length  to  double  the  diameter  of  the  limb.  For 
raising  the  flaps  by  dissection  many  Surgeons  prefer  shorter  knives.    The  saw 
should  be  strong  in  the  blade  and  back,  so  as  not  to  bend  in  cutting.  The 
blade  must  be  of  good  breadth,  and  its  teeth  must  be  well  set  so  that  it  shall 
not  hang  as  it  works  its  way  through  the  bone.    Artery-forceps  of  the 
ordinary  bull-dog  kind,  and  torsion-forceps  will  be  requked  ;  and  some  half 
dozen  of  Spencer  Wells's  forceps  should  always  be  ready  for  the  temporary 
arrest  of  hemorrhage  from  the  smaller  branches  while  the  larger  are  being 
secured. 

Simultaneous  or  Rapidly  Consecutive  Amputation  of  Two  Limbs, 
requiring  remo^'al  for  severe  injury  or  for  gangrene,  has  occasionally  been 
successfully  practised,  either  by  two  Surgeons  performing  the  two  amputations 
at  the  same  time  ;  or  by  the  same  Surgeon  doing  first  one  and  then  the  other, 
the  vessels  of  the  first  limb  being  secured  by  an  assistant  whilst  the  second 
limb  is  being  removed.  The  circulation  through  both  lower  extremities 
may  be  comj^letely  arrested  by  compressing  the  aorta  with  Pancoast's 
tourniquet.  By  means  of  this  valuable  instrument,  I  have  amputated  both 
thighs  in  close  succession  without  waiting  for  the  ligature  of  the  arteries  in 
that  which  Avas  first  removed.  The  object  in  two  simultaneous  amputations 
is  to  lessen  the  continuance  of  shock  to  the  system,  by  throwing,  as  it  were, 
that  of  the  two  operations  into  one.    In  doing  this,  however,  the  Surgeon 
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iimst  necessarily  be  ouiJed  hy  the  circumstances  of  the  case.  If  the  patient 
were  very  greatly  depressed,  tlie  infliction  of  so  seN'ere  an  injnry  as  a  double 
amputation  might  i)i-obably  extinguish  life  at  once  ;  and,  if  it  were  possible  to 
wait  after  the  removal  of  the  first  limb,  until  the  shock  of  the  operation  had 
passed  off,  before  the  second  Avas  amputated,  it  might  be  desirable  to  do  so  ; 
but  if  the  patient  were  not  too  much  depressed,  the  simultaneous  or  rather 
i-apidly  consecutive  double  amputation  would  probably  be  the  safer  course. 

STU1.IPS. 

On  examining  the  structure  of  a  stump  after  one  or  two  years  ha^'e  elapsed 
from  the  time  of  its  formation,  it  will  1)0  found  to  be  composed  of  a  inuss  of 
fibro-cellular  tissue,  any  nuiscular  substance  which  may  have  entered  into  its 

formation  having  completely  atrophied  and  disappeared. 
Any  tendons  which  may  have  been  divided  will  be  either 
lost  in  the  fibrous  tissue  of  the  scar,  or  will  be  found 
to  have  formed  new  attachments  to  the  bones.  The 
end  of  the  bone  is  rounded  and  the  medullary  canal  closed, 
liy  a  layer  of  compact  bone.  The  vessels  are  obliterated 
as  high  as  the  nearest  branch  and  converted  into  fibrous 
cords.  The  ends  of  the  nerA'es  are  thickened,  and  com- 
moidy  assume  a  bulbous  form  (Fig.  27).  On  examining- 
these  rounded  or  oval  tumours  they  will  be  found  to 
be  composed  of  fibrous  tissue,  among  Avhich  arc  great 
^  "  numbers  of  new  ner-\-ous  fibrilke  twisted  and  rolled  upon 
■'■i;frSumi,?*  each  other  in  all  directions. 

The  jDroper  adaptation  of  Artificial  Limbs  is  a 
matter  of  considerable  consequence  ;  and  the  ingenious  contrivances  tliat 
are  at  the  present  day  applied  to  stuuips,  leave  little  to  be  desired.  The 
Surgeon  had  better  leave  the  details  of  these  mechanical  contrivances  to 
the  instrument-maker  ;  but  he  should  see  that  they  are  made  light,  con- 
sistently with  sufficient  strength  and  support,  and  that  the  end  of  the 
stump  is  never  injuriously  pressed  upon  by  them.  Thus,  after  amputation 
of  the  thigh,  the  artificial  limb  should  take  its  chief  bearing  point  from  the 
lower  part  of  the  pelvis  and  hip.  In  amputation  immediately  below  the 
knee,  this  joint  should  be  bent  and  received  into  the  socket  of  the  instrument : 
and,  if  the  amputation  be  at  a  lower  point  than  this,  and  the  stump  be  extended 
into  the  artificial  limb,  its  end  must  be  protected  from  injurious  pressure. 

In  all  amputations  of  the  lower  limb  in  which  the  Surgeon  has  succeeded  in 
producing  a  satisfactory  loose  covering,  not  adherent  to  the  bone,  and  with 
the  scar  well  behind  it,  the  patient  should  be  encouraged  to  bear  part  of  his 
weight,  at  least,  directly  on  the  end  of  the  stump.  Not  only  docs  this  gixa 
increased  steadiness  in  walking,  but  it  is  said  to  diminish  the  tendency  to 
excessive  atrophy  of  the  soft  parts  which  sometimes  occurs  in  old  stumps. 
The  plan  recommended  by  Teale  of  gradually  accustoming  the  end  of  the 
stump  to  bear  pressure  will  be  found  most  satisfactory.  The  patient  must 
prepare  a  number  of  circular  pieces  of  flannel  of  the  same  diameter  as  the 
socket  of  the  artificial  limb.  He  first  puts  in  a  sufficient  number  of  these  to 
form  a  pad  just  touching  the  stump— after  this  he  adds  one  daily  till  the 
stump  becomes  accustomed  to  bear  the  necessary  degree  of.  pressure.  In  all 
amputations  through  the  knee  joint  or  condyles  of  the  femur,  and  in  Symes 
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Fii;.  'JO. — Kxtreine  case  of  Conical 
Stump. 


or  Pirogotf 's  ampntation  at  tlic  ankle,  the  patient  should  ])e  ablo  to  boar  bis 
whole  vveight  on  the  stump  without  difficultv. 

Morbid  Coxditioxs  of  Stumps.— Septic  osteo-niyelitis,  that  is  to  say, 
septic  inflammation  of  tlie  medulla  of  the  bone,  when  the  canal  has  been 
opened  in  renio\-ing-  the  limb,  is  one  of  the  most  serious  accidents  that  can 
happen  after  an  amputation.    It  most  frequently  occurs  during  the  second  or 
third  week  after  the  operation. 
The  symptoms  and  pathology 
are  fully  described  in  the  Chapter 
on  Diseases  of  Bone.     It  ^vas 
formerly   a  frequent   cause  of 
pyicmia.    AVith  the  present  im- 
proved treatment  of  amputation 
wounds  it  has  become  excessively 
rare. 

Necrosis. — It  not  unfrequent- 
ly  ha])i)ens  that  a  small  scale  of 
bone  which  has  been  injured  by 
the  saw  dies,  and  is  separated 
some  three  or  four  weeks  after 
the  operation.  This  occurs  most 
frequently  in  those  stumps  wliicli 
unite  bv  second  intention,  and  in 

which  the  bone  coTiseijuently  lies  bathed  in  pus  for  a  con- 
siderable time.  It  is  to  be  prevented  by  adopting  such 
ineans  of  dressing  as  sliall  ensure  union,  at  any  rate  of  the 
deeper  parts,  by  first  intention,  and  the  chances  of  its 
occurrence  are  reduced  to  a  minimum  if  decomposition  of 
the  discharges  is  prevented.  Gi-eat  care  must  also  be  used 
in  sawing  the  bone  not  to  denude  it  needlessly  of  its  periosteum. 

More  extensive  necrosis  used  to  be  a  frequent  consequence  of  septic  osteo- 
myelitis, where  the  i)atieut  escaped  the  fatal  complication  of  pya3mia,  but 
under  the  improved  systems  of  dressing  it  is  comparatively  rare.  In  such 
cases  fistulous  openings  will  be  left  leading  down  to  the  necrosed  bone,  which 
usually  sejia rates  three  or  four  months  after  the  operation,  after  which  the 
stump  becomes  firmly  consolidated.  The  sequestrum  in  such  cases  presents 
the  following  apjiearances  :• — the  lower  part  is  thick  and  annular,  and  includes 
tlie  wdiole  thickness  of  the  bone.  It  is  smooth  externally,  where  it  has  been 
covered  by  the  periosteum.  About  an  inch  or  less  ab()^■e  this  it  becomes 
thinner,  is  composed  of  the  innennost  part  of  the  bone — that  which  surrounds 
the  medullary  canal — and  it  is  roughened  externally,  where  it  has  separated 
from  the  adjacent  healthy  bone ;  above  this  it  is  spiculated  and  very  irregular, 
becoming  gradually  thinner  (Fig.  28).  The  part  of  the  bone  which  escapes 
necrosis  is  inflamed,  and,  as  a  consequence  of  osteo-plastic  periostitis,  new  bone 
is  deposited  a])U]idantly  on  its  surface,  leading  to  a  great  increase  in  its  thick- 
ness, which  can  be  recognised  I'eadily  through  the  soft  parts. 

Conical  or  "Sugar-loaf"  Stumps,  as  they  are  called,  commonly  form, 
either  in  consequence  of  tlie  flajjs  having  originally  been  cut  too  short,  or  from 
the  bone  not  having  been  sawn  off  sufficiently  high  above  the  angle  of  the  flaps  : 
but  in  other  cases  they  may  occur,  though  the  stump  has  been  skilfully  fashioned, 


Fig.  'iS. — Xecrosfd  end 
of  Femur  from  Stump. 
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in  consequence  of  tlie  soft  purts,  wliicli  have  been  tlie  seat  of  inflammation 
and  suppuration  before  the  amputation,  retracting  during  the  granulating  pro- 
cess so  as  to  denude  the  bone.  In  such  cases  as  these,  great  retraction  and 
contraction  of  the  flaps  are  apt  to  go  on  during  cicatrisation,  so  that  the  bone 
may  never  be  covered  at  all,  but  be  exposed  at  the  bottom  of  an  irritable 
ulcer  ;  or,  if  the  soft  parts  do  coalesce,  the  cicatrix  will  be  unable  to  support 
the  slightest  pressure  without  becoming  ulcerated.  In  these  circumstances,  the 
only  remedy  consists  in  laying  open  the  stump,  and  cutting  off  about  three 
inches  of  the  bone. 

The  patient,  wliose  stump  is  rei">resented  in  the  accompanying  figure  (Fig.  29), 
was  under  the  care  of  Christopher  Heath  in  University  College  Hospital.  The 
arm  had  been  amputated  in  the  bush  in  South  Africa.  Tlie  j)rotruding  bone 
was  completely  covered  by  a  thin  cicatrix. 

Aneurismal  Enlargement  of  the  arteries  of  a  stump  is  extremely  rare. 
The  only  case  of  disease  of  the  vessels  wrth  which  I  am  acquainted  is  one 
described  by  Cadge,  in  which  an  aneurismal  A  arix  between  the  posterior  tibial 
artery  and  veins  formed  in  a  stump  after  disarticulation  of  the  anklc-jomt 


Fig.  30. — Anoni'ismal  Varix  in  Stiuii]). 


Painful  and  Spasmodic  Stumps. — The  nerves  in  a  stump  naturally  be- 
come somewhat  expanded  and  bulbous  ;  and  no  material  inconvenience  results 
from  this  condition.  But  it  occasionahy  happens  that  a  distinct  tuberose 
enlargement  forms  in  connection  with  one  of  them,  and  attains  the  size  of  a 
cherry  or  a  walnut ;  and,  this  being  pressed  against  the  end  of  the  bone,  the 
stump  becomes  the  seat  of  intense  pain  of  a  neuralgic  cliaracter,  more  particu- 
larly whenever  it  is  touched,  when  a  sensation  like  an  electric  shock  is  felt.  In 
such  circumstances,  excision  of  this  bulbous  extremity  of  the  nerve,  or  resection 
of  the  stump  so  as  to  remove  the  end  of  the  bone  and  the  whole  of  the  cicatrix, 
is  necessary,  and  will  effect  a  cure.  Sometimes  a  nervous  twig  may  become 
implicated  in,  and  compressed  by,  the  cicatrix.  Here  a  more  limited  excision 
will  remove  the  pain.  Besides  this  form  of  painful  stump,  which  may  happen 
in  the  strongest  and  healthiest  subjects,  and  is  entirely  dependent  on  local 
causes,  there  is  another  condition  in  which  the  stump  becomes  not  onlv  the 
seat  of  intense  pain,  but  of  continuous  convulsive  twitchino-s.  This  form  of 
painful  stump  arises  partly  from  constitutional  causes,  and*^  most  frequently 
occurs  in  females,  more  particularly  in  those  who  are  of  the  hysterical  tempera- 
ment, and  are  or  have  been  subject  to  neuralgic  pains  elsewhere.  In  these  cases 
the  general  cutaneous  sensibility  of  the  stump  is  increased  :  it  is  the  scat  of 
convulsive  jerkings  or  twitchiugs,  and  the  pain  is  more  or  less  intermittent 
bemg  increased  under  the  influence  of  various  emotional  and  constitutional 
causes.    In  such  cases,  the  treatment  should  be  conducted  on  the  o-eneral 
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principles  that  will  be  fully  discussed  when  we  conic  to  si)eak  of  neuralgia. 
Xo  excision  of  the  nerves  of  the  stump,  or  even  amputation  higher  up,  is  of 
any  avail ;  the  disease,  being  constitutional,  will  certainly  return  in  each  suc- 
cessive stump,  until  at  last  the  shoulder  or  the  hip  may  be  reached  without 
any  permanent  benefit  to  the  patient. 

Occasionally  after  amputation  a  condition  of  chronic  or  subacute  neuritis, 
with  sclerosis  of  the  nerve,  is  set  up,  which  has  a  tendency  slowly  but  steadily 
to  extend  upwards,  involving  new  nerves  as  it  goes,  and  finally,  perhaps,  lead- 
ing to  changes  in  the  spinal  cord  itself.  The  symptoms  and  treatment  are 
those  of  chronic  neuritis,  which  will  be  fully  described  under  Injuries  of 
Xerves. 

Recurrence  of  the  Disease  for  which  the  Amputation  was  per- 
formed is  not  of  nnconnnon  occurrence  in  cases  of  strumous  diseases  of  bones 
and  in  malignant  tumours.  In  the  former  case,  amputation  higher  up  may  be 
advantageously  performed  ;  but  in  the  latter,  it  is  justifiable  only  when  there 
is  no  evidence  of  secondary  growths  in  internal  organs  or  in  the  lymphatic 
glands. 

Fatty  Degeneration  of  the  muscles  of  a  limb,  arising  from  their  disuse, 
gives  rise  to  a  peculiar  appearance  in  the  stump.  During  the  amputation,  the 
muscles  look  like  pieces  of  yellow  wax,  and  are  firm :  no  atrophy,  so  far  as  size 
is  concerned,  has  taken  place  :  the  fat  being  deposited  between  the  muscular 
fibres,  producing  atrophy  of  them  by  itS  pressure  and  occupying  their  place, 
so  that  the  general  size  of  the  limb  and  fulness  of  the  stump  are  preserved. 
Union  takes  place  in  these  circumstances,  though  somewhat  slowly  ;  at  least, 
^.his  has  occurred  in  several  cases  in  which  I  have  observed  this  condition. 
1\\  one  of  these  I  amputated  tlie  leg  for  disease  of  the  foot  of  nine  years' 
standing,  and  in  another  the  thigh  for  disease  of  the  knee  of  fourteen  years' 
standing. 

MORTALITY  AFTER  AMPUTATION. 

The  general  causes  of  death  after  operations  haA'c  already  been  considered  ; 
but  we  must  now  examine  some  special  points  connected  with  the  relative 
mortidity  after  amputations  of  different  kinds,  and  the  cause  of  the  differences 
that  exist. 

Before  commencing,  however,  it  would  be  better  in  order,  as  far  as  possible, 
to  a\oid  ambiguity,  to  mention  and  define  the  chief  causes  of  death  after 
amputation. 

Shoch  is  exhaustion  of  the  ner\'ous  centres,  the  result  of  violent  over- 
stimulation by  the  powerful  afferent  impulse  which  arises  from  the  injury  done 
to  the  sensory  nerves,  either  by  the  knife  in  amputation  or  by  the  injury 
which  rendered  the  operation  necessary.  Death  usually  occm'S,  in  fatal  cases, 
under  twenty-four  hours. 

Collapse  is  identical  with  very  severe  shock. 

Secondary  lurmorrhayo,  as  a  cause  of  death  after  imiputations,  is  usually 
limited  to  those  cases  in  which  the  bleeding  occurs  more  than  twenty-four 
hours  after  the  operation. 

Sloughiny  of  the  shimp  from  amputating  through  injured  or  diseased  tissues 
is  an  occasional  cause  of  death. 

Septic  Diseases. — This  term  is  here  used  to  include  all  those  affections  which 
are  connected,  directly  or  indirectly,  with  decomposition  of  the  discharges  from 
the  amputation  wound,  and  the  contamination  of  the  air  from  the  accumulation. 
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of  too  maiij  ])aticiits  snffci-ing  from  open  woniids  in  too  confined  a  space.  The 
chief  varieties  are  •—P^jmiiia,  a  general  disease,  resnlting  from  infection  of  the 
whole  body  from  the  niihealthy  discharge  of  a  foul  wound,  and  accompanied  liy 
secondary  inflannnations,  terminating  in  suppuration,  in  various  internal  organs 
and  other  parts  of  the  body;  Sq^iicci'mia,  a  similar  condition,  terminating  fatally, 
Avithout  the  occin-reucc  of  secondary  local  inflannnations  or  abscesses  ;  tSe2)hc 
Fomniiui,  due  to  the  absorption  of  the  chenn'cal  products  of  putrefaction  ; 
TraHmatic  Fever,  which  is  a  inild  form  of  septic  poisoning ;  Hospital 
Gangrene,  an  acute  spreading  inflammation,  terminating  I'ajjidly  in  death  of 
the  affected  jiart :  Erysipelas,  an  infectiA  C  inflammation  of  a  specific  natui-e, 
spreading  widely  from  the  wound  and  accompanied  by  gra\-e  constitutif)nal 
disturbance.  All  these  diseases  arc  to  he  attributed  directly  to  foul  wounds 
and  over-crowding. 

The  Congestive  pieumonia  often  mentioned  as  a  cause  of  death  after  ampu- 
tations, is  most  probably  always  an  effect  of  septicaemia,  pyamiia,  or  septic 
poisoning. 

Lastly,  one  of  the  commonest  cause  of  death  in  Hospital  reports  is  Exhaus- 
tion. This  term  is  used  with  excessive  looseness.  Some  Surgeons  seem  to- 
employ  it  occasionally  as  even  synonymous  with  shock  or  collapse.  In  the 
majority  of  cases,  however,  it  really  means  that  the  patient  is  gradually  worn 
out  by  the  profuse  discharge  from  a  suppurating  wound,  combined  with 
chronic  poisoning  by  the  absorption  of  the  chemical  products  of  putrefaction. 
In  others  it  means  that  the  patient  died  from  the  effects  of  severe  traumatic 
fever,  of  septic  origin,  commencing  on  the  second  day,  before  he  had  fidly 
rccoAcred  from  the  shock  of  the  operation.  It  doubtless  covers,  therefore, 
many  conditions  Avhich  should  fairly  be  included  amongst  septic  diseases. 

Shock  is  a  frequent  cause  of  death  after  primary  amputations  of  the  larger 
limbs ;  but  till  quite  recently  pyaemia  Avas  the  most  frequent  cause  of  death 
after  all  amputations,  nearly  one  half  of  the  patients  that  died,  perishing  from 
this  disease.  Bryant,  in  185!),  has  shown  that,  at  Guy's  Hospital,  it  was. 
fatal  in  ten  per  cent,  of  all  amputations,  and  in  forty-two  per  cent,  of  fatal 
cases,  and  that  it  was  most  fre(pient  after  amputations  through  limbs,  the 
tissues  of  which  were  in  a  normal  condition,  and  where  a  large  surface  of 
healthy  bone  was  exposed,  as  in  amputations  for  injury,  and  in  the  removal  of 
limbs  for  tumours,  tali]ies,  ankylosis,  &c.  It  was  not  so  common  after  ampu- 
tations performed  for  chronic;  joint-disease. 

The  circumstances  which  more  specially  influence  the  general  result  of  am- 
putations, as  well  as  the  particular  cause  of  death  after  the  operation,  may  be 
di\'ided  into  two  classes  : — a.  Those  that  have  reference  to  the  general  consti- 
tutional condition  of  the  patient.  /3.  Those  that  are  connected  with  the 
operation  itself. 

a.  To  the  first  class  may  be  referred  1,  Age  ;  2,  General  Health  ;  ?y,  Shade ; 
and  4-,  Septic  Diseases. 

1.  Age  exercises  an  important  influence  on  the  result  of  amputations.  As. 
a  general  rule  it  may  be  stated  that,  the  younger  the  ])atient,  the  greater  the 
likelihood  of  a  successful  result.  At  an  early  period  of  life  there  is  a  greater 
power  of  resisting  the  effects  of  poisoning  by  septic  matter  and  of  loss  of 
blood.  The  feebler  tissues  of  old  people  inflame  and  slough  more  readily  than 
those  of  younger  individuals,  Avlien  exposed  to  the  irritation  of  decom'posino- 
matter.  The  introduction  of  the  antiseptic  treatment  of  wounds  has  however* 
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greatly  redutvd  the  daiig-crs  of  amputations  after  middle  life.  A'olkmanii  of 
Halle  has  published  the  results  of  48  cases  of  major  ami)utatious  performed  iu 
patients  above  50  ycai-s  of  age.  He  excludes  front  consideration  all  cases  iu 
which  the  amijutation  was  performed  during  septicicmia,  all  double  amputa- 
tions, and  some  few  cases  in  which  the  patient  died  of  causes  independent  of 
the  operation.  Of  the  48  only  2  died  ;  1  of  tetaiuis,  and  1,  an  habitual 
drunkard,  00  hours  after  the  operation.  The  patient's  ages  were,  30  between. 
51  and  GO,  13  between  61  and  70,  4  between  71  and  80,  and  1  patient,  aged 
84,  recovered  from  an  amputation  "at  the  knee.  Although  the  exclusion  of 
all  complicated  cases  makes  these  statistics  more  fa\'ourable  than  they  would 
otherwise  \\a\c  been,  the  results  nuist  be  looked  u])on  as  most  encouraging, 
showing  that  under  tlie  impro\'ed  treatment  of  wounds,  we  may  hope  ibr  a  fair 
degree  of  success  even  in  very  advanced  life,  provided  that  old  age  alone  is  the 
only  unfavourable  condition  present. 

2.  The  General  Health  of  the  patient  prcA'ious  to  the  operation  exercises, 
necessarily  a  most  powerful  iiifinence  on  the  chances  of  recovery.  The  state 
of  the  kidneys,  nn)re  especially,  is  of  great  importance  in  this  respect ;  for  no 
condition  tends  more  certainly  to  a  fatal  termination  than  a  chronically  diseased 
state  of  those  organs.  The  results  of  amputation  are  also  necessarily  widely 
different,  according  as  the  operation  is  practised  on  the  healthy  inhabitant 
of  a  country  district,  or  on  the  cachectic  and  debilitated  denizen  of  a  large 
town. 

3  and  4.  The  influence  of  Shock  and  of  Septic  Diseases  is  very  differently 
felt  in  different  amputations.  The  greater  the  portion  of  body  that  is  removed, 
the  more  severely  is  shock  felt.  In  these  cases,  also,  the  influence  of  septic 
agencies  becomes  more  marked.  This  is  owing  to  two  causes  :  1.  The  dei)res- 
sion  of  the  nervous  system  consequent  on  the  shock,  and  on  the  loss  of  l)lood 
that  is  the  frequent  accompaniment  of  a  great  operation,  tending  to  lower  the 
resisting  power  of  the  system  to  all  noxious  influences,  and  thus  to  predispose 
the  patient  to  suffer,  both  locally  and  constitutionally,  from  the  absorption  of 
septic  matter  ;  and,  2.  The  large  surface  of  wound  exposed,  rendering  local 
contamination  more  likely  to  occur. 

Out  of  80  consecuti\-e  cases  occurring  at  IJjii^'crsity  College  Hospital,  there 
Avero  3  deaths  from  shock  (all  primary),  and  10  from  ])ya;mia  ami  erysipelas  ; 
leaving  only  8  deaths  to  be  accounted  for  by  exhaustion  and  the  other  causes 
that  I  have  mentioned. 

Out  of  a  total  of  ()3]  amputations  collected  from  the  reports  of  some  of  the 
Metropolitan  hospitals  between  1866  and  1872,231)  deaths  occurred,  and  of 
these  110  died  from  shock  and  pyyemia  together,  being  17'5  per  cent,  of  the 
whole  operated  on,  or  40  per  cent,  of  the  total  deaths — and  this  is  irrespective 
of  those  that  are  reported  as  dying  of  "  exhaustion,"  or  from  "  erysipelas," 
"  low  cellulitis,"  and  forms  of  septic  disease  other  than  i)y;\3mia.  This  terrible 
disease  proved  fatal  in  as  nearly  as  jjossible  3(1  per  cent,  of  all  the  deaths,  and 
shock  in  about  10  per  cent,  of  the  deaths,  or  in  3-8  per  cent,  of  all  the 
amputations. 

But  the  respective  influences  of  these  two  great  causes  of  death  after  ampu- 
tations will  be  found  not  only  to  vary  greatly,  according  as  the  operatioji  is 
primary,  secondary,  or  for  disease,  l)ut  also  to  exercise  very  different  degrees  of 
influence  in  diflerent  hospitals. 

Shock  was  most  felt  in  primary  amputations,  in  the  proportion  of  25  per 
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cent,  of  the  dciiths  ;  was  Imt  little  fatal  in  secondary  ampntations,  C  per  cent. ; 
and  was  entirely  al)sent  as  a  canse  of  death  in  pathological  amputations. 

Pyaemia  was  the  cause  of  death  in  about  one-third,  or  33  per  cent.,  of  the 
fatal  cases  amoiio-st  the  primary  amputations,  and  in  44-4  per  cent,  of  the 
secondary  :  and  in  those  for  disease  it  again  acquired  nearly  the  level  of  the 
primary — viz.  34*0  per  cent. 

Pyaemia  is  jiroportionately  more  fatal  after  amputations  of  the  upper  than  of 
the  lower  extremity,  occasioning  about  40  per  cent,  of  the  deaths  in  the  former, 
against  34  per  cent,  of  the  latter,  after  amputations  for  all  causes.  In  primary 
amputations  the  disparity  is  more  marked,  being  about  50  per  cent,  of  all 
deaths  in  the  upper,  against  about  32  in  the  lower  limb  ;  shock,  on  the  other 
hand,  being  more  fatal  by  far  after  primary  amputations  of  the  lower  than  of 
the  upper  exti'emity,  owing  doubtless  to  the  larger  mass  removed. 

The  influence  of  shock  is  necessarily  most  felt  in  primary  amputations. 
Indeed,  its  fatal  results  are  almost  entirely  confined  to  amputations  performed 
within,  twenty-four  hours  of  the  infliction  of  the  injury.    Fatal  shock,  in  fact, 
is  the  result  of  the  comliined  depressing  influence  of  the  injury  and  of  the 
operation.    It  occurs  in  exact  proportion  to  the  severity  of  the  injury,  the 
amomit  of  loss  of  blood,  and  the  age  of  the  patient.  It  is  often  referable  rather 
to  the  injury  than  to  the  operation  ;  and  it  becomes  a  question  whether,  in 
many  cases  of  serious  and  almost  hopeless  sinash  of  a  limb,  it  might  not  be 
better  to  let  the  patient  expire  in  peace,  than  to  subject  him  to  the  repetition 
of  a  shock  which  his  nervous  system  will  be  utterly  unable  to  endure.  This 
is  more  especially  the  case  in  extensive  crush  and  disorganisation  of  the  lower 
extremity  up  to  or  al)OA-e  tlie  middle  of  the  thighs,  such  as  are  not  unfrequent 
at  the  present  day  from  railway  accidents,  in  which  the  mangling  of  the  liml> 
resembles  rather  that  produced  by  cannon-shot  than  by  an  ordinary  injury  of 
civil  life.    In  these  cases  amputation  through  the  upper  third  of  the  thigh,  or 
at  the  hip-joint,  is  the  only  available  operation.    It  is  usually  done  in  such 
cases.    But  is  it  ever  successful  in  the  full-grown  adult  ?    That  is  a  question 
which  deserves  the  serious  consideration  of  hospital  Surgeons.    I  am  not 
acquainted  with  a  single  case  in  which  such  an  operation  has  succeeded  ui 
general  hospital  practice,  in  men  who  have  arrived  at  full  maturity.  In 
children  and  young  adults  it  lias  proved  successful.    The  three  cases  in  which 
it  was  done,  out  of  the  eighty  University  College  cases,  all  died  of  shock.  The 
same  catastrojihe  has  happened  in  every  other  case  on  record  with  which  I  am 
acquainted.    It  is  an  operation  that  has  been  abandoned  by  military  Surgeons 
in  cases  of  compound  comminuted  fracture  of  the  femur  from  bullet-wound 
in  this  situation  ;  ought  it  not  to  be  equally  discontinued  l)y  civil  Surgeons  in 
those  more  hopeless  cases  of  utter  smash  of  the  limb  that  occur  in  their  prac- 
tice ?    For  my  own  part  I  shall  never  again,  except  in  children  and  young 
people,  amputate  in  that  situation  for  such  injuries— hopeless  alike,  whether 
left  alone  or  subjected  to  the  knife  ;  surely  it  is  better  for  the  patient  to  be  left 
to  die  in  peace  than  to  be  again  tortured  by  amputation,  which  all  experience 
has  shoAATi  to  be  useless. 

It  is  of  inqiortance  to  observe,  in  reference  to  these  cases  of  death  from  shock 
after  primary  amputations,  that  the  fatal  result  happens  in  a  few  hours,  usually 
within  twenty-four,  of  the  performance  of  the  operation.  Hence,  although  it 
may  be  disposed  to  by  the  previous  condition  of  the  patient,  and  the  influence 
exercised  upon  his  powers  of  endurance  by  the  severity  of  the  injury,  the  loss 
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of  blood,  his  ag'C,  — for  death  from  shock  necessarily  occurs  more  frequently 
under  similar  conditions  of  injury  at  advanced  than  at  early  periods  of  life — or 
even  by  season  of  year,  yet  it  cannot  in  any  way  be  affected  by  the  conditions 
to  which  the  patient  is  exposed  subsequently  to  the  performance  of  the  opera- 
tion, so  far  at  least  as  hospitals  or  other  external  influences  are  concerned.  We 
must,  therefore,  look  upon  death  fi-om  shock  as  a  part  of  the  general  accident 
to  which  the  patient  has  been  exposed  and  of  the  injury  that  he  has  sustained, 
aggravated,  doubtless,  by  the  further  depressing  influence  exercised  by  so 
serious  an  operation  as  an  amputation  possibly  high  up  in  one  of  the  limbs.  It 
is  interesting  to  observe  that  season  exercises  an  influence  on  the  liability  to 
death  from  shock  after  primary  amputations.  According  to  Hewson,  of  Phila- 
delphia, it  is  most  fatal  in  winter.  The  reason  is  obvious  :  the  cold,  to  which 
the  sufferer  has  been  exposed  after  the  accident,  is  an  additional  cause  of 
depression. 

If,  therefore,  we  want  to  lessen  the  mortality  conse(]uent  on  these  opera- 
tions, the  first  point  to  look  to  is  not  to  amputate  needlessly  in  hopeless  cases 
of  smash  of  the  thigh  high  up,  in  order  to  give  "  a  last  chance  "  to  a  patient 
Avhose  vital  powers  have  already  been  depressed  to  the  lowest  ebb  by  a  fearful 
mutilation.  Such  amputations,  which  sometimes  consist  in  little  more  than 
the  severance  of  a  limb  still  attached  to  the  trunk  l)y  shreds  of  muscle,  ought 
scarcely  to  find  their  way  into  a  statistical  table  professing  to  give  the  results 
of  operations  the  majority  of  which  are  more  deliberately  performed,  and  with 
a  better  prospect  of  success.  They  ought,  in  point  of  fact,  to  constitute  a  class 
of  cases  apart ;  the  more  so,  as  they  are  frequently  complicated  with  internal 
injuries  which  are  not  detected  until  after  the  death  of  the  patient. 

Shock,  as  has  already  been  showi,  exercises  its  influence  chiefly  in  primary 
amputations ;  far  less  in  secondary  ones  ;  and  disappears  entirely,  as  a  cause  of 
death,  in  pathological  amputations,  except  in  a  few  cases  of  such  operations 
as  amputation  at  the  hip-joint  or  shoulder- joint  in  patients  already  greatly 
enfeebled  by  disease.  In  amputation  for  disease  "  exhaustion  "  occupies  the 
same  prominent  position  as  a  cause  of  death  that  shock  does  in  those  for  injury. 

By  far  the  most  im})ortant  of  all  the  causes  of  death  after  operations  in 
hospitals,  is  undoubtedly  the  development  of  septic  disease.  The  importance 
of  this  is  obvious,  from  a  consideration  of  the  following  statistics.  Out  of  the 
21  deaths  that  occurred  in  80  amputations  at  University  College,  no  fewer 
than  10,  or  nearly  one-half,  arose  from  this  cause;  and,  out  of  a  grand  total 
of  231)  deaths  occurring  in  four  metropolitan  hos})itals,  8(1  died  from  iDyii3mia 
alone,  without  including  other  septic  diseases  and  secondary  septic  visceral 
inflammations ;  there  being  nearly  four  times  as  many  deaths  from  pytemia  as 
from  shock. 

The  foregoing  statements  show  that,  if  septic  diseases  could  be  absolutely 
prevented,  no  patient,  who  at  the  time  of  the  operation  was  in  good  general 
health,  should  die  of  an  amputation  if  he  survive  the  period  of  shock,  unless  it 
be  from  tetanus  or  the  weakness  of  extreme  old  age.  Secondary  hitmorrhage 
is  almost  as  preventible  as  pyasmia  by  the  exclusion  of  septic  influences.  The 
value  of  the  majority  of  amputation-statistics  is  greatly  impaired  by  all  the 
cases  being  put  together  with  no  further  separation  than  into  primary  and 
secondary,  and  we  thus  get  a  very  false  notion  of  the  mortality  occurring  in 
ordinary  cases.  Some  veiy  valuable  statistics  have  been  published  by  JMax 
Schede,  in  his  work  on  Amputations,  in  which  this  source  of  error  has  been 
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eliminated.  Tlie  cases  are  divided  first  into  "  Complicated  "  and  "  Uncom- 
plicated." Tiie  Complicated  cases,  which  are  classed  scpai-atelj,_  are— Multiple 
or  Double  Amputations  ;  cases  coniphcated  with  other  severe  injuries  ;  cases 
in  which  the  patient  was  Bufferin<>-  from  severe  sur<,ncal  fever,  septicajmia, 
pyreraia,  or  tetanus,  at  the  time  of  the  operation  ;  and,  lastly,  cases  which 
terminated  fatally,  or  in  Avhich  the  cure  was  incomplete  after  many  months, 
on  account  of  acute  intercurrent  diseases,  such  as  delirium  tremens,  or  acute 
pneumonia  (not  of  septic  origin),  or  chronic  diseases,  such  as  phthisis,  Brig-ht's 
disease,  amyloid  degeneration,  secondary  cancer,  &c. 

Secondly,  the  cases  are  divided  into  those  treated  antise])tically  and  those 
helongiug  to  a  period  before  the  introduction  of  antiseptics  and  systematic 
drainage  into  the  treatment  of  amputation  wounds.  The  former  are  taken 
from  tiie  published  statisties  of  Socin  of  Bale,  Volkmann  of  Halle,  and  j\Iax 
Schede  in  Berlin  ;  the  latter  from  those  of  Bruns  of  Tiibingcn,  Bardeleben 
of  Greifswald,  and  Billroth,  then  of  Zurich.  The  cases  treated  by  the  older 
methods  showed  the  following  results  : — 


CA.SKS. 

1)1  KD. 

PER  CENT. 

Uncomplicated  cases  

877 

110 

2'.)-18 

Double  amputations  ....... 

HO-(l() 

Complicated  by  other  injuries  .... 

4 

8<>()0 

„         by  SepticjEmia,  Tetanus.  &;c.  .       .  . 

4S 

40 

83-38 

„         by  constitutional  diseases  . 

21 

21 

l(»()-00 

'Jotal  

4(11 

178 

38-83 

By  comparing  these  statistics  with  those  given  a  little  further  on,  it  will  be 
seen  that  they  are  not  worse  than  the  average  statistics  of  amputations  fifteen 
or  sixteen  years  ago  in  this  and  other  countries. 

The  cases  treated  antiseptically  l)y  carbolic  acid  dressings  and  all  the  pre- 
cautions recommended  by  Lister,  show  the  following  results  : — 


CASES.  DIED. 

PER  CENT. 

Uneom[)licated  cases  ...... 

321 

14 

4-4 

Doul)le  amputations  ....... 

13 

3 

23-8 

Complicated  by  other  injuries  .... 

11 

8 

72-72 

„          by  Bepticaimia,  Pvicmia.  Tetanus,  ik:c. 

4.-> 

30 

G(i-()(i 

„         by  constitutional  diseases,  ifcc.  . 

27 

l(i 

.");)-2() 

Tr>tal  

417 

71 

17-UO  1 

''J'hc  causes  of  death  in  the  uncomplicated  cases  are  equally  instructive. 
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TRF.AT.MENT.  j  1RKATMENT. 

uT7  Ciises.    I   :i21  Cases. 


Tyfcmia 
Scpticicmia 
Erysipelas  . 

Tetanus  .       .       .  . 
Pyajmia  sinii)lex 
Secondary  hiemorrhage  . 
I    Old  apje 

i    iShock     .       .       .  . 
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These  figures  need  no  comment.  They  ])rove  that  antiseptics  are  antago- 
nistic to  pjieinia,  and  the  conse(]uent  vahie  of  a  rigid  antiseptic  treatment  in  the 
circumstances  in  which  the  amputations  tabulated  by  Schede  were  i^erformed. 
But,  truly,  it  is  nnicli  to  be  regretted  tliat  it  should  be  necessary  to  go  to 
German  sources  to  form  an  estimate  of  the  value  of  the  antiseptic  treatment 
in  am]iutations,  and  that  we  do  not  as  yet  possess  any  sufficient  record  of  the 
practice  of  British  Surgeons  to  guide  us  in  this  respect. 

That  the  ami)utation-mortahty  in  this  country  has  materially  diminished 
during  the  last  twenty  years  is  undoubted.  The  following  table,  i:nblished  by 
Sir  James  Paget,  proves  this.  In  it  is  compared  the  amputation-mortality  at 
St.  Bartholomew''s  during  tAvo  periods  of  four  years  each,  at  ten  years'  interval. 


! 

PHnuirij. 

Secmularij. 

For  Bixcaxe. 

CASES. 

DIED. 

PER  CENT. 

CASES. 

DIED. 

PER  CENT. 

CASES. 

DIED. 

PER  CENT. 

18t;4— 18t)S  . 

51 

14 

27-4 

37 

17 

45-9 

142 

45 

31-1) 

1  187H— 1877  . 

87 

8 

21-4 

11 

2 

18-0 

172 

22 

12-7 

At  University  College  Hospital  the  amputation  statistics  for  the  last  ten 
years  give  the  results  stated  below.  They  have  been  dealt  with  on  the  same 
principle  as  those  of  Schede,  but  from  Avant  of  sufficient  detail  it  is  not 
possible  to  separate  them  into  those  treated  antiseptically  and  those  treated  by 
the  older  methods,  or  by  modified  forms  of  antiseptic  dressing. 


1  OASES. 

1 

DIED. 

PER  CENT. 

Vru-oniplifuted  Cases : — 
Piimaiy  

For  Disease  

53 
'  18 
10!» 

13 
3 
17 

24-72 
l(3-()() 
15-6U 

Complicated  Cases: — 

Complicated  with  other  fatal  injuries 

Complicated  by  Septic  Fever,  Septicaemia,  Pyaemia,  \ 

or  Tetanus  at  time  of  operation       .       .       .  . 
Complicated  by  serious  constituticmal  disease,  as 

Phthisis,  Secondary  malignant  tumours,  Albumi- 

7 

2 

2!) 

1  14 

3 
2 

14 

8 

42-85 
100-00 

48-27 
57-14 

Total   

232 



25-8(; 

The  causes  of  death  in  the  uncomplicated  cases  were  as  follow- : — Pyaemia, 
13  ;  septic£emia,  8  ;  erysipelas,  1  ;  shock  and  exhaustion,  8  ;  secondary  hasmor- 
rhage  and  sloughing,  3.  If  the  time  over  which  the  report  extends  is  divided 
into  two  periods  of  five  years  each,  it  will  be  found  that  of  the  18  cases  of 
pytemia,  10  occuiTed  in  the  first,  and  3  in  the  second,  of  these  periods  ;  4  cases 
of  septicaemia  occurred  in  each.  But  although  the  mortality  from  pyaemia  has 
thus  lessened,  the  gross  mortality  from  all  causes  remains  unchanged,  as  may 
be  seen  by  a  reference  to  the  tables  ]uiblished  in  former  editions  of  this  work. 
The  amputation-mortality  in  my  wards  up  to  1873,  before  antiseptics  were  used, 
had  been  40-7  per  cent,  for  injury— 18-1  for  disease— on  an  aggregate  of  387 
cases,  being  25*8  per  cent,  for  all  cases,  exactly  the  same  as  in  the  above  table. 

The  improvement  that  has  taken  place  generally  in  the  amputation-mortality 
in  this  countiy  cannot  be  attributed  solely  to  the  use  of  antiseptics,  however 
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jnuch  they  may  have  tended  to  it.  It  commenced  before  they  were  much 
used;  and  it  is  certain  that  Surgeons  who  do  not  employ  the  antise])tic 
treatment  liave  obtained  results  that  have  never  been  surpassed  by  it.  This 
they  have  achieved  by  a  careful  selection  of  cases,  by  improved  methods  of 
operating-,  by  perfect  draina,2:e  and  rest,  and  ijveat  attention  to  cleanliness. 
The  improved  hygiene  of  modern  hospitals  also  cannot  be  iguored  as  almost 
important  factor  in  lessening  the  lialiility  to  the  generation  of  septic  diseases. 
Either  hygiene  is  of  no  value  in  surgical  cases,  or  some,  and  probably  no 
inconsiderable  share,  of  the  improved  results  must  in  justice  be  assigned  to  the 
improved  sanitary  condition  of  modern  hospitals.  Spence  of  Edinburgh  had 
once  a  run  of  (;3  consecutive  am]iutatious  with  only  3  deaths  ;  and  Calleiider, 
by  his  mode  of  ti-eatment,  obtained  results  that  it  would  be  difficult  to 
surpass.  Amongst  the  most  excellent  results  arc  those  of  Boi-land,  of 
Kilmarnock,  who  out  of  27  primary  major  amputations  had  (»  deaths,  or 
22  per  cent.,  and  in  G3  secondary  only  2  deaths,  or  3'1  per  cent.  These 
successful  results  Avere  obtained  without  antiseptics,  by  avoiding  entirely  the 
use  of  water  during  the  operation,  the  blood  being  wiped  a'way  by  pieces  of 
clean  rag,  and  by  leaving  the  -wound  to  glaze  before  l)ringing  the  flaps 
together,  with  perfect  rest  of  the  stump,  which  was  dressed  with  a  thin 
piece  of  rag  smeared  with  lard,  any  discharge  that  formed  being  wiped  away. 

i3.  The  circumstances  connected  with  the  amputation  itself  that  influence 
materially  its  result  are,  1 — Its  Smt.  2.  The  Structure  of  the  Bone  sawn.  3. 
Whether  for  Injury  or  Disease.  A.  If  for  disease,  the  Nature  of  the  affection. 
5.  If  for  injury,  the  Time  that  has  elapsed  before  the  operation. 

1 .  With  regard  to  the  influence  of  the  Seat  of  amputation  on  the  I'esult  of 
the  operation,  it  may  be  stated,  as  a  general  rule,  that  the  risk  is  greater  in 
proportion  as  the  size  of  the  part  that  is  amputated  increases,  and  as  the  line 
of  amputation  approaches  the  trunk  ;  in  fact,  the  nearer  it  is  to  the  trunk,  the 
greater  is  the  danger.  Thus  the  amputation  of  a  toe  or  of  the  foot  is  less 
hazardous  than  that  of  the  leg  or  the  thigh.  The  subjoined  table,  derived 
from  the  examination  of  statistics  of  amputation  in  ci\  il  practice,  collected 
from  various  British,  Continental,  and  American  sources,  shows  clearly  the 
increase  in  the  ratio  of  mortality  as  the  operation  a])proaches  the  trunk.* 


SEAT. 

CASES. 

DEATHS. 

PER  CEKT. 

Shnuldcr-joint  

117 

58 

49-0 

1319 

375 

28-4 

Fore-arm  

1059 

109 

10-2 

Hip-ioint  

19 

41-3 

Thigh  

3477 

1224 

35-2 

300r, 

985 

32-7 

If  we  turn  to  the  statistics  of  military  surgery,  we  find  similar  results. 
Thus,  in  the  British  army  in  the  Crimea  the  percentages  of  death  were,  after 
amputation  of  the  forearm,  7  ;  of  the  upper  arm,  19  ;  of  the  shoulder- joint.  S,")  • 
of  the  foot,  10 ;  of  the  leg,  37  ;  of  the  knee,  57  ;  of  the  thigh,  04  ;  and  of  the 
hip,  100.    In  the  French  army  in  the  Crimea,  the  percentage  of  mortality 

♦  Tlie  mimljers  referred  to  in  tlii.s  Charter  liave  lieen  denve.l  from  tlie  Tables  imhlislied  hv  Mr  T  i.^es 
Lane  ,n  the  last  ed.t.on  of  Cooper's  f^nnfu-al  Dictionary;  Sir  J.  Y.  Hinijison's  paper  on  Hospita  snV^'^Hons 
statistical  papers  in  the  Reports  of  Hospitals;  M.  Chenn's  elaborate  returns  -'n  the  nie.liea 
French  anny  ,n  the  Crnnean  Win-  an.l  in  the  It^ilian  Campaign  ;  and  the  official  reports  of  the  United  f^til^ 
Army  regarding  the  War  of  the  Rebellion.  ^    o  .  i       oi  uii,  unueci  btates 
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caftor  amputation  of  the  fore-arm  Avas  45  ;  of  the  arm,  55  ;  of  the  shoiilcler- 
joiiit,  ()1  ;  of  the  foot,  7(5  ;  of  the  leg,  72  ;  of  the  knee-joint,  01  ;  of  the 
thigh,  92  ;  and  of  the  hip,  100.  In  the  ItaHan  campaign  of  1859,  the 
percentages  of  the  mortahty  in  the  French  army— inchiding  in  some  cases 
operations  on  wounded  Austrians— were  :  fore-am,  42  ;  arm,  50  ;  shoulder- 
joint,  55  ;  foot,  55  ;  leg,  70  ;  knee-joint,  75  ;  thigh,  78  ;  hip-joint,  57.  In 
the  Avar  of  the  American  rehellion  the  percentages  of  mortality  were  as  follows, 
showing  markedly  how  rapidly  it  runs  up  in  accordance  with  the  size  of  the 
part  removed  :  fingers  and  hand,  1-fi  ;  wrist,  5-5  ;  fore-arm,  l(;-5  ;  arm,  21*2  ; 
shoulder,  39-2  ;  partial  of  foot,  9-2  ;  ankle-joint,  13'4  ;  leg,  2G  ;  knee,  55  ; 
thigh,  64-4  ;  hip,  85*7. 

Xot  only  is  there  this  increase  in  the  rate  of  mortality  as  the  operation 
approaches  the  trunk,  but  in  the  larger  limbs,  more  especially  in  the  thigh, 
every  additional  inch  that  is  removed  appears  to  make  a  difference  in  this 
respect.    Thus,  in  our  army  in  the  Crimea,  of  178  amputations  of  the  thigh, 
44  were  in  the  upper  third,  and  of  these  38,  or  8G  per  cent.,  proved  fatal  ;  68 
were  in  the  middle  third,  and  of  these  41,  or  GO  per  cent.,  died  ;  whilst  in  the 
lower  third  the  mortality  out  of  GG  cases  was  37,  or  5G  per  cent.    In  the 
French  army  in  the  Crimea,  according  to  Chcnu,  of  81  amputations  of  the 
thigh  at  the  upper  third,  37,  or  GO  per  cent.,  died  ;  in  91  amputations  at 
the  middle  third,  there  were  G3  deaths,  or  G9  per  cent.  ;  and  in  the  lower 
third  there  were  101  cases,  with  59  deaths,  or  58"4  per  cent.    In  the  Italian 
campaign  of  1859,  according  to  the  same  authority,  there  Avere  4G  cases  of 
amputation  of  the  thigh  at  the  upper  third,  with  43  deaths,  or  93  per  cent.  ; 
52  at  the  middle  third,  Avith  a  mortality  of  44,  or  84  per  cent.  ;  and  43  at  the 
loAver  third,  AA'ith  3G  deaths,  or  83  per  cent.    Again,  among  21  amputations 
of  the  humerus  at  the  neck  in  the  French  army  in  the  (^'rimea,  the  mortality 
Avas  9,  or  43  per  cent.  ;  in  229  at  the  upper  third,  it  was  G2,  or  27  per  cent. ; 
in  145  at  the  middle  third,  it  was  27,  or  18  per  cent.  ;  and  in  55  at  the  lower 
third,  it  was  G,  or  11  per  cent. 

Not  only  do  the  size  of  the  part  removed,  and  its  proximity  to  the  trunk, 
materially  affect  the  general  mortality  after  amputation  ;  but  these  conditions 
also  influence  the  ])articular  cause  of  death.  Thus  after  the  smaller  am]iuta- 
tions,  as  of  a  toe,  for  instance,  death  occurs  only  in  unhealthy  states  of  the 
constitution,  from  the  occurrence  of  erysipelas,  or  of  some  of  the  various 
forms  of  diffuse  inflammation.  Death  after  the  larger  amputations  more 
frequently  results  fi'om  causes  connected  Avith  the  operation  itself,  as,  for 
instance,  secondary  hfemorrhage,  shock,  or  exhaustion  by  the  abstraction  of 
the  large  quantity  of  blood  contained  in  the  limb,  as  Avell  as  by  that  lost 
during  the  operation. 

2.  The  Part  of  the  Bone  that  is  saAvn  through  may  influence  the  result. 
Amputations  through  the  cancellous  ends  of  long  bones  are  less  dangerous,  in 
one  respect,  than  those  through  their  shafts,  in  consequence  of  the  medullary 
canal  not  being  opened  Avhen  the  section  is  made  near  the  articular  end  ;  so 
that  the  liability  in  septic  cases  to  diffuse  suppuration  of  this  cavity,  and  con- 
secutive phlebitis  and  pyemia,  is  diminished. 

3.  The  mortality  resulting  from  amputations  is  perhaps  more  directly  in- 
fluenced by  whether  the  operation  is  done  for  Injury  or  Disease,  than  by  any 
other  cause,  being  far  greater  in  corresponding  limbs  after  injury  than  disease, 
except  as  regards  amputation  of  the  fore-arm.    In  the  following  table  may  be 
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seen  the  results  of  oOJ  consecutive  cases  of  aniputatiou  performed  at  University 
College  Hospital  up  to  May,  1871.  Of  these  3U7  cases,  79  died,  yielding  as 
nearly  as  possible  a  mortality  of  25  per  cent. 


RESULTS  OP  AMPUTATION'  IN  UNIVEKSITY  COLLEGE  HOSPITAL. 


Injury. 

1 

.SEAT. 

CASES. 

DEATHS. 

I'ER  CENT. 

CASES. 

DEATHS. 

PER  CENT. 

Thigh 

39 

23 

.59-0 

8fi 

18 

20-9 

Leg  and  Foot       .  . 

44 

14 

31-8 

74 

13-5 

Shoulder  and  Arm 

12 

ij 

41-() 

24 

8 

33-3 

Fore-arm      .       .  . 

8 

0 

0 

20 

1 

.")-0 

Total  . 

103 

42 

40-7 

1  204 

37 

18-1 

Malgaigne's  statistics  from  the  Parisian  hospitals  illustrate  this  equally 
clearly,  as  will  be  seen  in  the  following  tables. 


Injury. 

SEAT. 

CASES. 

DEATHS. 

PER  CENT. 

OASES. 

DEATHS. 

PER  CENT. 

Thigh 

4f> 

34 

74-0 

153 

92 

60-0 

Leg 

79 

50 

63-3 

112 

55 

49-0 

Foot  .... 

9 

() 

6(>-f> 

29 

3 

10-3 

Arm      .       .       .  . 

30 

17 

5(;-(i 

()1 

24 

39-3 

The  following  table  gives  the  result  of  numerous  oases  in  civil  practice, 
collected  from  various  sources.    (See  note,  page  80.) 


SEAT. 

Injvry. 

Diitt'asr. 

CASES. 

DEATHS. 

PER  CENT. 

CASES. 

DEATHS. 

PER  CENT. 

Thigh 
Leg 

Arm  .... 

Fore-arm      .       .  . 

9(;4 
771 
514 
350 

57(; 

35() 
180 
38 

59-7 
4(i-l 
34-4 
10-5 

i4(;5 

1281 
250 
151 

477 
301 
65 
23 

32-5 
23-5 
2()-0 
15-9 

The  Shoch  inflicted  by  the  injury,  with  its  subsequent  evils,  appears  to  be 
one  of  the  principal  reasons  for  the  greater  mortality  after  amputations  for 
injury  than  after  those  for  disease.    After  amputation  for  injury,  also,  there  is 
a  greater  liability  to  the  occurrence  of  gangrene  of  the  stump,  as  the  'incisions 
may  be  carried  through  tissues  which,  though  apparently  sound,  may  be  so 
bruised  as  to  be  beyond  recovery.    Pytemia,  formerly  equally  frequent  in 
prnnary  and  secondary  amputations,  should  now  be  equally  rare.  Exhaustion 
is  more  frequent  after  removal  of  a  limb  for  disease,  as  in  many  cases  the 
operation  is  necessarily  performed  on  patients  already  weakened  by  long' 
illness._   In  many  forms  of  disease,  however,  especially  in  affections  of  bones  i 
and  3omts,  it  will  be  fomid  that  those  patients  do  best  in  whom  the  disease  is. 
most  chronic. 

4.  The  Nature  of  the  Disease  for  which  the  amputation  is  performed^ 
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influences  its  mortality.  Thus  amputations  for  malignant  growths  arc  more 
fatal  than  those  for  caries  of  bone  or  diseased  joints.  In  cases  of  diseased 
joint,  there  is  a  greater  tendency  to  recover  when  the  affection  is  of  a  simple 
than  Avhen  it  is  of  a  tuberculous  nature.  Birkett  has  pointed  out  that  disease 
of  internal  organs,  often  of  the  same  nature  as  that  for  which  the  operation 
is  i)crformed,  is  found  after  death  in  a  large  proportion  of  patients  who  die 
after  amputation.  When  suppurative  disorganisation  of  a  joint  is  very  acute, 
am])utation,  more  particularly  if  the  affected  articulation  be  of  large  size,  as 
th(!  knee,  is  attended  by  very  unfavourable  results.  In  these  cases  the  patient 
is  usually  suffering  from  sc\'ere  febrile  disturbance,  the  result  of  absorption  of 
septic  matter  from  the  diseased  joint,  and  amputation  under  such  cii'cumstances 
is  frequently  followed  by  fatal  septicaemia.  But  when  the  disease  has  once 
become  chronic,  the  precise  period  at  which  the  amputation  is  performed 
exercises  but  little  influence  on  the  mortality,  provided  it  be  not  deferred  to 
too  late  a  stage,  when  the  patient's  constitution  is  worn  out  by  hecitic. 

Amputations  of  expediency — those  performed  for  the  convenience  of  the 
patient,  as  in  cases  of  talipes  or  ankylosis,  but  not  necessary  so  far  as  life  is 
concerned — are  especially  fiital.  Bryant  has  shown  that;  at  Guy's  Hospital, 
death  has  followed  in  40  per  cent,  of  these  amputations  in  the  lower  extremity. 

T).  In  amputation  in  cases  of  injuiy  an  important  question  has  to  be  deter- 
mined, \iz.,  the  influence  exercised  by  the  Time  that  has  elapsed  fi'om  the 
infliction  of  the  injury  to  the  performance  of  the  amputation.  Not  only  the 
rate  of  mortality,  but  the  conditions  that  immediately  occasion  the  fatal  CA  ent, 
are  influenced  by  the  period  at  which  the  operation  is  performed. 

Amputations  for  injuiy  are  commonly  divided  by  Surgeons  into  Primary 
and  Sccondrtrij ;  the  irrimarii  being  those  that  are  performed  during  the  first 
tvrenty-four  or  thirty  hours,  before  any  spreading  inflammation  or  traumatic 


RESULTS  OF  PRIMARY  AND  SECONDARY  AMPUTATIONS  IN  CASES  OF  INJURY, 
AT  UNIVERSITY  COLLEGE  HOSPITAL. 


SEAT. 

Primary. 

1  Seoondarij. 

CASES. 

DEATHS. 

'  CASES. 

DEATHS. 

Thigh 

IjCg  and  Foot       .  . 
Shoulder  and  Arm 
Fore-arm      .       .  . 

14 
22 
6 
6 

8 
8 
2 
0 

i  21 
1  16' 

14 

8 
2 
0 

Total  . 

4S 

IS 

1 

48 

19 

fever  has  developed  itself.  By  secondary  amputations,  many  Surgeons  mean 
those  operations  that  are  practised  after  the  first  twenty-four  hours ;  whilst 
others  again  more  correctly  restrict  the  term  to  those  that  are  done  after 
suppuration  has  been  fully  established,  when  the  surgical  fever  is  beginning  to 
subside  as  granulation-tissue  springs  up  to  present  a  barrier  to  the  absorption 
by  the  lymphatics  of  the  septic  poison.  Those  who  tluis  limit  the  use  of  the 
term  secondary,  call  all  the  operations  performed  between  the  end  of  the  first 
day  and  the  period  of  full  suppuration  "  intermediate."  The  distinction  is 
of  some  importance,  as  operations  performed  during  high  surgical  fever  are 
extremely  fatal.    In  the  following  table,  the  cases  are  divided  merely  into 
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primary  and  secondary.  The  cases  have  been  collected  from  various  sources, 
and  the  table  s]io\ys  the  relative  results  of  primary  and  secondary  operations 
in  civil  practice. 


SEAT. 

Primary. 

1  Secondary. 

CASES. 

DEATHS. 

PER  CENT. 

\  CASES. 

DEATHS. 

PER  CENT. 

Thigh 

23.T 

153 

65-1 

1.56 

85 

54-4 

Leg  .... 

405 

178 

43-9 

150 

72 

48-0 

Arm  .... 

27(1 

79 

28-6 

75 

32 

42-0 

Fore-arm      .       .  . 

190 

16 

8-4 

27 

r, 

22-2 

Total  . 

1106 

426 

38-5 

408 

195 

47-7* 

While  the  percentage  of  deaths  after  primary  amputation  of  the  thigli 
exceeds  that  after  secondary  amputation,  the  rate  of  mortality  in  amputations 
of  the  leg,  fore-arm,  and  arm  is  greater  after  the  secondary  than  after  the 
primary  operation,  especially  in  the  upper  limb.  Primary  amputation  of  the 
thigh  is,  indeed,  one  of  the  most  fatal  operations  in  Surgery.  Thus  of  4G 
cases  of  primary  amputation  recorded  by  Malgaigne,  34  perished  ;  of  18 
cases  in  the  Massachusetts  Hospital  at  Boston  during  the  five  years  ]8(;;^)- — 
18G8,  15  died ;  9  cases  out  of  ten  died  at  the  Ijondou  Hospital  during 
the  years  1863 — 18G6  ;  and  of  24  cases  recorded  by  South,  Lawrie,  and 
Peacock,  as  occurring  at  St.  Thomas's  Hospital,  the  Glasgow  Infirmary,  and 
the  Edinburgh  Infirmary,  every  one  perished.  The  danger  of  amputation  of 
the  thigh  for  injury  is  increased  in  proportion  to  the  height  at  which  the  limb 
is  severed.  It  is  least  in  those  cases  where  the  operation  is  done  for  injury  of 
the  leg  or  knee-joint,  and  greatest  when  it  is  performed  for  comiDound  fracture 
of  the  femur,  recovery  being  then  very  rare.  This  excess  of  mortality  after 
primary  amputation  of  the  thigh  must  be  referred  mainly  to  the  intensity  of 
the  shock,  whether  produced  by  the  operation  itself,  or,  as  is  more  often  the 
case,  by  the  injury  which  has  rendered  its  performance  necessary. 

In  primary  amputations  of  the  leg,  arm,  and  fore-arm,  however,  the  influence 
of  this  cause  is  relatively  less,  while  in  secondary  amputations  of  these  parts, 
as  well  as  of  the  thigh,  shock  is  much  less  intense.  In  these,  the  danger 
arises  from  pyasmia,  gangi-ene,  diffuse  inflammation,  secondary  hasmorrhagc, 
and  all  those  morbid  conditions  that  arc  favoured  by  defective  hygienic  circum- 
stances, and  which  appear  to  exercise  a  more  uniformly  unfavourable  influence 
over  the  secondary  amputations  than  shock  does  over  the  primary. 

In  military  practice,  secondary  amputation  is,  in  general,  more  fatal  than 
primary.    Thus,  Faure  saved  only  30  out  of  30(»  secondary  amputations, 
whilst  Larrey  saved  three-fourths  of  those  in  which  he  amputated  primarily. 
In  the  Peninsular  war,  the  mortality  after  secondary  amputation  of  the  upper  • 
extremity  was  twelve  times,  and  after  secondary  amputation  of  the  lower" 
linab,  three  times,  as  great  as  after  primary  amputation  of  these  parts.    In  the  ■ 
British  army  in  the  Crimea,  from  the  1st  of  April  to  the  close  of  the  war,  the^ 
relative  rates  of  mortality  per  cent,  after  primary  and  secondary  amputations^ 
were  as  follow  :— after  primary  amputations  at  the  shoulder,  26  ;  of  the 
arm,  17  ;  of  the  fore-arm,  3  ;  of  the  thigh,  62  ;  of  the  leg,  30  fand  of  thee 

*  The  reader  who  wi.slics  to  pursue  this  subject  further  will  find  a  very  lar-e  bod v  of  stati<lin«  n,. 
results  ofanipiitations  ill  the  last  edition  of  Cooi.er's6'Kr3i«(l2Jietion«ri/.         "        ^     stuti.stics  on  the- 
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foot,  17  ;  after  secondary  amputations  at  the  shoulder,  66  ;  of  the  arm,  31  ;  of 
the  fore-arm,  i8  ;  of  the  thigh,  80  ;  and  of  the  leg,  7G.  Or,  for  the  upper 
extremity,  the  whole  rate  of  deaths  after  primary  was  15,  against  41  after 
secondaiy  amputations  ;  whilst,  for  the  lower  extremity,  excluding  the  foot,  it 
was  46  per  cent,  for  the  primary,  against  78  for  the  secondary. 

In  the  American  army  during  the  war  of  the  rebellion,  the  mortahty  after 
primary  amputation  of  the  thigh  was  54-13  per  cent.  ;  and  after  secondary 
amputation,  74-76.  In  the  French  army  in  the  Crimea,  on  the  other  hand,  the 
mortality  after  primary  amputation  of  the  thigh  and  arm — amounting  in  the 
former  limb  to  above  90  per  cent. — was  greater  than  that  after  the  secondary 
operation. 

As  has  already  been  observed,  not  only  does  the  rate  of  mortality  differ  in 
primary  and  secondary  amputations,  but  also  the  cause  of  death.  Primary 
amputations  are  most  frequently  fatal  from  shock,  haemorrhage,  and  exhaus- 
tion, although  death  from  pyemia  and  septiciemia  is  by  no  means  rare  in 
these  cases.  Secondary  amputations  for  injury  most  commonly  carry  off  the 
patient  by  the  supervention  of  septic  diseases.  Amongst  the  secondary  affec- 
tions that  are  of  most  frequent  occurrence,  gangrene  of  the  stump  stands  in 
the  first  place,  especially  after  amputation  of  the  thigh  for  injury,  and  more 
particularly  if  the  limb  have  been  in  a  similar  condition  before  the  amputation. 
Then,  again,  erysipelas,  phlebitis  with  pyaemia,  secondary  ha3morrhage,  and 
some  of  the  low  forms  of  visceral  inflanmiation  or  congestion,  as  pneumonia, 
pleurisy,  and  diarrhoea — all  probably  due  to  septic  poisoning — often  j)roduce 
death.  Pyjemia,  complicated  by  congestiA'C  and  suppurative  pneumonia,  is  the 
most  frequent  cause  of  death  after  secondary  amputation  of  the  leg  and 
arm.  Secondary  ha;morrhage  to  such  an  extent  as  to  prove  fatal  is  of  very 
rare  occurrence. 

Summary.— On  reviewing  the  whole  subject  of  the  causes  of  death  after 
amputations,  we  cannot  but  come  to  the  conclusion  that  the  mortality  is 
influenced  more  directly  and  distinctly  than  that  of  any  other  operation, 
except  perhaps  ovariotomy,  by  the  hygienic  conditions  to  which  the  patient  is 
subjected  after  the  operation.  The  evil  influences  arising  from  exposure  to 
an  atmosphere  vitiated  by  the  emanations  fi-om  tiic  decomposing  discharges 
from  suppurating  wounds,  and  to  those  various  combinations  of  conditions 
that  are  summed  up  under  the  one  general  term  "  Ilospi/aUsm,'"  exercise  so 
important  a  bearing  ujion  the  death-rate  after  amputation,  that,  in  order  to 
arrive  at  a  just  estimate  of  the  probable  chances  of  recovery  in  any  given  case,  it 
becomes  necessary  not  only  to  consider  whether  the  operation  be  done  for 
injury  or  disease — whether  it  be  primary  or  secondai-j' — whether  the  disease  be 
simple  or  malignant — whether  the  patient  be  aged  or  young,  healthy  or 
diseased  ;  but,  above  ah,  whether,  after  the  removal  of  the  limb,  the  patient 
will  be  exposed  to  those  conditions  that  result  from  the  aggregation  of  the 
sick  and  the  crowding  together  of  foul  suppurating  wounds. 

AVhatever  explanation  we  may  give  of  the  fact,  it  remains  certain  and 
incontrovertible  that  the  rate  of  mortality  after  amputation  of  all  limbs  in  the 
large  city  hospitals  of  Great  Britain  up  to  a  very  recent  period  has  been  at 
least  1  in  3  (vide  Table).  In  those  of  Paris,  out  of  1,656  amputations,  the 
statistics  of  which  were  collected  by  Malgaigne  and  Trelat  (Simpson),  803 
died,  or  nearly  1  in  2  (vide  also  Table).  The  Government  statistics  collected 
by  Bristowe  and  Holmes  show  that  in  1861  the  amputation  death-rate  in 
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Parisian  hospitals  was  3  in  o,  and  more  recently  Lc  Fort  gives  the  mortality 
at  58  per  cent.  In  Germany  matters  were  not  much  better.  Billroth's  pub- 
lished amputation-mortality  has  been  fi^om  43  to  46  per  cent.  In  the  United 
States  the  death-rate  is  much  smaller,  however  ;  the  mortality  in  the  Pennsyl- 
vania Hospital  being  only  about  24  per  cent.,  and  that  of  the  Massachusetts 
General  Hospital  2(i  per  cent. 

In  military  practice,  the  result  of  the  experience  deduced  from  the  mortality 
following  amputations  during  the  great  modern  wars  is  at  least  equally  un- 
favourable. But  here  there  are  so  many  modifying  and  disturbing  elements, 
that  it  may  be  well  to  exclude  these  cases  from  consideration. 

In  fact,  then,  on  taking  the  average  mortality  after  am])utation  of  all  four 
limbs  in  the  largest  hospitals  in  the  great  centres  of  civilisation,  we  come  to 
this  result,  that  it  commonly  varied  from  (iO  to  35  per  cent.,  and  did  not  fall 
below  24  per  cent.  :  and  that  in  certain  of  the  larger  amputations,  as  in  the 
upper  third  of  the  thigh  and  at  the  hip-joint,  it  ran  up  to  from  70  to  i)0  per 
cent.  Widely  extended  statistical  returns  have  shown  but  too  plainly  that 
these  figures  are  trustworthy  and  constant,  when  founded  on  sufficient  num- 
bers and  carried  over  a  sufficient  length  of  time  to  ehminate  the  influence  of 
accidental  circumstances  operating  for  or  against  the  jiatient. 

So  constantly  did  these  figures  come  out  hi  hospital  returns,  that  Surgeons 
had  almost  come  to  regard  them  as  representing  the  necessary,  or,  so  to 
speak,  the  natural  rate  of  mortality  after  amputations.  But  is  this  so  in 
reahty  ?  Is  this  frightful  rate  of  mortality  the  necessary  result  of  the  opera- 
tion, and  thus  beyond  our  control  ?  or  is  it  dependent  on  causes  that  are 
preventable,  and  that  may  in  great  part,  if  not  wholly,  be  remo"\-ed  ?  That  it 
is  not  necessary — that  it  is  dependent  on  preventable  causes  and  will  eventually 
be  more  materially  diminished  is  evident  from  the  admirable  results  that  have 
of  late  years  been  obtained  by  Callender,  Lister,  Spence,  and  others,  by  different 
methods  of  treatment,  but  all  having  in  view  attention  to  the  hygienic  condi- 
tions of  the  Avound  and  of  the  patient. 

The  statistics,  quoted  in  a  former  page  from  Max  Schede's  work  on  amputa- 
tions, show  what  can  be  accomplished  by  the  antiseptic  treatment.  The 
system  adopted  by  the  Surgeons,  from  whose  practice  those  statistics  were 
collected,  was  that  recommended  by  Lister.  It  matters  little,  however,  what 
method  of  dressing  is  adopted,  so  long  as  the  decomposition  of  the  discharges 
is  absolutely  prevented.  This  is  the  principle  of  antiseptic  surgery ;  but  the 
best  means  of  carrying  it  out  has  probably  yet  to  be  discovered.  Whenever 
antiseptic  treatment  is  efficiently  carried  out,  by  whatever  means  it  may  be 
accomphshed,  the  wound  ceases  to  be  a  source  of  infection  and  of  contamination 
to  the  surrounding  atmosphere,  aiid  the  results  of  hospital  practice  may  then 
equal  the  best  that  can  be  obtained  in  private. 

Up  to  18G1)  Surgeons  had  no  opportunity  of  obtaining  a  knowledge  of  the 
results  of  amputations  on  a  large  scale,  except  such  as  had  been  furnished  by 
the  statistical  reports  of  hospitals ;  but  in  that  year  Sir  James  Simpson  collected 
from  small  country  hospitals,  and  from  private  practice  in  manufacturing  and 
mining  disti'icts,  in  which  amputations  are  of  common  occurrence,  statistics 
which  proved  satisfactorily  that  in  the  time  before  the  modern  improved 
methods  of  treating  wounds  were  fully  understood,  the  aggregation  in  one 
building  of  patients  suffering  from  open  wounds  exerted  a  powerful  influence 
on  the  proportion  of  deaths. 
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Simpson  collected  the  particulars  of  2,008  amputations  of  all  kinds  occurring: 
in  the  country  and  in  private  practice  in  towns ;  of  these  229  died,  or  1  in  9-2  ; 
whilst  of  an  almost  equal  number,  viz.,  2,089  amputations,  performed  in  the 
large  city  hospitals  of  Great  Britain,  «:");■)  died,  or  1  in  2"4. 

It  is  quite  ])ossiblc  that  Simpson's  hgui-es  were  not  absolutely  but  only 
approximately  correct,  and  that  certain  sources  of  fallacy  had  intruded  them- 
selves, more  especially  with  regard  to  the  condition  of  the  patient  hefore  the 
operation,  to  which  undoubtedly  great  importance  must  be  attached  (vide, 
p.  75),  But  still,  making  full  allowance  for  all  this,  the  difference  is  so  great 
between  the  two  sets  of  cases,  that  the  general  result,  viz.,  that  the  mortality 
after  amputation  in  hospital  practice  was  nearly  four  times  as  great  as  when 
the  same  o])erations  were  performed  out  of  hospital,  cannot  be  very  materially 
affected  ;  and  it  was  impossible  to  escape  ft-om  the  conclusion  that  the  high 
hospital-mortality  Avas  greatly  influenced  by  the  exposure  of  the  patient  to 
those  septic  conditions  existing  in  the  air  of  large  hospitals,  which  haA'e  been 
so  ably  and  graphically  described  by  Parkes,  and  which  exercise  the  most 
injurious  effect  on  patients  with  large  Avounds  who  are  exposed  to  them. 

That  those  se]itic  influences  may  eventually  saturate  hospitals,  and  exercise 
a  most  important  influence  in  causing  fatal  pyjemia,  septicaemia,  and  osteo- 
myelitis, after  amputations,  fi-om  which,  as  has  already  been  shown,  a  large 
proportion  of  those  operated  on  formerly  died,  is  evident  from  the  following 
considerations. 

1.  From  the  ^commencement  of  this  century  up  to  a  comparatively  recent 
period — during  \vhat,  in  fact,  may  be  termed  the  pre-sanitary  age — no  im- 
provement had  taken  place  in  amputation-mortality  in  hospitals. 

2.  The  pre\ailing  high  rate  of  mortality  varied  greatly  in  different  hospitals 
in  the  same  town,  in  which  the  patients  were  of  the  same  class  of  society, 
followed  pretty  much  the  [same  occupations,  and  were  subjected  to  the  same 
kinds  of  injuries  and  diseases  ;  the  hospitals  being  officered  by  Surgeons  of 
equal  professional  skill,  and  the  only  inequality  existing  being  in  the  different 
sanitary  conditions  to  which  the  patients  were  exposed  in  different  hospitals. 

:-).  The  difference  in  the  amputation-mortality  in  different  London  hospitals 
varied  from  18  and  25  to  47  per  cent.  In  Calcutta,  the  death-rate  after  thigh 
amputations  varied  in  different  hospitals  from  42  to  80  per  cent.  (Downie). 

4.  Of  late  years,  this  excessive  amputation-mortality  has  been  materially 
reduced  in  most  hospitals." 

5,  This  reduction  is  contemporaneous  with,  and,  as  all  Urn  oilier  condiHons  con- 
tlmie  as  before,  must  be  dependent  upon,  the  greater  attention  paid  to  hospital 
nygieue  and  the  employment  of  antiseptics,  in  the  treatment  of  wounds. 

C.  In  military  practice,  the  rate  of  mortality  afl^er  amputation  has  been 
found  to  be  in  the  direct  ratio  of  the  aggregation  of  the  wounded  ;  and  infec- 
tive processes  of  septic  origin  may  almost,  if  not  entirely,  be  averted  by  isola- 
tion of  the  patients. 
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SPECIAL  AMPUTATIONS. 

There  are,  as  has  ah-eady  been  stated  at  pp.  54 — CA,  three  distinct  methods 
of  amputating  hmbs,  yiz.,  the  flap,  the  circular,  and  the  oval.  The  choice  of  the 
method  influences  the  shape,  and  to  a  certain  degree,  perhaps,  the  utility  of  the 
resulting  stump.  But  it  in  no  way  affects  the  safety  of  the  patient,  Avhich  is 
dependent  on  far  diflferent  and  far  more  important  conditions  than  the  manner 
in  which  the  Surgeon  shapes  his  incisions  for  the  removal  of  the  diseased  or 
injured  limb  (p.  49).  A  skilful  Surgeon  will  be  able  to  produce  a  satisfactory 
stumj)  by  any  one  of  the  three  methods,  and  it  is  desirable  that  he  should  be 
able  to  practise  all.  For  although,  as  a  general  rule,  one  method  may  be  more 
applicable  than  another,  yet  exceptional  cases  occur  at  times  in  which  it  may 
be  advantageous  to  depart  from  the  method  usually  adoj)ted,  and  employ  one 
of  the  others.  In  fact,  a  Surgeon  should.be  eclectic  in  his  method  of  ampu- 
tating, and  select  that  which  is  most  suitable  to  the  circumstances  of  the  case 
before  him.  The  flap-method  or  the  combined  flap  and  circular,  is  that  to 
which  most  Surgeons  give  the  preference  in  this  country. 

In  describing  this  or  any  other  method  of  amputating,  precise  rules  may  be 
laid  down  for  its  performance  through  sound  structures.  But  it  of  ten  happens, 
especially  in  cases  of  injmy,  that  the  destruction  of  tissue  is  so  irregular  as 
to  compel  the  Surgeon  to  depart  from  definite  rules  of  practice,  and  to  shape 
his  flap  as  best  he  may  from  the  uninjm-ed  soft  parts.  There  he  must  rely  on 
his  own  judgment.  But  so  efficient  is  the  moulding  process  of  nature,  that 
provided  sufficient  integumental  covering  be  left  on  the  muscles  and  bones,  a 
stmnp  that  at  first  looks  very  irregular  and  perhaps  somewhat  unsurgical,  will 
in  a  short  space  of  time  acquire  a  regular  outline  and  smooth  surface,  and  may 
be  eventually  in  all  resj)ects  as  useful  as  one  that  may  fi'oni  the  first  have  been 
fashioned  more  artistically. 

Amputations  of  the  Hand.— The  Fingers  often  require  amputation  for 
injury  or  disease,  more  especially  the  result  of  bad  whitlow.  In  many  cases 
the  ungual  phalanx  becomes  necrosed,  and  may  usually  most  readily  be  removed 
without  amputation,  by  making  an  incision  through  the  pul})  of  the  finger  and 
then  extracting  the  diseased  bone,  thus  saving  the  nail  and  pulp,  ^Yhich  will 
form  an  excellent  end  to  the  finger  ;  and,  if  the  operation  be  done  in  early 
childhood,  a  new  and  movable  phalanx  may  form.  Should  amputation  be 
required,  it  may  be  done  by  either  cutting  into  the  joint  from  its  dorsal  aspect 
witli  a  narrow-bladed  bistoury,  and  making  the  flap  from  the  palmar  aspect  by 
cutting  from  within  outwards  :  or  the  flap  may  conveniently  be  made  from 
the  palmar  ,surface  by  transfixion,  and  the  joint  then  cut  across  (Fig.  32). 
In  amputating  the  ungual  phalanx  from  the  dorsal  aspect,  the  Surgeon''  must 
stand  facing  the  hand  ;  the  finger  must  be  flexed  forcibly,  so  that  the  last 
phalanx  is  at  a  right  angle  to  the  next.    The  incision  to  open  the  joint  must 
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be  made  in  continuation  of  an  imaginary  line  drawn  along-  the  side  of  the 
second  phalanx,  midway  between  the  dorsal  and  palmar  aspects.    It  must 


Fi<,'.  31. — Ainputatiiin  of  Part  of  a  Finger  by  Cutting  from  Above. 


commence  at  the  crease  opposite  the  joint,  and  finish  at  the  corresponding- 
point  on  the  other  side,  the  Surgeon  cuttiug  from  his  left  to  his  right  side  of 
the  finger.    As  the  joint  opens,  the  lateral  ligaments  must  be  touched  with 


Fig.  32.— Amputation  of  a  Finger.   Cutting  the  Flap  by  Transfixion. 
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the  poiufc  of  the  knife.  As  these  are  di^nded,  the  first  two  phalanges  must  be 
extended  while  the  ungual  phalanx  is  still  further  flexed.  The  knife  is  then 
to  be  passed  with  a  sawing  motion  towards  the  palmar  surface  of  the  phalanx, 


Fig.  33.— Aiuputiition  of  a  Finger.   Removing  tlie  Head  of  the  Metacarpal  Bone. 

the  edge  being  turned  slightly  towards  the  bone.  Finally,  the  ungual  phalanx 
is  to  be  fnlly  extended,  and  a  flap  cut  including  the  whole  pulp  (Fig.  31). 
When  any  difficulty  is  experienced  in  finding  the  joint,  it  is  either  from  taking 
a  wrong  hue,  or  ii'om  the  presence  of  a  small  rhemnatic  exostosis  on  the  base 
of  the  ungual  phalanx. 

In  amputating  by  transfixion  from  the  palmar  surface,  the  finger  must  be 
extended  with  the  palmar  surface  towards  the  Surgeon.  The  knife  must 
be  made  to  transfix  the  finger  as  close  to  the  bone  as  possible,  and  in  such  a 
way  that  its  back  is  one-eighth  inch  on  the  distal  side  of  the  crease  corre- 
sponding to  the  joint.  A  flap  of  sufficient  length  is  then  cut,  which  must  be 
raised  and  held  out  of  the  way  by  an  assistant.  The  joint  is  then  opened,  the 
operator  bending  the  last  phalanx  forcibly  backwards  to  put  the  anterior 
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lio-ameiit  on  the  stretch.  Finally,  the  phalanx  is  removed  by  carryiug  the 
knife  through  the  joint,  no  flap  being  made  from  the  dorsal  aspect  (Fig.  '62)* 
In  doing  this,  care  must  be  taken  to  avoid  cutting  too  high  up,  and  so  mis- 
taking the  depression  above  the  head  of  tlie  second  phalanx  for  the  articu- 
lation. 

Amputation  is  performed  between  the  proximal  and  second  phalanges  in  the 
same  Avay  ;  but  as  a  stump  composed  of  the  first  phalanx  is  of  but  little  use, 
it  is  more  common  to  remove  the  ^Yhole  finger.  In  the  hand  of  a  working 
man,  however,  it  is  perhaps  better  to  save  even  one  phalanx,  as  it  helps  some- 
what to  strengthen  the  grasp  ;  for  the  stump  can  be  strongly  flexed,  partly 
by  the  action  of  the  interossei  and  partly  by  the  long  flexors  which  form  new 
attachments  at  its  extremity.  In  the  case  of  the  index  finger,  it  will  be 
better  always  to  leave  the  proximal  phalanx,  the  stump  of  which  forms  a 
useful  opponent  to  the  thumb. 

Amputation  is  frequently  required  at  the  D/Tetacarpo-phalangeal  Articu- 


Kig.  34.— Aiiiputiitioii  of  the  Index  Finger.   Reniovinjj  the  Head  of  the  Metacarpal  Bone. 

lation.  Here  it  may  be  done  in  two  ways  :  either  by  lateral  flaps,  or  by  the 
oval  method.  If  by  Meral  flaps,  the  adjoining  fingers  should  be  well  sepa- 
rated from  the  one  about  to  be  removed,  by  an  assistant  who  grasps  the  hand, 
so  as  to  put  the  integument  on  the  dorsum  upon  the  stretch.  The  point  of 
a  bistoury  is  entered  immediately  above  the  head  of  the  metacarpal  bone, 
carried  forwards  to  a  point  opposite  the  interdigital  web,  di-awn  across  the 
side  of  the  finger,  and  then  carried  a  little  way  into  the  palm.    This  same 

•  For  the  Conservative  Surgery  of  tlie  Hand,  vide  chapter  xlvii. 
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process  is  performed  upon  the  opposite  side,  the  flaps  are  dissected  down  by  a 
few  touches  of  the  knife,  the  extensor  tendon  is  divided,  the  joint  opened,  and 
disarticulation  performed.  The  oval  method,  which  I  think  is  the  best,  as  it 
does  not  wound  the  palm,  consists  in  entering  the  bistoury  at  the  same  point 
as  in  the  last  case,  carrying  it  as  far  as  the  point  at  which  the  web  joins  the 
finger  which  is  being  taken  off,  on  the  operator's  right  hand  side  ;  then  across 
the  pahnar  aspect,  in  the  line  of  the  fold  in  the  skin  at  the  root  of  the  finger, 
to  the  web  on  the  other  side.  Thus  far  the  incision  may  be  made  without 
taking  the  knife  out  of  the  wound.  The  oval  is  completed  by  putting  the 
point  of  the  knife  in  the  end  of  the  first  incision  and  carrying  it  upwards  to 
the  starting  point,  the  Surgeon's  hand  and  the  handle  of  the  knife,  during 
this  second  jjart  of  the  operation,  being  over  the  back  of  the  patient's  hand. 
The  two  sides  of  the  oval  should  be  exactly  symmetrical,  and  the  incisions 
from  the  starting  point  to  the  web  should  not  be  straight,  but  slightly  curved 
in  such  a  way  that  their  convexities  look  towards  the  middle  line  of  the  finger 
which  is  being  removed.  By  a  few  touches  of  the  knife  the  oval  flap  is  turned 
back  ;  the  flexor  tendon  is  then  divided  and  the  articulation  opened  from  the 
operator's  right  hand  side  ;  finally  the  finger  is  removed  by  twisting  it  round, 
while  the  edge  of  the  knife  is  pressed  against  the  base  of  the  first  phalanx 
with  a  slight  sawing  movement.  As  a  general  rule,  it  is  better  to  remove  the 
head  of  the  metacarpal  bone,  together  with  the  finger  ;  otherwise  a  wide  gap 
will  be  left  in  the  situation  of  the  finger  that  lias  been  amputated,  and  much 
deformity  of  the  hand  will  result.  In  order  to  do  this  the  incision  must  be 
commenced  on  the  dorsum  about  three-quarters  of  an  inch  above  the  head  of 
the  metacarpal  bone,  and  be  carried  straight  downwards  to  a  point  oj^posite 
the  head,  where  an  oval  incision,  similar  to  that  above  described,  is  commenced. 
We  thus  get  what  is  known  as  a  "  racket-shaped  incision."  In  removing  the 
middle  and  ring  fingers,  it  will  be  found  more  convenient  to  take  out  the  head 
of  the  metacarpal  bone  after  disarticulation.  This  is  done  by  cleaning  the 
dorsal  surface  and  sides,  taking  care  to  keep  close  to  the  bone,  and  not  to  let 
the  point  of  the  knife  plunge  into  the  palm,  so  as  to  wound  a  digital  branch 
at  a  point  where  it  could  with  difficulty  be  secured.  The  bone-forceps  are 
then  applied,  in  a  transverse  direction,  innnediately  above  the  head  of  the 
bone  (Fig.  83).  The  operator  then  places  the  tip  of  his  fore  finger  in  the 
palm  of  the  hand,  so  as  to  push  the  separated  head  slightly  out  of  the  wound, 
while,  at  the  same  time,  he  drags  it  downwards  with  his  thumb  placed"  on  the 
cut  sm-face  of  the  bone.  By  a  few  touches  of  the  point  of  the  knife  it  is 
easily  turned  out,  and  by  the  slightest  care  all  risk  of  wounding  a  digital 
branch  is  avoided.  If  it  be  the  index  finger,  the  bone  should  be  cut  obliquely, 
so  as  to  shape  it  to  the  tapering  form  of  the  hand  (Fig.  34).  This  may  be 
done  either  with  the  bone-forceps  or  with  a  small  saw.  The  saw  has  the  advan- 
tage of  making  a  smoother  section  and  of  leaving  no  splinters.  If  it  be  cut 
directly  across,  an  ugly  and  inconvenient  square  protuberance,  liable  to  con- 
stant injury,  Avill  be  left.  When,  however,  the  patient's  emplojancnt  is  one  in 
which  great  strength  and  breadth  of  liand  are  required,  and  where  appearance 
is  of  Httle  consequence,  the  head  of  the  bone  may  advantageously  remain. 

In  amputating  the  little  finger,  with  the  head  of  the  metacarpal  bone,  the 
incision  must  be  commenced  at  the  inner  side  of  the  hand,  at  a  point  corre- 
sponding to  the  middle  of  the  shaft  of  the  bone,  and  carried  straight  down- 
wards to  a  point  opposite  the  head,  from  which  the  oval  must  be  beo-un. 
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The  flaps  so  formed  are  most  conveniently  held  out  of  the  way  by  an  assistant 
with  a  pair  of  blunt  hooks  during  the  diA-ision  of  the  bone.  This  must 
be  saw  n  obliquely,  as  in  the  case  of  the  index  finger.  As  in  the  index  finger, 
the  head  may  be  left  in  the  hand  of  a  working  man. 

The  after-treatment  of  these  cases  is  extremely  simple.  The  hand  should  be 
put  upon  a  splint,  the  wound  covered  with  some  simple  dressing,  and  the  ends 
of  the  fingers,  with  small  pieces  of  lint  interposed,  tied  together  by  means  of  a 
tape,  care  being  taken,  however,  that  they  do  not  overlap.    The  shaft  of  the 


Figs.  30,  30,  37. — Results  of  Aini)utation  above,  Metacarjio-PhaUngeal  Articulation  in  Middle, 

Index,  and  Ring  Fingers. 


metacarpal  bone  that  is  left  will  gradually  atrophy,  and  thus  a  very  taper  and 
shapely  hand  will  eventually  be  left  (Figs.  35,  86,  37). 

In  disease  or  injury  of  the  Thumb  as  little  as  possible  should  be  removed 
by  amputation  ;  for,  if  even  but  a  very  short  stump  of  the  metacarpal  bone 
be  left,  it  will  serve  as  an  useful  op])onent  for  the  other  fingers. 

Amputation  of  the  Tliunib  with  its  Metamrpal  Bone  is  an  operation  which 
can  very  rarely  be  required.  In  cases  of  injury  the  surgeon  must  use  all  his 
ingenuity  to  save  even  the  smallest  part  of  the  bone,  or  if  any  doubt  exists 
as  to  how  much  can  be  saved,  the  hand  should  be  dressed  antiscptically  and 
left  to  nature,  a  stump  being  fashioned  later  on,  after  the  dead  parts  have 
separated.  By  this  means  more  can  be  sa^•ed  in  many  cases  than  at  first  seemed 
possible.  In  cases  of  disease  of  the  metacarpal  bone,  excision  of  the  bone 
should  be  prefen*ed  to  complete  amputation.  Should  the  operation,  however, 
be  necessary,  it  may  be  done  either  by  the  flap  or  the  oval  method.  The  flap 
method  is  thus  performed  :  The  Surgeon  stands  with  the  back  of  the  patient's 
hand  towards  himself,  the  limb  being  midway  between  pronation  and  supina- 
tion, and  he  holds  the  thumb  by  the  ungual  phalanx.  In  operating  on  the 
riffht  side  he  commences  the  incision  immediately  above,  and  a  little  to  the 
palmar  aspect  of  the  tubercle  to  be  felt  at  the  outer  side  of  the  base  of  the 
metacarpal  bone  :  from  this  point  he  carries  a  curved  incision  ]>assing  imme- 
diately below  the  metacarpo-phalangeal  articulation  on  the  dorsal  aspect  to  the 
middle  of  the  web  between  the  thumb  and  index  finger.  While  making  this 
incision,  the  operator's  hands  are  necessarily  crossed,  but  this  causes  no  inconve- 
nience if  he  leans  slightly  over  the  patient's  hand.  Still  holding  the  thumb,  the 
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operator  now  snpinates  the  hand,  and  passes  the  knife  by  transfixion  from 
lower  end  of  the  first  incision,  in  the  web,  to  the  point  at  which  '^it  was  c 


Fig.  38. — Amputation  of  Left  Tlminb  and  Metacarpal  Bone. 


menced,  taking  care  to  keep  the  blade  close  to  the  palmar  aspect  of  the  meta- 
carpal bone.    The  palmar  flap  is  now  cut,  the  knife  being  brought  out  in  a 


Fig:        .\nipntation  of  Rii,'lit  Tlunuli  liy  Transfixion.    Cutting  tlie  Anterior  Flap. 


line  exactly  corresponding  to  the  incision  which  has  l)ecn  made  on  tlse  dorsal 
aspect.    During  this  part  of  the  operation  the  thumb  must  be  slightly 
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Fig.  40.-Resiilt  of  Ain- 
putiitiun  of  Thumb. 


adcliicted,  and  care  musfc  be  taken  not  to  haggle  over  the  sesamoid  bones,  and 
at  the  same  time  not  to  notch  tlie  flap  by  turning  the  edge  of  the  knii'e  too 
much  towards  the  palm  in  trying  to  a\oid  them.  The  palmar  flap  being  cut, 
the  Surgeon  hands  the  thumb  to  an  assistant  while  he  dis- 
sects back  the  dorsal  flap  by  a  few  touches  of  the  knife. 
This  being  accomplished,  he  again  takes  the  thumb,  and 
forcibly  abducts  it,  while  he  carefully  passes  the  knife 
down  towards  the  joint,  along  the  palmar  aspect  of  the 
metacarpal  bone,  separating  the  remaining  attachments  of 
the  short  muscles,  and  finally  opening  the  articulation  from 
its  inner  and  palmar  aspect.  During  this  part  of  the 
operation  the  knife  must  be  kept  turned  towards  the 
bone,  so  as  to  avoid  wounding  the  radial  artery  as  it  passes 
between  the  heads  of  the  first  dorsal  interosseous  muscle. 
As  soon  as  the  joint  is  opened,  the  thumb  should  be 
separated  by  twisting  it  round  while  the  edge  of  the  knife 
is  sawed  gently  against  the  base  of  the  bone.  The  radial 
artery,  as  it  winds  below  the  styloid  process,  is  easily 
wounded  at  this  stage  of  the  operation,  unless  the  knife 
is  kept  constantly  in  contact  with  the  bone.  In  opera- 
ting on  the  left  side,  exactly  the  same  course  is  followed, 
except  that  it  is  not  necessaiy  for  the  Surgeon  to  cross  his  hands,  and  the 
first  incision  is  made  from  the  web  to  the  base  of  the  bone,  and  the  transfixion 
from  that  point  to  the  web. 

In  the  oval  method  of  amputating,  which  is,  as  a  rule,  to  be  preferred,  the 
incision  is  commenced  opposite  the  outer  tubercle  at  the  base  of  the  metacarpal 
bone,  and  caiTied  along  the  outer  border  of  the  bone  to  within  about  half-an- 
inch  of  the  head.  From  this  point  an  oval  incision  is  carried  round,  passing 
in  front  over  the  metacai"po-phalangeal  articulation,  thus  completing  a  racket- 
shaped  incision.  The  flaps  are  then  turned  back,  care  being  taken  not 
to  open  the  metacai-po-phalangeal  articulation,  and  the  operation  is  con- 
cluded in  the  same  Avay  as  in  the  transfixion-method.  Should  the  metacarpo- 
phalangeal articulation  be  opened,  the  phalanges  must  be  removed,  and  the 
head  of  the  metacarpal  bone  seized  in  a  pair  of  lion-forceps,  after  which  no 
difliculty  will  be  found  in  finishing  the  operation.  Fig.  40  shows  the  hand 
after  amputation  of  the  thumb. 

The  Metacarpal  Bones,  with  or  without  the  fingers  supported  by  them, 
occasionally  require  removal  for  disease  or  injury.  For  these  operations,  which 
are  not  of  a  very  regular  kind,  it  is  difficult  to  lay  down  definite  rules  ;  in 
performing  them,  care  should  be  taken  to  make  good  flaps  of  sufficient  size, 
l)ut  to  avoid  cutting  into  the  palm  if  possible.  It  is  well  not  to  disarticulate 
the  lower  ends  of  the  bones,  so  as  to  open  the  wrist-joint,  but  rather  to  cut 
them  off  with  bone-forceps  or  a  metacarpal  saw  a  little  above  this.  In  injuries 
from  the  explosion  of  powder-flasks  or  gun-barrels,  when  the  hand  is  much 
shattered,  it  is  of  great  consequence  to  avoid  cutting  up  the  palm  to  too  great 
an  extent ;  and  it  is  well  in  these  cases  to  save  a  finger  if  possible,  which  will 
be  of  more  use  to  the  patient  than  any  artificial  limb,  however  ingeniously  con- 
structed (Figs.  41  and  42).  When  only  one  finger  is  left,  as  the  index  or  little 
finger,  with  the  thumb,  in  cases  of  partial  amputation  of  the  hand  after  injury 
or  for  disease,  the  digit  that  remains  not  only  becomes  more  mobile  than  formerly, 
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hwt  greatly  increased  in  size  and  much  stronger,  so  that  its  utility  is  materially 
augmented.  In  all  cases  in  which  the  extent  of  the  injury  is  doubtful,  the 
hand  may  be  rendered  thoroughly  aseptic  by  immersion  in  a  l)ath  of  carbolic 
acid  lotion  (1  to  20)  for  a  few  minutes,  and  then  dressed  with  some  antiseptic 

dressing  for  a  week  or  more,  and 
a  secondary  amputation  performed 
when  the  limits  of  the  injuiy  are 
clearly  defined.  If  the  prevention 
of  decomposition  is  successfully 
accomplished,  no  constitutional 
or  local  trouble  is  caused  by  this 
mode  of  treatment,  and  the 
amount  saved  is  often  more  than 
was  at  first  expected. 

The  mortality  after  amputation 
of  the  fingers  and  metacarpal 
bones  is  very  trifling.  Should 
death  unfortunately  occur  after 
such  a  slight  operation,  it  would 
probably  be  by  the  accidental  oc- 
currence of  some  general  disease, 
such  as  erysipelas,  pysemia,  or 
tetanus,  to  which  e"\'ery  wound 
renders  a  patient  liable. 
An  excellent  stmnp  may  in  some  cases  be  obtained  by  amputating  between 
the  carpus  and  metacarpus.    All  the  movements  of  the  wrist-joint  remaining 
perfect,  a  very  useful  artificial  hand  can  be  easily  applied. 

Amputation  at  the  Wrist  is  not  very  often  required.  In  performing 
disarticulation  at  this  johit,  its  peculiar  shape,  with  the  convexity  looking 


Fig.  41. — Hand  after  Amputa- 
tion of  Metacar]ial  Bones  and 
First  Two  Finders. 


Fig.  42.— Hand  after 
removal  of  Metacarpal 
Bones  and  Three  Fin- 
gers, leaving  Thumb 
and  little  Finger. 


upwards,  must  be  borne  in  mind.  The  operation  may  be  performed  in  two 
ways,  the  chief  flap  being  cut  either  fi-om  the  dorsal  or  palmar  surface.  In 
the  first  case,  it  is  best  performed  by  Teale's  method  (Fig.  48).  A  perfectly 
square  flap,  whose  four  sides  are  each  equal  in  length  to  half  tlie  circumference  of 
the  limb  at  the  level  of  the  wrist-joint,  is  raised  from  the  back  of  the  hand. 
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It  must  consist  of  skin  and  fat  only,  the  extensor  tendons  being  left  on  the 
hand.  A  short  palmar  flap,  also  composed  of  skin  and  fat  only,  and  equal  in 
length  to  one-quarter  of  the  dorsal  flap,  is  now  raised.  The  extensor  tendons 
may  now  be  divided  at  the  level  of  the  wrist,  and  the  joint  opened  and  dis- 
articulated. Lastly,  both  flaps  being 
held  well  back,  the  flexor  tendons 
are  smoothly  divided  with  a  single 
s^\'eep  of  the  knife.  The  flaps  must 
be  brought  accurately  together  in 
the  way  described  on  p.  63,  Fig.  25. 
By  this  method  the  dorsal  flap  is 
somewhat  long  and  thin,  and  is 
consequently  liable  to  slough  unless 
it  be  very  carefully  raised,  care  being- 
taken  not  to  turn  the  edge  of  the 
knife  to  the  flap,  but  to  keep  it 
constantly  directed  towards  the  parts 
to  be  removed. 

In  amputation  by  the  h7ig  2')ttlmar 
flaj),  the  operation  has  been  per- 
formed, either  by  cutting  the  flap 
from  within  outwards  after  opening 
the  wrist- joint,  or  by  shaping  the 
flap  from  the  palm  first  and  dis- 
articulating afterwards.  The  former 
method  is  objectionable,  as  the  pro- 
minence of  the  pisiform  bone  and 
the  hook  of  the  unciform  on  the 
inner  side  render  its  performance 

extremely  difficult.      In   the   latter  Fig.44.-AmputationattheWnstbyLoi>gPalmaiTIai. 

method   (Fig.   44)  a  large  flap, 

almost  square  in  shape,  but  having  its  angles  rounded  off,  is  marked  out  in  the 
palm  by  an  incision,  commencing  at  one  styloid  process  and  terminating  at  the 
other.  The  flap  should  extend  as  far  as  to  within  one  finger's  In-eadth  of  the  trans- 
verse fold  in  the  palm  opposite  the  heads  of  the  metacarpal  bones.  The  flap 
having  been  thus  marked  out,  is  carefully  raised  from  the  palm,  and  is  made 
to  include  everything  down  to  the  flexor  tendons.  This  is  done  without  diffi- 
culty till  the  ridge  of  the  trapezium  and  the  hook  of  the  unciform  are  met 
with.  At  this  point  gi'eat  care  must  be  taken  to  keep  the  edge  of  the  knife 
turned  towards  the  bones,  w^hile  firm  traction  is  exerted  on  the  flap.  If  this 
be  done  it  will  usually  be  found  that  the  anterior  annular  ligament  and  median 
nerve  have  been  raised  in  the  flap.  When  the  palmar  flap  has  been  raised,  a 
curved  incision  is  made  across  the  back  of  the  wrist,  with  its  convexity  doAvn- 
wards,  connecting  the  two  extremities  of  the  previous  incision  and  marking 
out  a  flap  almost  one  inch  in  length.  The  wrist  being  foi-cibly  flexed,  the 
joint  is  now  opened,  and  the  ligaments  divided.  The  hand  is  attached  now 
only  by  the  flexor  tendons,  which  may  be  divided  by  a  single  sweep  of  the 
knife— the  palmar  flap  being  carefully  held  out  of  the  way.  The  palmar  flap 
will  be  found  usually  to  contain  the  median  and  ulnar  nerves  and  the  super- 
ficial palmar  arch,  with  portions  of  the  muscles  of  the  thumb  and  little  finger. 
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It  is  better  to  cut  the  two  nerves  short,  in  order  to  prevent  their  imphcation 
in  the  cicatrix. 

The  most  common  error  in  performing  this  operation,  and  one  which  must 
be  cai-efully  guarded  against,  is  commencing  the  incision  for  the  pahnar  flap 
too  much  towards  the  pahnar  aspect  of  the  wrist,  instead  of  starting  fi'om  the 
apices  of  the  styloid  processes.  The  base  of  the  flap  may  thus  be  left,  very  thm 
and  narrow.  In  the  after-treatment  it  is  better  to  place  the  stump  supmated 
on  a  piUow  above  the  patient's  head,  so  that  it  may  di-ain  better,  and  the 
flap  have  less  tendency  to  displacement. 

Amputation  of  the  Pore-arm  is  not  unfrequently  required  for  disease  or 
injmy  of  the  wrist  or  hand.  In  performing  this  operation,  as  long  a  stump 
should  be  left  as  possible,  so  as  to  give  the  patient  more  power  over  any 
artiflcial  limb  that  may  be  fitted  to  it.  The  operation  may  be  done  by  equal 
dorsal  and  palmar  flaps.    In  a  muscular  limb  each  flap  must  be  well  rounded 

and  equal  in  length  to  the  antero- 
posterior diameter  of  the  limb  at  the 
point  at  which  the  bones  are  sawn, 
as  the  palmar  flap  especially  has  a 
great  tendency  to  retract.    In  am- 
putating the  right  fore-arm,  the 
Surgeon  stands  above  the  arm,  so 
as  to  have  his  left  hand  to  the 
dorsal  flap,  which  he  will  have  to 
raise  by  dissection.  The  hand  being 
pronated,  the  incision  for  the  dorsal 
flap  is  commenced  at  the  palmar 
aspect  of  the  radius,  is  carried  for- 
ward for   the   necessaiy  distance 
parallel  to  this  bone,  and  then  across 
the  back  of  the  arm  in  a  slightly 
curved  line,  until  it  reaches  the 
palmar  aspect  of  the  uhia  ;  it  then 
passes  along  this  until  it  reaches  a 
point  opposite  to  that  at  which  it 
was  commenced,  and  the  flap  thus  made  is  dissected  back.    Care  must  be 
taken  that  this  flap  is  wide  enough  at  its  free  extremity  ;  it  should  in  fact  be 
a  rectangular  flap  with  its  corners  rounded  oflF.    The  palmar  flap  is  next  made 
by  transfixion  (Fig.  45).    As  soon  as  it  is  cut,  the  bones  are  cleared  by  a 
couple  of  sweeps  of  the  knife,  and  the  interosseous  membrane  is  divided  ;  the 
bones  are  then  sawn  together.    The  vessels  are  cut  long  and  will  be  found  on 
each  side  of  the  palmar  flap  at  the  free  eud.    In  operating  on  the  left,  side  of 
the  body,  the  Surgeon  stands  below  the  arm,  with  his  left  hand,  as  before, 
to  the  flaps,  and  the  incision  is  commenced  from  the  ulnar  side. 

When  the  palmar  flap  is  formed  by  transfixion  in  amputation  of  the  f  ore-ann, 
considerable  inconvenience  is  often  caused  by  the  protrusion  of  the  mass  of 
tendons  and  muscles  included  in  it.  To  avoid  this,  l)oth  flaps  may  be  made  by 
cutting  from  without  inwards.  It  is  advisable  to  make  the  dorsal  flap  a  little 
longer  than  the  palmar,  so  that  the  line  of  the  cicatrix  may  fall  well  away 
from  the  ends  of  the  bones.  The  operation  may  be  thus  performed  (Fig.  40). 
The  Surgeon,  standing  so  as  to  take  the  flaps  in  his  left  hand,  and  holdSio-  the 


Fig.  45.- 


-Aininitation  of  tlie  Fore-ann. 
of  the  Anterior  Fla^i. 


Transfixion 
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arm  with  its  dorsal  snrftico  upwards,  enters  the  knife  at  the  palmar  edge  of  the 
bone  furthest  fi-om  him.  He  then  marks  out  a  flap  from  the  dorsal  surface, 
equal  in  length  to  two-thirds  of  the  antero-posterior  diameter  of  the  limb  at 
the  point  where  it  is  intended  to  saw  the  bones.  The  flap  must  be  sufficiently 
broad,  and  rounded  at  its  corners.  After  raising  this,  taking  only  the  skin 
and  fat,  a  flap  similar  in  shape,  but  half  the  length,  may  be  raised  from  the 
palmar  surface  in  the  same  way.  This  flap  must  be  marked  out  by  drawing 
the  knife  under  the  limb  while  it  is  still  in  the  pronated  position,  but  the  fore- 
arm must  be  supinated  while  it  is  being  dissected  up.  The  knife  is  now  firmly 
swept  round  the  bones  at  the  level  of  the  angle  of  the  flaps  (Fig.  46),  so  as  to 
divide  the  muscles  circularly  at  this  point.  The  soft  parts  are  now  to  be 
retracted  from  the  bones  by  a  process  of  careful  dissection,  for  a  distance  of 
from  three-quarters  of  an  inch  to  one  inch,  and  the  bones  cleaned  and  sawn 
at  this  point.    The  result  is,  that  the  bones  are  buried  in  the  muscles,  and 


over  all  lie  the  light  skin  flaps,  free  fi'om  any  tension  or  tendency  to  displace- 
ment. There  will  be  a  dependent  opening  for  the  exit  of  discharges,  and,  when 
healed,  the  cicatrix  will  be  well  to  the  palmar  aspect  of  the  bones,  and  con- 
sequently free  from  pressure.  It  may  be  found,  in  retracting  the  muscles  from 
the  bones,  that  the  anterior  interosseous  arteiy  has  been  cut  in  more  than  one 
place.  This  may  cause  some  trouble  in  securing  it.  Great  care  should  there- 
fore be  taken  to  avoid  the  accident,  by  keeping  the  edge  of  the  knife  constantly 
turned  towards  the  part  to  be  removed.  If  the  median  and  ulnar  nerves  are 
seen  to  be  cut  somewhat  long,  they  should  be  pulled  out  with  forceps,  and  cut 
short,  so  as  to  avoid,  if  possible,  their  implication  in  the  cicatrix  near  the  end 
of  the  bone. 

Amputation  of  the  Arm  is  most  readily  performed  by  lateral  flaps  made 
by  transfixion  from  before  backwards ;  the  bone  is  then  avcII  cleared  by  a  couple 
of  sweeps  of  the  knife,  and  sawn  across.  In  clearing  the  bone,  care  must  be 
taken  fairly  to  divide  the  musculo-spiral  nerve  by  a  firm  sweep  of  the  knife 
round  the  back  of  the  bone  (Fig.  47),  if  the  amputation  be  performed  in  that 
part  of  the  arm  where  this  nerve  winds  round  the  humerus.  The  operation  is 
also  frequently  performed  by  antero-posterior  flaps.  In  this  method  the  anterior 
flap  is  made  to  include  the  biceps  and  brachiahs  anticus,  and  the  posterior 
contains  the  triceps.    The  brachial  artery  and  the  median  nerve  may  be  left 

H  2 


Fig.  46. — Amputation  of  tlie  Fore-ann  by  Skin  Flaps. 
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in  either  flap  as  may  seem  most  convenient  to  the  operator,  but  care  must  be 
taken  that  the  artery  is  not  pierced  during  the  transfixion.  It  is  sometimes 
recommended  to  cut  the  anterior  flap  longer  than  the  posterior,  but  it  is  better 
as  a  rule  to  make  the  two  flaps  of  equal  length,  as  it  enables  the  operator  to 
saw  the  bone  at  the  lowest  possible  point.  If  the  limb  be  very  muscular,  the 
pure  circular  or  the  modified  circular  (pp.  54  and  G2)  will  give  the  best  result. 

Amputation  at  the  Shoulder-joint  may  be  required  for  injury  of  the 
arm  or  for  disease  of  the  humerus  ;  in  the  first  case  it  may  be  performed  by 
transfixion;  in  the  other,  by  cutting  from  'irithout  imvards.  Haemorrhage 
during  the  operation  must  be  prevented  by  the  means  described  at  page  43. 

In  operating  by  transfixion,  a  long-narrow-bladed  knife  should  be  used. 
One  assistant  must  have  charge  of  the  hmb  ;  another  should  raise  the  flap  ; 


Fig.  47. — Amputation  of  the  Ai-m.    Clearing  the  Bone. 


and  a  third  must  follow  the  knife  as  it  cuts  behind  the  humerus,  and  grasp 
the  inner  flap  with  the  axillary  artery,  so  as  to  prevent  hasmorrhage  from  this 
vessel.    An  assistant  holding  the  arm  away  from  the  body,  so  as  to  relax  the 
deltoid,  the  knife,  instead  of  being  entered  by  a  puncture,  should  make  a 
smaU  cut,  about  an  inch  in  extent,  to  the  point  at  which  transfixion  is  to  be 
made,  so  as  to  prevent  that  jagging  of  the  integuments  by  the  heel  of  the 
instrument  which  would  otherwise  occur.    If  the  operation  be  on  the  right 
side,  the  Surgeon  stands  before  the  patient,  and  the  point  of  the  knife  should 
be  entered  midway  between  the  acromion  and  the  coracoid  process  (Fig.  48)  ; 
and  being  carried  directly  across  the  joint  and  capsule,  should  pass  out  well 
behind  the  acromion,  and  about  an  inch  below  the  spine  of  the  scapula.    If  on 
the  left  side,  the  Surgeon  stands  behind,  and  the  point  of  the  knife  must  be 
entered  well  behind  the  acromion  below  the  spine  of  the  scapula,  at  the  posterior 
border  of  the  axilla,  carried  across  the  anterior  aspect  of  the  joint,  and  brouo-ht 
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out  on  the  outer  side  of  the  coracoid  process.  lu  either  case,  the  large  flap 
contaiuing  the  deltoid  muscle  must  theu  be  cut  by  a  sweep  of  the  knife 
downwards,  and  raised  by  the  assistant.  The  heel  of  the  knife  is  now  to 
be  laid  on  the  head  of  the  bone,  the  capsule  of  the  joint  cut  across,  and  the 
attachments  of  the  muscles  to  the  tuberosities  divided.  In  order  to  facilitate 
this  part  of  the  operation,  it  is  generally  recommended  that  the  arm  should 
be  carried  forcibly  inwards  across  the  chest.  This  may  readily  be  done  in 
the  dissecting-room,  or  in  actual  practice  when  the  limb  is  removed  for 
disease  of  the  humerus,  the  bone  being  entire ;  but  in  the  case  of  com- 


Fig.  48. — Amputation  at  the  Shoulder-joiut  by  Transfixion. 


minuted  fi-acture  of  the  humerus,  with  extensive  laceration  of  soft  parts,  it  is 
useless  to  attempt  this  manoeuvre.  In  a  case  of  this  kind,  the  head  and  upper 
end  of  the  humerus  being  broken  off  from  the  shaft,  the  lever-like  action  of 
the  bone  cannot  be  put  in  force,  and  it  is  sometimes  not  such  an  easy  matter 
as  might  at  first  appear,  to  detach  the  head  from  the  glenoid  cavity.  In  order 
to  do  this,  I  have,  iu  cases  of  comminuted  fracture  of  the  humerus,  in  which  I 
Avas  amputating  at  the  shoulder-joint,  found  it  necessary,  after  opening  the 
capsule,  to  seize  hold  of  the  upper  fragment  and  to  draw  it  forcibly  downwards 
and  outwards  by  inserting  the  fingers  between  the  head  and  the  glenoid  cavity, 
in  order  to  divide  the  muscles  inserted  into  it.  After  the  head  of  the  bone 
has  been  turned  out  of  the  glenoid  cavity,  the  knife  must  be  passed  over  it 
and  carried  down  for  a  distance  of  about  three  inches  close  to  the  bone  at  its 
inner  side  (Fig.  49).  The  Surgeon  then  cuts  across  the  soft  parts,  so  as  to 
form  the  inner  flap.  While  he  is  doing  this,  the  assistant  to  whom  this  part 
is  entrusted,  must  follow  the  knife  with  his  hands,  gi-asping  firmly  the  whole 
thickness  of  the  inner  flap,  so  as  to  compress  the  axillary  artery,  and  thus 
prevent  the  occurrence  of  haemorrhage  (Fig.  50).    The  Surgeon  should  not 
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finish  cutting  the  flap  until  the  assistant  tells  him  that  he  holds  the  yessel 
firmly,  and  then  he  must  be  cautious  not  to  injure  his  assistant's  fingers.  The 
artery  will  be  found  to  be  cut  long  in  the  middle  of  the  inner  flap,  and  a  few 
smaller  branches  may  require  to  be  tied  at  its  inner  angle,  and  in  the  deltoid. 
The  stump  after  it  is  healed  -oill  present  the  appearance  shown  in  Fig.  52. 

Unless  the  deltoid  is  well  developed  and  well  covered  by  subcutaneous  fat,  it 
is  usually  impossible  to  make  a  flap  sufficiently  wide  to  form  an  efficient  cover- 
ing by  transfixion  in  this  way,  and  it  must  then  be  raised  by  dissection.  The 
line  of  the  incision  through  the  skin  corresponds  exactly  with  that  just 


Fig.  49.— Amputation  at  the  Shouhler-jnint.    Opening  the  Capsule,  aud  making  Inner  Flap. 

described.  In  operating  on  the  right  side  the  Surgeon,  standing  below  the 
shoulder,  grasps  the  arm  and  carries  it  slightly  over  the  trunk  ;  he  then  com- 
mences his  incision  well  behind  the  acromion,  and  a  short  distance  below  the 
spine  of  the  scapula,  near  the  posterior  fold  of  the  axilla,  cai-rying  it  down- 
wards to  the  level  of  the  insertion  of  the  deltoid,  and  upwards  to  a  point  a 
little  external  to  the  coracoid  process.  He  thus  follows  the  ordinary  rule  of 
cutting  from  his  left  hand  to  his  right.  On  the  left  side  the  du-ection  of 
the  incision  is  reversed.  The  deltoid  being  dissected  up,  the  joint  is  opened 
and  the  inner  flap  cut  in  the  usual  way.  The  deltoid  flap  may  be  raised  by 
means  of  a  short  knife,  should  the  operator  prefer  it ;  a  broad  bistoury  is 
very  convenient.  It  must  be  changed  for  a  long  amputating  knife  after  the 
joint  is  opened.  This  method  of  operating  is  specially  adapted  to  cases  of 
disease,  and  more  particularly  of  tumour  of  the  humerus,  by  which  the  soft 
parts  are  stretched  and  thinned.  I  have  in  this  way  easily  performed  ampu- 
tation at  the  shoulder-joint  for  large  tumours  of  the  head  of  the  humerus 
Amputation  by  antero-posterior  flaps,  or  Lisfi-anc's  method,  differs  some- 
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what  ft'om  the  operation  described  above.  It  is  thus  performed  : — If  it  is  the 
left  arm  that  is  to  be  removed,  the  Sm-geon  grasps  the  hmb  as  near  the  elbow 
as  possible,  and  carries  it  ontAvards  nearly  to  a  right  angle  with  the  trunk. 
He  then  inserts  the  knife  immediately  in  front  of  the  posterior  fold  of  the 
axilla,  and  passing  it  upwards,  so  that  it  crosses  the  neck  of  the  humerus  at  its 
posterior  aspect,  immediately  below  the  head,  he  makes  the  point  emerge  just 
anterior  to  the  acromion.  The  knife  is  then  brought  out  in  such  a  Avay  as  to 
cut  a  neatly  rounded  flap  some  four  inches  or  more  in  length  from  the 
posterior  asj)ect  of  the  limb.    The  arm  is  then  crossed  over  the  body,  the  joint 


Fig.  50.— Amputation  at  the  Shoulder-joint.   Holding  Vessels  in  the  Inner  Flap. 

opened,  and  the  operation  finished  in  the  same  way  as  that  previously  described. 
In  operating  on  the  right  side  the  transfixion  is  made  from  immediately  in 
front  of  the  acromion  to  the  posterior  border  of  the  axilla.  The  great  rapidity 
with  which  this  operation  can  be  performed  caused  it  to  be  highly  appreciated 
before  the  invention  of  chloroform.  It  leaves  the  scar,  however,  in  a  more 
exposed  situation  than  when  a  pure  deltoid  flap  is  raised. 

Amputaimi  at  Shoulder  hy  Oval  Method. — In  cases  in  which,  fi-om  the  state 
of  the  bone,  the  manipulations  necessaiy  for  amputation  by  transfixion  are  im- 
possible, the  method  originally  invented  by  Larrey,  or  some  modification  of  it, 
must  be  adopted.  Larrey  commenced  his  operation  l)y  a  vertical  incision 
down  to  the  bone,  about  two  inches  in  length,  commencing  immediately  below 
the  acromion  process.  From  the  end  of  this  he  made  a  curved  incision  on 
each  side,  reaching  to  the  corresponding  fold  of  the  axilla.  The  two  flaps  thus 
formed  were  dissected  up,  and  the  head  of  the  bone  disarticulated.  The  knife 
was  then  passed  internally  to  the  head  of  the  bone,  and  carried  downwards 
while  an  assistant  followed  it  with  his  hands  to  compress  the  axillary  artery. 


104 


SPECIAL  AMPUTATIONS. 


The  operation  was  completed  by  dividing  the  tissues  in  the  axilla,  between  the 
ends  of  the  two  curved  incisions  previously  made  to  its  borders. 

The  most  important  modification  of  this  method  is  that  of  Spence,  which  is 
specially  adapted  for  gun-shot  wounds  of  the  upper  end  of  the  humerus.  It 
consists  in  carrying  the  vertical  incision  further  forwards,  and  commencing  it 
just  external  to  and  below  the  tip  of  the  coracoid  process,  as  in  excision 
of  the  shoulder- joint.  The  incision  ought  to  expose  the  tendon  of  the  long  head 
of  the  biceps  lying  parallel  to  it.  This  may  be  turned  on  one  side,  and  the 
joiut  opened  and  examined  ;  and  if  from  the  state  of  the  parts  it  be  still  con- 


Fig.  51.— Ainputotion  at  Shoulder  by  Spence's  Method. 

sidered  necessary  to  amputate,  the  operation  is  completed  by  making  an  oval 
incision  through  the  skin  fi'om  the  end  of  the  original  cut,  taking  care  not  to  go 
so  deeply  on  the  inner  side  as  to  wound  the  vessels.  The  outer  flap  is  then  dis- 
sected up,  so  as  to  enable  the  Surgeon  to  get  his  knife  internal  to  the  head  of  the 
bone,  between  i  t  and  the  axillary  artery  (Fig.  .51).  The  assistant  follows  the  knife 
with  his  hands,  and  grasps  the  vessels,  and  the  operation  is  finished  by  dividing 
the  tissues  left  uncut  at  the  inner  side. 

In  this  mode  of  operating  much  loss  of  blood  may  be  saved  by  securing 
the  vessels  cut  in  the  first  part  of  the  operation  before  opening  the  joint  and 
proceeding  to  the  division  of  the  tissues  at  the  inner  side  of  the  arm. 

General  Results  of  Amputations  of  the  Upper  Limb. — x\mputations  of 
the  upper  extremity,  even  for  injury,  are  extremely  successful.  In  the  Crimea, 
amputations  of  the  fore-arm  were  fatal  in  the  ratio  of  5,  and  those  of  the  arm 
of  24'5  per  cent.    Max  Schede,  who  has  collected  the  statistics  of  the  opera- 
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tions  from  the  medical  reports  of  all  the  chief  wars  since  the  peace  of  1815, 
gives  the  following  results  for  amputations  of  the  fore-arm  ;  primary,  1034, 
with  100  deaths,  or  9*7  per  cent.  ;  intermediate,  454,  with  109  deaths,  or  24 
per  cent. ;  secondary,  242,  with  62  deaths,  or  25-6  per  cent.  ;  time  not  stated, 
719,  with  250  deaths,  or  34-8  per  cent. 

The  Table  at  p.  82,  in  the  last  chapter,  gives  a  mortality  of  34'4  per  cent, 
for  amputations  for  injury  of  the  upper  arm,  and  of  10-5  per  cent,  for 
amputation  of  the  fore-arm.  At  Guy's  Hospital,  Bryant  states  that  amputa- 
tions for  injury  of  the  fore-arm  were  fotal  in  the  ratio  of  IG,  and  those  of 
the  upper  arm  of  22  per  cent.  At  University  College,  in  Liston's  and  my 
practice,  of  12  amputations  for  injury  of  the  upper  arm,  there  were  5  deaths  ; 
whilst  of  8  in  which  the  fore-arm  was  removed,  all  recovered.  The  cause  of 
death  ^vas  in  most  cases  pyaemia,  erysipelas,  or  septicemia. 

Amputations  of  the  fore-arm  and  arm  for  disease,  more  particularly  for 
strumous  affections  of  the  bones  and  joints,  are  very  successful  operations ; 
when  they  are  done  for  malig-nant  disease,  the  risk  is  greater.  In  the  table 
already  referred  to,  the  mortaUty  after  amputation  of  the  arm  for  disease  is 
20  per  cent.,  and  of  the  fore-arm  15*9  per  cent. 

Max  Schede  gives  in  his  tables  the  result  of  a  collection  of  the  cases  reported 
as  having  been  operated  on  in  large  hospitals  for  the  twenty  years  previous 
to  1880.  They  are  as  follows  :  amputation  of  the  arm  for  injury,  11G7  cases, 
3(54  deaths,  or  31  per  cent.  ;  for  disease,  441  cases,  81  deaths,  or  18*4  per 
cent.  :  amputation  at  the  elbow-joint  for  injury,  23  cases,  6  deaths,  or  2G  per 
cent.  ;  for  disease,  8  cases,  1  death  or  12'5  per  cent.  Amputation  of  the  fore- 
arm, 1316  cases,  143  deaths,  or  10'8  per  cent.  ;  for  disease,  506  cases,  62 
deaths,  or  12*2  per  cent.  Amputation  at  the  wrist  for  injury,  199  cases,  5 
deaths,  or  2*5  per  cent.  ;  for  disease,  27  cases,  0  deaths. 

Amputation  at  the  shoulder-joint  for  injuiy,  although  necessarily  more  fatal, 
is  very  successful  for  so  severe  a  procedure.  In  46  recorded  cases  in  civil 
practice,  there  were  26  deaths,  or  56"5  per  cent.,  while  of  607  cases  in  military 
surgery,  294,  or  48*4  per  cent.,  died.  In  the  French  army  in  the  Crimea,  of 
222  cases,  137  died,  or  61*7  per  cent.  ;  while  in  the  EngHsh  army  during  the 
same  war,  the  mortality  was  only  35  per  cent.,  and  in  the  war  of  the  American 
rebellion,  it  was  39*2  per  cent.  At  University  College  Hospital,  I  have  done 
the  operation  six  times  with  one  fatal  result.  When  this  operation  proves 
fatal,  the  patient  usually  sinks  from  exhaustion,  or  is  carried  ofl*  by  erysipelas 
or  gangrene  of  the  stump. 

Amputation  at  the  shoulder-joint  for  disease  of  the  humerus  is  a  very 
successfal  procedure,  considering  the  size  of  the  part  removed,  and  its  proximity 
to  the  trunk. 

Max  Schede's  tables  show  the  following  results :  amputation  at  the  shoulder- 
joint  in  civil  practice  for  disease,  188  cases,  33  deaths,  or  28  per  cent.  ;  for 
injury,  274  cases,  116  deaths,  or  42*3  per  cent.  In  military  practice  : 
primary,  585  cases,  142  deaths,  or  24  per  cent.  ;  intermediate,  175  cases,  82 
deaths,  or  46-8  per  cent. ;  secondary,  140  cases,  59  deaths,  or  42-1  per  cent.  ; 
time  not  stated,  851  cases,  414  deaths,  or  55-1  per  cent.  The  very  high 
death-rate  amongst  those  in  which  the  time  of  operation  is  not  stated,  arises 
from  the  fact  that  all  the  French  operations  during  the  Crimean  War  come 
entirely  in  that  class,  and  the  mortality  amongst  all  the  French  wounded 
during  that  campaign  was  exceptionally  great.    If  these  are  excluded,  the 
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52. — Stnmp  after  Amputation  at 
tlic  Shouldcr-joiiit. 


death  rate  is  only  24  per  cent.  The  combined  results  of  Socm,  Volkmann, 
Max  Schede,  and  Bnsch,  of  cases  treated  by  the  antiseptic  method  show 
results  much  more  favourable  than  those  above  given.    Excluding  double 

amputations,  cases  with  fatal  injuries  distinct 
from  that  for  which  the  operation  was  per- 
formed, cases  operated  on  for  spreading  gan- 
grene, pyemia  or  septicaemia,  the  following 
results  are  obtained.    Shoulder- joint,  for  injury, 

4  cases,  1  death  (shock  in  four  hours)  ;  disease, 

5  cases,  0  deaths  ;  arm,  for  injury,  20  cases, 

0  deaths  ;  for  disease,  12  cases,  0  deaths  ;  fore- 
arm, for  injury,  34  cases,  0  deaths  ;  for  disease, 
13  cases,  0  deaths.  The  reports  of  Bardeleben 
Billroth  and  Bruns,  puljlished  before  the  in- 
vention of  the  anti-septic  method,  excluding,  as 
before,  all  complicated  cases,  give  the  following 
results  :  shoulder -joint  for  injury,  9  cases, 
5  deaths  ;  for  disease,  6  cases,  3  deaths  ;  arm, 
for  injury,  22  cases,  6  deaths  ;  for  disease,  19 
cases,  0  deaths  ;  fore-arm,  for  injury,  20  cases, 

1  death  ;  for  disease,  22  cases  and  2  deaths. 
Amputations  of  the  Foot.  —  The  Pha- 
langes of  the  Toes  seldom  require  ampu- 
tation :  when  they  do,  they  may  be  removed 

in  the  same  way  as  the  corresponding  parts  of  the  hand — l^y  the  formation 
of  a  flap  on  the  plantar  surface,  either  by  cutting  from  above  downwards,  or 
by  transfixion. 

In  removing  a  bone  at  the  IVCetatarso-phalangeal  Articulation,  the  oval 

method  should  always  be  jDractised,  so  that  the  sole  of  the  foot  may  not  be 
cut  into.  In  doing  this  it  must  be  remembered  that  the  articulation  is  situated 
considerably  above  the  web  of  the  toes,  and  the  incision  must  therefore  be  com- 
menced proportionately  far  backwards  (Fig.  53).  As  a  general  rule,  it  will  be 
found  that  the  articulation  is  about  the  same  distance  above  the  web  as  the 
point  of  the  toe  is  below  it.  Another  guide  to  the  joints  is  obtained  by  draw- 
ing a  line  straight  across  the  foot  from  the  metatarso-phalangeal  joint  of  the 
great  toe,  which  can  usually  be  clearly  felt. 

In  removing  any  of  the  three  middle  toes,  those  on  each  side  must  be  forcibly 
separated,  and  at  the  same  time  flexed  as  much  as  possible  by  pieces  of  bandage 
passed  round  them.  The  toes  are  too  short  to  be  held  aside  satisfactorily  by 
the  fingers  of  the  assistant.  The  forcible  flexion  of  the  neighbouring  toes 
renders  the  articulation  more  superficial  and  greatly  facilitates  the  operation. 

Amputation  of  the  Great  Toe  is  frequently  required  for  injury  and  for 
destruction  of  the  metatarso-phalangeal  joint  by  extension  of  inflammation 
into  it  from  a  suppurating  bunion.  In  such  cases  the  head  of  the  metatarsal 
bone  should  never  be  removed  if  it  can  possibly  be  saved,  as  it  forms  the 
anterior  extremity  of  the  arch  of  the  foot  on  the  inner  side,  and  its  loss  tends 
to  cause  the  foot  to  turn  outwards.  It  is  a  common  error  in  this  operation 
to  leave  an  insufficient  covering  for  the  head  of  the  bone,  the  great  size  of 
which  should  always  be  borne  in  mind.  To  avoid  this  the  operation  should 
be  performed  by  the  racket-shaped  incision,  the  oval  part  of  which  should  not 
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commence  till  the  knife  has  reached  the  middle  of  the  proximal  phalanx,  and 
should  pass,  on  the  inner  side,  over  the  line  of  the  articulation  between  the 
two  phalanges.  This  amount  of  covering  will  not  be  found  more  than  suffici- 
cient.  In  operations  for  injury  it  is  not  always  possible  to  save  so  much,  but 
all  should  be  preserved  that  can  be. 

Anatomical  Guides  in  the  Foot.— In  operating  on  the  foot  beyond  the 
removal  of  separate  toes,  certain  anatomical  guiding  points  must  be  kept  in 
mind,  some  of  which  are  usually  perceptible  even  in  cases  of  disease.  Oppo- 
site the  ankle-joint  are  the  two  malleoli.  The  tips  of  these,  it  must  be 
remembered,  are  not  opposite  each  other,  the  external  being  the  lower 


Fig.  63.  — Incision  and  Position  of  J  oint  in  Amputation  of  a  Too. 


and  posterior,  so  that  w4ien,  in  Syme's  operation,  or  in  Pirogoff 's,  the  direc- 
tion is  given  to  cut  from  the  tip  of  the  outer  malleolus  to  the  corresponding 
point  on  the  other  side,  it  means  to  a  point  a  little  behind  and  below  the 
inner  malleolus. 

The  next  point  of  importance  on  the  inner  side  is  the  tubercle  of  the 
scaphoid,  which  forms  a  rounded  prominence  about  half  an  inch  in  width. 
Its  posterior  border  corresponds  to  the  articulation  between  the  scaphoid  and 
the  head  of  the  astragalus  and  its  anterior  to  that  between  the  scaphoid  and 
the  internal  cuneiform.  The  internal  cuneiform  is  about  one  inch  in  length, 
so,  at  that  distance  from  the  anterior  edge  of  the  tubercle  of  the  scaphoid, 
will  be  found  the  articulation  between  the  cuneiform  and  the  metatarsal  bone 
of  the  great  toe,  immediately  in  front  of  which  is  the  well-marked  tubercle  at 
the  base  of  that  bone.  On  the  outer  side,  below  and  a  little  in  front  of  the 
external  malleolus,  is  the  outer  tubercle  of  the  os  calcis,  which  is  often  but 
indistinctly  felt.  About  the  middle  of  the  foot  the  tubercle  at  the  base  of  the 
fifth  metatarsal  bone  forms  a  very  marked  prominence,  Mid-w\ay  between 
the  base  of  the  fifth  metatarsal  bone  and  the  tip  of  the  external  malleolus  is 
situated  the  articulation  between  the  cuboid  and  os  calcis  ;  and  this  point  is 
exactly  opposite  the  tubercle  of  the  scaphoid  on  the  inner  side. 
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The  Metatarsal  Bone  of  the  Great  Toe  occasionally  requires  removal  in 
whole  or  in  i)arfc.  The  whole  of  the  bone  may  be  readily  removed  by  one  of 
two  methods  :  1,  by  the  flap  ;  2,  by  an  oval  amputation. 

1.  The  Flap  Amputation  is  done  as  follows.  The  point  of  a  strong,  broad 
bistoury  is  entered  on  the  dorsum  of  the  foot  over  the  interspace  between  the 
first  and  second  metatarsal  bones,  as  far  back  as  possible  ;  it  is  then  caiTied 
forwards  upon  the  ball  of  the  great  toe,  to  a  point  opposite  to  the  web  between 
the  toes,  and  thence  made  to  sink  into  the  sole  of  the  foot  in  a  line  parallel 
to  the  outer  margin  of  the  bone  ;  the  flap  thus  formed  is  dissected  back,  its 
plantar  aspect  being  kept  as  thick  and  fleshy  as  possible  (Fig.  54).  The 
Surgeon  next  passes  the  knife  between  the  first  and  second  metatai'sal  bones, 
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Fig.  54.— Amiiutation  of  tlie  Great  Toe  and  its  Metatarsal  Bone  by  an  Internal  Flap. 

and  cuts  directly  forwards  through  the  centre  of  the  angle  between  the  great 
and  the  second  toes.  In  doing  this,  care  must  be  taken  that  the  edge  of  the 
knife  is  not  directed  too  much  towards  the  metatarsal  bone  of  the  great  toe, 
lest  it  hitch  against  one  of  the  sesamoid  bones.  The  Surgeon  next  seizes  the 
extremity  of  the  toe,  and,  pulling  it  well  inwards,  passes  the  point  of  the 
bistoury  deeply  into  the  angle  of  the  wound  (Fig.  54),  where,  by  the  division 
of  some  tendinous  and  ligamentous  fibres  that  constitute  the  key  of  the 
joint,  he  opens  the  articulation,  and  detaches  the  bone  by  lightly  touching 
its  ligamentous  attachments.  By  keeping  the  edge  of  the  knife  well  against 
the  side  of  the  bone,  he  may  avoid  wounding  the  dorsal  artery  of  the  foot, 
the  bleeding  from  which  would  be  troublesome.  When  the  bone  is  to  be 
partially  removed,  the  operation  must  be  performed  in  the  same  way  ;  the 
incisions,  however,  not  being  carried  so  far  backwards. 

2.  In  Amputation  hij  the  Oval  Method,  the  point  of  the  bistoury  is  entered  on 
the  dorsum  of  the  foot,  just  behind  the  tarsal  end  of  the  bone.  An  incision  is 
carried  up  to  the  digital  interspace,  and  is  made  to  circle  round  the  base  of  the 
first  phalanx,  so  as  to  join  the  first  line  of  incision  on  the  dorsmn  (Fig.  55), 
taking  care  not  to  commence  the  oval  part  too  soon.  The  soft  structures  on 
the  inner  side  are  then  dissected  down,  the  knife  being  kept  close  to  the  bone. 
The  same  process  is  carried  on  at  the  outer  side,  the  blade  being  made  to 
sweep  under  the  bone  from  without  inward,  and  the  joint  opened  as  described 
in  the  flap  operation. 
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■  This  process  has  the  advantage  of  leaving  the  sole  uninjured.  It  has  the 
disadvantage  of  favouring  an  accumulation  of  pus  at  the  deeper  part  of  the 
wound. 

The  operation  may  be  greatly  facilitated,  and  the  tendency  to  accumulation 
of  discharges  diminished  by  commencing  the  incision  at  the  side  of  the  foot 
immediately  behind  the  tuberosity  at  tlie  base  of  the  metatarsal  bone,  one  inch 


Fig.  55.— Amputation  of  the  Great  Toe  by  Oval  Metliod. 


in  front  of  the  tuberosity  of  the  scaphoid.  It  is  then  carried  towards  the 
dorsum  of  the  foot,  following  the  line  of  the  articulation  ;  on  reaching  the 
dorsum  it  is  curved  sharply  round  into  the  line  of  the  metatarsal  bone,  and  the 
operation  finished  as  just  described. 

3.  If  the  disease  be  limited  to  the  anterior  part,  the  shaft  of  the  bone  should 
be  cut  across  with  a  pair  of  bone-nippers,  and  its  base  left. 

The  Metatarsal  Bone  of  the  Little  Toe  may  conveniently  be  removed 
by  an  oval  incision,  so  as  to  avoid  wounding  the  sole  of  the  foot.    This  is  best 


Fig.  56.— Amputation  of  the  Little  Toe  and  its  Metatarsal  Bone  V)y  the  Eacket-sliaped  Incision. 

done  by  entering  the  point  of  the  knife  just  behind  the  tubercle  of  the  bone, 
canying  it  forwards  and  inwards  in  the  line  of  its  articulation  witli  the  cuboid, 
to  the  centre  of  the  fourth  digital  interspace,  and  thence  forwards  to  the  web 
of  the  toe  ;  the  knife  is  next  carried  round  the  plantar  surface  of  this,  the 
incision  being  continued  obliquely  into  that  which  has  been  made  on  the 
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dorsum  of  the  foot  (Fig.  56).  The  small  flap  thus  formed  is  dissected  well 
down,  the  knife  passed  round  the  under  surface  of  the  bone,  and  the  joint 
opened  by  the  toe  being  forcibly  diwn  outwards,  and  its  ligamentous  con- 
nections lightly  divided. 

The  middle  metatarsal  bones,  when  diseased,  do  not  admit  of  separate 
removal  so  as  to  leave  a  foot  that  would  be  useful  to  a  j)atieut. 

Amputation  of  the  Metatarsus. — When  the  metatarsus  and  anterior 
part  of  the  foot  are  diseased  or  injured  so  as  to  require  removal,  the  amputa- 
tion may  be  effected  by  one  of  two  methods  ;  viz.,  1.  By  making  a  flap  from 
the  sole  and  a  transverse  incision  across  the  dorsum,  and  then  sawing  across 
the  metatarsus  as  a  whole  above  the  seat  of  injury  or  disease  ;  or,  2.  By  dis- 
ai'ticulating  the  metatarsus  from  the  tarsus. 

The  first  operation — that  of  sawing  through  the  metatarsus — is  sometimes 
called  Lisfranc's  ;  but  in  reality  it  was  practised  and  described  by  Hey  long 
before  Lisfranc's  time.  By  "Hey's  Amputation"  is  usually  meant  the 
disarticulation  of  the  metatarsus  fi'om  the  tarsus,  and  the  formation  of  a  flap 
from  the  anterior  part  of  the  sole  of  the  foot.  But  Hey  describes  three 
different  amputations,  only  one  of  which  corresponds  to  this  method.  In 
his  "Practical  Observations,  London,  1814,"  p.  550,  he  says,  "I  have  judged 
it  to  be  the  safer  method  to  take  away  all  the  diseased  integuments  by  a 
transverse  and  a  longitudinal  incision  made  at  right  angles  to  each  other, 
and  then  to  saw  off  the  metatarsal  bones  as  far  as  the  morbid  integuments 
extended." 

At  p.  553  he  says,  that  in  operating  on  a  girl  about  18,  a  method  suggested 
itself  to  him  "  of  finishing  the  operation,  which  proved  highly  advantageous 
to  the  patient.  Having  dissected  out  the  metatarsal  bones  and  removed  the 
toes  by  a  transverse  incision  made  at  their  junction  with  the  metatarsal  bones, 
I  elevated  the  integuments  and  muscles  forming  the  sole  of  the  foot,  &c." 
This  operation  was  done  in  the  year  1797. 

In  the  year  1799,  p.  554,  he  states  that  he  operated  as  follows.  "  I  removed 
all  the  toes  at  their  junction,  with  the  metatarsal  bones,  and  then  separated 
the  integuments  and  muscles,  forming  the  sole  of  the  foot,  from  the  inferior 
part  of  the  metatarsal  bones,  keeping  the  edge  of  my  scalpel  as  near  the  bones 

as  I  could  I  then  separated  with  the  scalpel  the  four  smaller  metatarsal 

bones  at  their  junction  with  the  tarsus,  which  was  easily  effected,  as  the  joints 
lie  in  a  straight  line  across  the  foot.  The  projecting  part  of  the  first  cuneiform 
bone  which  supports  the  great  toe,  I  was  obliged  to  divide  with  a  saw." 

Thus  it  would  appear  that  in  the  first  case  Hey  saived  across  the  metatarsal 
bones  after  having  made  the  flap.  In  the  second  case,  he  dissected  out  all  the 
metatarsal  bones,  and  then  made  a  flap  from  the  sole.  In  the  third  case,  he 
first  made  the  sole-flap,  and  then,  havmg  dissected  out  the  four  smaller 
metatarsal  bones,  saived  across  the  internal  cuneiform  ;  thus  combining  the 
two  methods  of  cutting  and  sawing. 

In  order  to  avoid  any  possibility  [of  error,  it  is  better  to  discard  the  terms 
Hey's  and  Lisft-anc's  operation,  and  to  describe  these  operations  as  "  amputa- 
tion through  the  metatarsus,"  and  the  "  tarso-metatarsal  amputation," 

The  ivJioJe  of  the  Metatarsus  may  be  removed  fr^om  the  tarsus  by  the  opera- 
tion originally  planned  and  executed  by  Hey.  This  consists  in  first  of  all 
making,  in  the  sole  of  the  foot,  a  curved  incision  reaching  to  the  roots  of  the 
toes,  one  horn  of  which  commences  at  the  tubercle  of  the  fifth  metatarsal  bone, 


HETS  TARSO-METATAESAL  AMPUTATION. 


Ill 


whilst  the  other  terminates  at  that  of  the  iirst,  or  one  inch  in  front  of  the 
tubercle  of  the  scaphoid.  The  flap  thus  marked  out  is  carefully  raised, 
taking  skin  and  fat  only  for  the  first  inch,  and  after  that  all  the  soft  parts 
down  to  the  bone.    On  the  left  side  the  direction  of  the  incision  is  reversed. 


Fig.  57. — B.  Line  of  Hey'.s,  or  Tar.so-Meta- 

tarsal,  Amputation.  A.  Line  of  Chopart's,  Fig.  58. — Chopart's  Operation.    Flap  formed  before 

or  Medio-Tarsal,  Amputation.  Disarticulation. 

A  small  flap  is  then  made  on  the  dorsum  of  the  foot  and  the  articulations  are 
exposed.  These  must  then  ])e  opened  with  some  care,  as  they  are  very  irregu- 
lar (Fig.  57)  ;  the  second  metatarsal  bone,  especially,  being  sunk  into  a  kind 
of  pit  between  the  inner  and  outer  cmieiform  bones,  and  the  articulation  of  the 
fifth,  with  the  cuboid,  being  very  oblique.  The  line  of  the  articulation  is  best 
found  by  forcing  downwards  the  anterior  part  of  the  foot,  while  the  point  of 
the  knife  is  drawn  across  the  line  of  the  joints.  As  each  is  touched  it  will 
gape  slightly,  but  they  are  prevented  from  opening  fuUy  by  the  very  strong 
interosseous  ligament  which  passes  between  the  outer  side  of  the  internal 
cuneiform  and  the  base  of  the  second  metatarsal  bone.  This  can  be  divided 
only  by  forcing  the  knife  upwards  between  the  two  bones,  taking  care  while 
so  doing  not  to  wound  the  base  of  the  sole  flap  with  the  point.  As  soon  as 
this  ligament  is  divided,  the  whole  line  of  joints  readily  brealcs  open,  and  dis- 
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articulation  is  performed  without  further  difficulty.  This  operation  is  seldom 
practised,  disease  being  rarely  limited  to  the  metatarsal  bones,  ])nt  usually 

implicating  the  joints  as  well.  Their  dis- 
articulation from  the  tarsus  is,  moreover, 
very  troublesome,  on  account  of  the  irregu- 
larity of  the  line  of  articulation  ;  hence  it 
is  better  to  saw  through  the  metatarsus 
just  in  front  of  the  tarsal  articulations, 
than  to  attempt  to  disjoint  the  bones.  A 
combination  of  these  two  procedm'es  may 
sometimes  be  advantageously  adopted.  In 
several  of  those  severe  crushes  of  the 
anterior  part  of  the  foot,  that  are  not  un- 
frequently  the  result  of  tram-car  or  rail- 
way injury,  and  in  which  the  bones  and 
soft  parts  are  irregularly  crushed  and  torn, 
I  have  made  a  very  excellent  stump  by  dis- 
articulating the  first  and  the  fifth  meta- 
tarsal bones,  and  sawing  across  the  three 
middle  ones  almost  an  inch  anterior  to 
their  articulations  with  the  tarsus,  or  by 
simply  dissecting  back  the  sole  of  the  foot, 
clearing  the  bones,  and  sawing  them  across 
at  a  convenient  line. 

Amputation  through  the  Tarsus 
may  conveniently  be  performed  by  Cho- 
part's,  or  the  medio-tarsal,  operation,  which  consists  in  disarticulation  in 
the  line  between  the  os  calcis  and  astragalus  behind,  and  the  cuboid  and 
scaphoid  in  front  (Fig,  57).    This  operation  may  be  performed  in  two  Avays, 


Fig.  50.— A.  Line  of  Incision  for  Ampu- 
tation of  Great  Toe  and  Metatarsal 
Bone.  B.  Line  for  Chopart's  Anipn- 
tation.  C.  Line  for  Excision  of  tlic 
Os  Calcis. 


Fig.  CO.— Cliopart's  Amputation.   The  Flap  being  cut  after  Disarticulation. 

either  by  first  making  the  flap  from  the  sole  of  the  foot,  and  then  disarticu- 
lating (Fig.  58)  ;  or,  the  joints  having  been  cut  through  from  the  dorsum, 
the  flap  may  afterwards  be  made  (Fig.  60).  In  the  latter  plan  a  smoother  end 
-\vill  be  obtained  by  transfixing  the  flap  as  in  Figure  60,  and  cutting  it  in  tw^o 
parts  from  the  middle.  I  prefer  the  first  plan,  as  it  enables  the  Surgeon  to 
make  a  more  correctly  fashioned  flap. 


CHOPARTS  MEDIO-TARSAL  AMPUTATION. 
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In  operating  on  the  left  foot,  the  knife,  a  stont  bistoniy,  shonld  be  entered 
immediately  behind  the  tnbercle  of  the  scaphoid,  and  carried  forwards  to 
abont  the  head  of  the  metatarsal  bone  of  the  great  toe,  then  right  across  the 
sole,  and  down  the  outer  side  of  the  foot,  as  fiir  as  mid- way  between  the  tip  of 
the  external  malleolus  and  the  base  of  the  fifth  metatarsal  bone.  The  two 
guiding  points  are  exactly  opposite  each  other,  and  if  one  is  concealed  by  the 
swelling  of  the  foot,  the  other  can  usually  be  found. 

On  the  right  foot  this  line  of  incision  is  reversed  by  the  knife  being  entered 
half  an  inch  behind  the  metatarsal  bone  of  the  little  toe,  carried  forwards  to 
the  root  of  the  toes,  across  the  sole,  and  down  the  inner  side  to  behind  the 
tubercle  of  the  scaphoid  (Fig.  59,  b.).  This  flap  should  be  made  long,  especi- 
ally at  the  inner  side,  but  well  rounded  at  the  angles,  and  should  consist  of 
the  whole  thickness  of  the  parts  in  the  sole  of  the  foot,  which  must  be  well 
dissected  out  from  the  concavity  under  the  metatarsal  bones.  But  m  children 
and  young  adults,  in  whom  the  foot  is  often  long  and  the  tarsus  thin,  the  flap 
need  not  be  made  so  long.  The  sole  flap  having  been  raised,  a  convex  incision 
is  made  over  the  dorsum  from  one  horn  to  the  other  of  the  plantar  flap  ;  the 
parts  are  well  retracted,  and  the  articulations  opened  by  the  Surgeon  bearing 
firmly  upon  the  anterior  part  of  the  foot,  and  lightly  touching  the  ligamentous 
structures  with  the  point  of  his  bistouiy.  In  this  stage  of  the  operation, 
care  must  be  taken  that  the  edge  of  the  bistoury  be  not  inclined  too  much 
backwards,  lest  it  slip  over  the  astragalus  and  open  the  ankle-joint ;  or  too 
far  forwards,  lest  it  pass  anterior  to  the  scaphoid — between  it  and  the  cunei- 
form bones.  After  disarticulation  has  been  produced,  the  projecting  head  of 
the  astragalus  and  the  articular  surface  of  the  os  calcis  should  be  sawn  off. 
In  more  than  one  instance,  I  have  found  firm  osseous  ankylosis  existing  in 
the  line  of  articulations,  requiring  the  use  of  the  saw  for  the  separation  of 
the  anterior  part  of  the  foot.  When  this  complication  occurs,  the  tarsus 
should  be  treated  as  a  whole,  and  sawn  through,  irrespective  of  articulations, 
behind  the  limits  of  the  disease.  The  result  of  this  operation  is  extremely 
favourable,  the  patient,  by  the  aid  of  a  p]-operly  constructed  boot,  being  able 
to  walk,  and  even  dance,  with  very  little  appearance  of  lameness.  In  some 
cases,  where  the  muscles  of  the  calf  are  very  strong,  the  heel  becomes  drawn 
up,  and  the  end  of  the  stump  is  made  to  point  down  in  such  a  way  that  the 
patient  is  rendered  lame  by  walking  on  the  anterior  sharp  edge  of  the 
calcaneum,  which  irritates  the  flap.  Verneuil  states  that  he  has  observed  in  a 
number  of  cases,  that  the  heel  is  drawn  up  only  in  amputations  for  disease, 
and  that  it  occurs  really  before  the  operation  and  not  after.  He  has  never 
noticed  it  in  a  primary  amputation.  This  condition  is  best  removed  by 
division  of  the  tendo  Achillis. 

The  operations  just  described  are  adapted  to  cases  of  disease,  as  it  is 
important  not  to  leave  a  part  of  the  affected  bones  behind,  and  their 
removal  is  made  more  certain  by  operating  through  the  lines  of  the 
"articulations.  In  amputations  for  injury,  however,  it  has  been  recommended 
by  Mayor,  of  Lausanne,  and  others,  to  treat  the  foot  as  a  whole,  ignoring 
articulations.  On  this  plan,  a  sufficient  covering  is  turned  up,  encroaching 
on  the  foot  as  little  as  the  nature  of  the  injury  will  allow.  AVhen  sufficient 
covering  has  been  obtained,  the  saw  is  applied  to  the  tarsus  or  metatarsus,  as 
the  case  may  be,  saving  as  much  of  the  foot  as  possible.    There  is  no  doubt 
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that  excellent  results  are  obtained  by  this  method,  every  half  inch  of  the  foot 
that  can  be  saved  adding  to  its  utility. 

Sometimes  the  exact  limits  of  the  injury  are  difficult  to  ascertain  with 
accuracy  immediately  after  the  accident.  In  such  cases  any  loose  or  absolutely 
crushed  fragments  may  be  removed,  and  the  foot  placed  for  a  quarter  of  an  hour 
in  a  bath  of  1  in  20  carbolic  acid  lotion.  It  may  then  be  dressed  antiseptically, 
and  the  amputation  deferred  till  the  exact  limits  of  the  injury  cau  be  clearly 
ascertained.  This  line  of  practice  was  followed  in  two  cases  lately  in  University 
College  Hospital.  In  one,  the  foot,  which  seemed  at  first  hopelessly  crushed, 
completely  recovered  ;  in  the  other  it  also  recovered,  with  the  exception  of  the 
great  toe,  which  was  amjiutated  at  the  end  of  the  second  week. 

Disarticulation  of  the  Toot  at  the  Ankle-joint  w.is  first  reduced  to 


Fig.  CI. — iSjaiie's  Operation.    Inner  Side  of  Foot. 


a  regular  operation  by  Syme.  By  its  performance  amputation  of,  the  leg  may 
often  be  avoided,  the  patient  being  left  with  an  exceedingly  useful  stump, 


Fig.  62.— S.  Line  of  Incision  for  Synie's  Operation,   r.  Line  of  Incision  fur 

Pirogoft-g  Operation. 


which,  as  Its  covcnng  is  ingenioirely  taken  fi-om  the  heel,  constitutes  an 
excellent  basis  of  support.  In  describing  the  operation  on  the  right  foot 
Lyme's  words  as  to  the  direction  of  the  incision  are  :  "  The  foot  being  held  at 
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a  right  angle  to  the  leg,  the  point  of  the  knife  is  introduced  immediately 
below  the  malleolar  projection  of  the  fibula,  rather  nearer  its  posterior  than 
anterior  edge,  and  then  carried  across  the  bone,  slightly  iuclining  backwards,  to 
the  inner  side  of  the  ankle,  where  it  terminates  at  the  point  exmthj  opposite  its 
commencement "  (that  is,  a  little  below  and  behind  the  internal  malleolus).  On 
the  left  side  the  direction  of  the  incision  is  reversed.  "  The  extremities  of  the 
mcision  thus  formed  are  then  joined  by  another  passing  iu  front  of  the  joint. 
The  operator  next  proceeds  to  detach  the  flap  from  the  bone "  (Fig.  G3). 
Ihe  object  of  carrying  the  incision  so  far  back  is,  that  the  dissection  of  the 
flap  may  commence  from  the  most  prominent  point  of  the  plantar  surface  of 


Fiji 


()3. — Syme's  Amputation  of  the  Foot. 
Clearing  the  Os  Calcis. 


Fig.  64. — Synic's  Aiii])utati(in  ot  the  Foot. 
Anterior  incision  ami  Uisai  tieulation. 


the  OS  calcis,  that  is  to  say,  fi-om  the  anterior  part  of  the  two  tubercles  of 
that  l)one.  E^■ery  eighth  of  an  inch  in  front  of  this  point  increases  the 
difl^culty  of  raising  the  flap,  the  heel  flap  is  turned  back,  the  ankle- 

joint  must  be  opened  in  front  by  cutting  firmly  across  the  line  of  the 
articulation,  which  is  about  half  an  inch  above  the  tip  of  the  inner  malleolus, 
while  the  foot  is  forcibly  extended.  As  soon  as  the  joint  opens  sufficiently  the 
lateral  ligaments  are  to  be  divided  by  cutting  downwards  between  the  malleoli 
and  the  lateral  surfaces  of  the  astragalus.  The  tendo  Achillis  is  divided 
by  pressing  the  foot  forcibly  downwards  and  cutting  from  before  backwards, 
unless  it  has  already  been  cut  in  turning  back  the  heel  flap.  By  twisting 
and  dissecting  at  the  same  time  the  os  calcis  is  completely  separated  from  its 
soft  attachments,  and  the  foot  removed  (Fig.  64).  The  soft  parts  are  then 
turned  up  from  the  lower  ends  of  the  tibia  and  fibula,  the  knife  being  kept 
close  to  the  bones  so  as  not  to  wound  the  vessels  that  lie  immediately  behind 
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each  malleolus.  The  whole  of  the  parts  of  the  tiljia  and  fibula  which  cuter 
iuto  the  ankle-joint  are  then  sawn  off,  the  arteries  tied  and  the  flap  brought 
up.    A  well-formed  rounded  stump  ynW  thus  be  left. 

In  performing  this  operation,  care  must  be  taken  that  no  button-hole  aper- 
tures be  made  through  the  posterior  part  of  the  heel  flap.    This  may  commonly 
be  avoided  readily  enough  when  the  soft  structures  in  this  situation  are  greatly 
thickened  and  infiltrated  by  plastic  matter,  as  the  result  of  chronic  disease  ; 
but,  if  the  oi)eration  be  required  for  injury  of  the  foot,  gTeat  care  is  required  in 
digging  out  the  heel,  the  integuments  at  the  posterior  part  of  the  os  calcis 
being  very  thin  and  adherent  to  the  bone.    It  is  also  of  importance  that  the 
incision  across  the  heel  should  be  (Figs.  01,  G2)  distinctly  inclined  backwards 
towards  the  heel,  and  not  forwards  into  the  sole  of  the  foot.    Unless  this  be 
done,  a  large  cup-shaped  flap  will  be  left,  in  which  blood  and  pus  will  accu- 
mulate, and  the  cicatrisation  of  the  stump  will  be  much  retarded.    As  union 
takes  place  by  granulation,  there  will  be  a  tendency  to  bagging  in  the  stump  ; 
but  this  may  be  prevented  by  proper  bandaging.    The  tendency  to  sloughing 
and  to  undue  suppuration  occurs  chiefly  in  those  cases  in  which  the  amputation 
has  been  performed  as  a  primary  operatioii  for  a  crush  of  the  foot.    In  one  case 
in  which  I  had  occasion  to  perform  it  for  one  of  these  injuries,  a  good  deal 
of  trouble  resulted  from  this  cause,  though  eventually  the  case  did  perfectly 
well,  and  the  patient  now  walks  with  scarcely  any  difficulty.    It  has  been 
frequently  stated  that  it  is  necessary,  in  order  to  ensure  the  vitality  of  the  flap, 
to  cut  the  posterior  tibial  artery  "  as  long  as  possible,"  and  it  is  this  as  much 
as  anything  that  has  led  to  the  production  of  the  huge  cup-shaped  flaps  which 
are  so  difficult  to  dissect  off"  the  os  calcis  and  which  so  often  slough.    A  careful 
examination  of  the  vascular  supply  of  the  flap  will  show  at  once  that  the 
posterior  tibial  artery  may  be  cut  close  to  the  base  of  the  flap,  without  in  the 
least  interfering  with  the  chief  vessels  supplying  it.    The  distribution  of 
vessels  to  the  part  is  as  follows.    On  the  outer  side,  the  peroneal  artery,  after 
giving  olF  the  anterior  peroneal,  is  continued  down  along  the  posterior  aspect 
of  the  fibula  to  the  outer  side  of  the  os  calcis.    On  the  inner  side  a  branch  of 
considerable  size  arises  fii-om  the  posterior  til)ial  artery,  about  one  inch  above 
the  ankle-joint,  and  passes  down  to  the  inner  side  of  the  os  calcis,  runnin<>- 
behind  the  inner  malleolus  and  accompanying  the  small  cutaneous  nerve  from 
the  posterior  tibial  to  the  skin  of  the  heel.    There  is  thus  a  main  trunk  on 
each  side  running  down  to  the  heel  behind  the  maUeolus,  and  these  two  com- 
municate freely  with  each  other  superficially  over  the  cutaneous  surface  of 
the  tendo  Achillis,  and  deeply  between  the  tendon  and  the  back  of  the  ankle- 
joint  ;  and  they  terminate  by  anastomosing  again  by  long  vascular  loops  on 
the  under  surface  of  the  posterior  part  of  the  os  calcis.    It  is  upon  these 
anastomosing  loops  that  the  vitality  of  the  flap  depends  more  than  upon 
anythmg  else  ;  and  as  they  lie  much  nearer  the  bone  than  the  skin  it  is 
evident  that,  unless  the  knife  be  kept  hard  upon  the  bone  durino-  the 
whole  dissection  of  the  flap,  they  will  be  divided  in  large  numbers,  crreatlv 
endangermg  its  vitality.    In  the  operation  as  performed  by  Syme  the  dis- 
section of  the  flap  is  commenced  from  the  most  prominent  part  of  the' tubercle^ 
of  the  OS  calcis,  and  the  knife  can  be  kept  in  constant  contact  with  the  bone 
with  the  greatest  ease    If,  on  the  contrary,  the  flap  extend  far  into  the  sole 
of  the  foot  in  front  of  the  tuberosities  of  the  os  calcis,  it  is  almost  impossible 
to  dissect  It  back  without  the  point  of  the  knife  being  directed  into  the  under 
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surfoce  of  the  flap  and  the  vascular  loops  being-  divided.  All  the  above- 
mentioned  vessels  can  be  readily  dissected  out  in  any  well  injected  foot  in  the 
dissecting-room. 

This  operation  is  a  most  useful  one  in  all  cases  requiring-  removal  of  the 
whole  foot.    The  mortality  attending  it  is  but  small.    I  have  never  knomi  a 


Fig.  65.— Syme's  Amputation  of  the  Foot.   Sawing  off  the  MaUeoli. 


fatal  case.  The  stump  that  is  left  admits  of  good  pressure  being  exercised 
directly  upon  it,  without  tenderness  or  fear  of  ulceration. 

Various  modifications  of  Syme's  amputation  may  at  times  be  practised  with 
advantage,  in  consequence  of  the  soft  parts  covering  the  heel  being  more  or 
less  ulcerated  or  disorganised,  so  as  not  to  admit  of  forming  a  good  basis  of 
support.  In  these  circmnstances,  the  flaps  may  be  fashioned  fi-om  the  sides 
instead  of  from  behind  ;  and  in  this  Avay  I  have  more  than  once  formed  an 
excellent  covering  to  the  end  of  the  stump.  These  lateral  flaps  should  not, 
however,  be  made  in  any  case  that  admits  of  disarticulation  at  the  ankle  in  the 
ordinary  way.  They  never  afford  so  good  a  basis  of  support  as  the  integu- 
ments of  the  heel,  which  are  far  more  dense  and  elastic. 

Pirogoff 's  Amputation  is  characterised  by  the  preservation  of  the  posterior 
portion  of  the  os  calcis.  The  operation  is  performed  in  the  following  way.  In 
operating  on  the  right  side,  an  incision  is  carried  across  the  sole  of  the  foot 
fi-om  the  tip  of  the  external  malleolus  to  the  coiTcsponding  point  on  the 
other  side  ;  when  operating  on  the  left  foot  the  direction  of  the  incision  is 
reversed.  This  incision  should  not  be  made  directly  transverse  to  the  foot, 
but  should  incline  forwards  obliquely,  so  that  the  centre  of  the  incision  in  the 
sole  may  be  at  least  one  inch  and  a  half  in  front  of  a  line  drawn  transversely 
from  the  tip  of  one  malleolus  to  the  other  (Fig.  66).  It  should  reach,  in 
fact,  a  little  beyond  the  anterior  extremity  of  the  os  calcis.    The  knife  should 
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be  then  sunk  in  well  down  to  the  bones  in  the  direction  of  the  incision,  care 
being  taken  in  crossing  the  sole  of  the  foot  that  the  knife  is  not  carried  down 


Fig.  60. — Line  of  Incision  for  Pirogofl's  Operation — modified  by  Obliqne  Section  of  the  Cs  C'alci.s. 

to  the  bones  at  right  angles  to  the  sole,  bnt  is  slanted  obliquely  backwards. 
Disarticulation  of  the  astragalus  is  then  effected  in  the  usual  way,  by  an 


Fig.  67.— PirogdfT.s  Operation.   Sawing  the  Os  Calcis  obliquely,  downwards  and  forwards. 


incision  across  the  front  of  the  foot.  The  foot  is  now  forcibly  extended  to  the 
greatest  possible  extent,  and  a  common  saw  is  applied  immediately  behind  the 
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astragalus,  and  the  bone  cut  obliquely  downwards  and  forwards  in  the  h"ne  of 
the  incision  in  the  soft  parts,  so  that  the  saw  should  come  out  immediately 
behind  the  articulation  of  the  os  calcis  with  the  cuboid  (Fig.  67)  ;  the  malleoli 
are  then  removed,  with  a  thin  slice  of  the  tibia,  including  the  whole  articular 
cartilage  (Fig.  G8).  The  opposed  osseous  surfaces  must  then  be  accurately 
adjusted,  the  moyable  flap  well  supported  by  a  broad  strip  of  plaster,  and  the 
limb  laid  on  the  outer  side,  with  the  knee  placed  so  as  to  take  off  the  tension 
of  the  tendo  Achillis.  The  advantages  of  the  long  oblique  section  of  the  os 
calcis  over  the  shorter  almost  vertical  cut  originalfy  made  by  Pirogoff  are,  as 
Busk  has  pointed  out,  that  a  larger  surface  of  bone  is  brought  into  contact 


with  the  sawn  end  of  the  bones  of  the  leg,  that  the  remaining  piece  of  bone 
does  not  require  to  be  tilted  so  much  on  its  own  axis,  and  that  consequently 
the  tendo  Achillis  is  not  put  so  much  on  the  stretch,  and  that  the  thick  skin 
of  the  heel,  naturally  in  contact  with  the  ground,  still  serves  as  the  basis  of 
support  instead  of  the  thin  skin  of  the  back  of  the  heel,  which  is  turned 
do^rawards  in  the  other  method.  The  alleged  advantages  of  this  operation 
over  Syme's  amputation  consist  in  the  stump  being  longer,  to  the  extent  of 
the  thickness  of  the  portion  of  the  os  calcis  left  in  it,  and  being  better  adapted 
for  pressure  (Fig.  69)  ;  and  in  the  less  likelihood  of  the  supply  of  blood  to  the 
posterior  flap  being  interrupted,  as  its  vascular  communications  are  not  much 
disturbed.  These  advantages  are  not,  however,  always  real,  and  are  in  some 
degree  counter-balanced  by  the  liability  to  recurrence  of  disease  in  the  portion 
of  the  os  calcis  left  in  those  cases  in  which  the  amputation  is  done  for  disease. 
When  it  is  practised  for  injury,  however,  this  objection  does  not  hold  good. 
Another  objection  which  has  been  raised  against  this  operation,  consists  in  the 
supposition  that  the  section  of  two  osseous  surfaces  exposes  the  patient  to 
increased  risk  of  osteophlebitis  and  pyaemia.  In  the  first  case  in  which  I  per- 
formed this  amputation  the  patient,  a  healthy  lad,  whose  foot  was  removed  for 
injury,  died  from  this  cause.    But  subsequent  and  extended  experience  has 
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coiiYinccd  mc  that  there  is  no  special  liability  to  pyasmia  after  Pirogoff's 
amputation.  After  either  Syme's  or  Pirogolf's  operation,  patients  can  run  ; 
Avhich  they  cannot  do  after  amputation  of  the  leg  in  any  part. 

The  Subastragaloid  Amputation  is  another  mode  of  disarticulating  the 
foot.  The  incisions,  as  recommended  by  Ne'Iaton,  somewhat  resemble  those 
for  Syme's  operation,  but  are  carried  farther  forwards,  both  on  the  dorsal  and 
plantar  aspects  of  the  foot.  In  operating  on  the  right  foot,  the  incision  is 
commenced  about  three-quarters  of  an  inch  below  the  external  malleolus, 
opposite  the  outer  tubercle  of  the  calcaneum,  and  carried,  at  first  forwards 
for  a  short  distance,  and  then  in  a  curved  direction  downwards  to  the  sole  of 
the  foot,  so  as  to  pass  just  behind  the  base  of  the  fifth  metatarsal  bone.  It 
then  crosses  the  sole,  and  is  brought  up  to  the  inner  side  of  the  foot,  termi- 
nating at  the  tuberosity  of  the  scaphoid.  The  extremities  of  this  line  are 
then  joined  by  a  curved  incision  across  the  dorsum  of  the  foot,  reaching 
downwards  to  the  lower  edge  of  the  scaphoid.  The  soft  parts  are  then  raised 
from  the  bone  on  the  outer  side,  sufficiently  to  reach  the  teudo  AchiUis,  which 
is  to  be  divided.  The  finger,  pushed  into  the  wound,  can  uow  feel  the  upper 
surface  of  the  calcaneum,  and  the  line  of  articulation  wdth  the  artragalus. 
The  point  of  the  knife  is  now  to"  be  thrust  into  the  articulation,  and  the  inter- 
osseous ligament  divided,  while  the  foot  is  wi'enched  forcibly  inwards.  Care 
must  be  taken  not  to  injure  the  ligaments  between  the  os  calcis  and  cuboid,  or  all 
power  over  the  former  bone  would  be  lost.  When  the  interosseous  ligament  is 
divided,  the  astragalo-scaphoid  articulation  is  to  be  opened,  and  finally,  by 
twisting  the  foot  so  as  to  put  the  parts  on  the  stretch,  the  soft  parts  at  the  inner 
side  and  the  remainder  of  the  heel  flap,  are  to  be  separated  from  the  os  calcis 
and  the  foot  removed.  In  tliis  amputation  a  good,  long,  useful  stump  results  ; 
but  the  cases  requiring  it  must  be  few,  as  it  does  not  often  happen  that  there 
is  disease  of  the  calcaneum  together  with  the  anterior  range  of  tarsal  bones, 
without  the  astragalus  also  being  involved. 

In  cases  of  caries  of  the  tarsus  requiring  amputation,  it  occasionally  happens 
that  the  Surgeon  cannot  determine  with  certainty  whether  the  morbid  condition 
is  limited  to  the  anterior  range  of  tarsal  bones,  or  extends  so  far  backwards  as 
seriously  to  imphcate  the  artragalus  and  calcaneum  ;  and  he  is  consequently 
unable  to  decide  whether  the  condition  of  the  foot  admits  of  removal  by 
Chopart's  operation,  or  requires  disarticulation  at  the  ankle-joint.  In  these 
circumstances  all  doubt  will  be  cleared  away,  and  the  proper  operation  per- 
formed, by  making  an  incision  across  the  dorsum  of  the  foot  in  the  line  of  the 
astragalo-scaphoid  and  calcaneo-cuboid  articulations  ;  these  are  then  opened, 
and  the  state  of  the  bones  is  examined.  If  the  astragalus  and  calcaneum  be 
sound,  or  but  slightly  diseased  on  their  anterior  aspect,  Chopart's  operation 
may  be  done,  and  any  carious  bone  left  behind  gouged  away.  If,  on  the 
contrary,  these  bones  be  found  to  be  deeply  implicated,  the  flap  may  be 
dissected  back  for  about  an  inch,  and  disarticulation  at  the  ankle-joint  pro- 
ceeded with.  It  may  also  be  well  to  bear  in  mind  that  the  tarsal  articulations 
may  have  become  so  ankylosed,  as  the  result  of  old  disease,  as  to  require  the 
application  of  the  saw,  instead  of  opening  on  division  of  their  ligaments. 

Results.— The  amputation  of  a  toe,  of  a  metatarsal  bone,  or  even  of  a 
portion  of  the  metatarsus,  is  but  very  seldom  attended  by  fatal  consequences. 
Should  death  occur,  it  must  be  the  result  of  an  accidental  attack  of  tetanus^ 
erysij^elas,  or  of  pyaemia.    Disarticulation  at  the  ankle-joint,  thoudi  necessarily 
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somewhat  more  dangerous,  is  yet  one  of  the  most  successfal  operations  in 
Surgery,  the  mortahty  attending  it  being  but  very  small. 

The  following  are  the  figures  given  in  Max  Schede's  tables.  Partial 
Amputations  of  the  Foot  for  injury,  in  civil  practice,  223  cases,  45  deaths,  or 
20-2  per  cent.  ;  for  disease,  502  cases,  70  deaths,  or  12-4  per  cent.  In  military 
practice,  the  numbers  are  831  cases,  with  388  or  40 •  7  per  cent,  of  deaths  ;  but 
this  fearful  mortality  has  been  chiefly  in  the  French  hospitals.  If  these  are 
excluded,  there  remain  403  cases,  with  05  deaths,  or  10  per  cent. 

The  statistics  of  uncomplicated  cases  fi-om  the  practice  of  Socin,  Yolkmann, 
and  Max  Schede,  under  antiseptic  treatment,  show  05  cases,  with  2  deaths,  1 
in  a  woman,  aged  77,  and  1  re-amputation.  Tliose  of  Bruns,  Bardeleben  and 
Billroth,  in  the  pre-antiseptic  period,  show  39  cases,  with  KJ  deaths,  8  of 
which  were  from  pyemia.  The  highest  mortality  was  from  Pirogoff's  opera- 
tion, of  which  there  were  13  cases,  with  5  deaths,  4  from  pyajmia  and  1 
from  erysipelas. 

Amputation  of  the  Leg  may  be  performed  in  three  situations :  either 
just  below  the  knee,  in  the  middle,  or  in  the  lower  third  of  the  hmb.  The 
selection  of  the  line  of  amputation  must  depend  in  a  great  degree  upon  the 
extent  of  the  disease  or  injury,  but,  whenever  practicable,  the  operation  should 
be  performed  low  down  ;  the  mortality  diminishing  in  proportion  as  the  limb 
is  removed  near  to  the  ankle.  Of  100  amputations  in  this  situation  done  in 
Paris,  there  were  only  13  deaths.  Surgeons  used  formerly,  even  where  the 
disease  or  injury  was  limited  to  the  foot,  to  amputate  immediately  below  the 
knee,  in  all  those  cases  in  which  the  patient  would  be  obhged  to  wear  a 
common  wooden  pin,  the  long  leg-stump  being  highly  inconvenient  when  the 
patient  rested  on  his  bent  knee  ;  whereas,  in  those  individuals  who  could 
afford  the  expense  of  a  well-constructed  artificial  limb,  the  amputation,  when 
practicable,  was  done  in  the  lower  part  of  the  leg.  But  this  difficulty  has 
been  removed  by  the  introduction  of  a  short  wooden  piu,  in  the  socket  of 
which  the  stump  may  be  fixed  in  the  extended  position  ;  and  amputation  in  all 
admissible  cases  should  consequently,  even  amongst  the  poorer  classes,  be 
done  as  low  down  as  possible. 

The  number  of  arteries  divided  will  depend  upon  the  situation  of  the 
amputation.  Holden  lays  down  as  a  general  rule  in  amputations  one  inch 
below  the  head  of  the  fibula,  one  main  artery  only — the  popliteal — is  divided. 
At  two  inches  two  arteries,  the  anterior  and  postenor  tibial,  are  cut.  At  three 
inches  three  arteries,  the  peroneal,  in  addition  to  the  two  tibials,  being 
divided. 

Plap  Amputation  of  the  Leg  by  Transfixion  may  be  performed  in 
the  following  way.  The  tourniquet  having  been  applied  to  the  lower  part 
of  the  thigh,  the  Surgeon  stands  with  his  left  hand  to  the  part  to  be  removed, 
while  the  assistant,  whose  duty  it  is  to  retract  the  flaps,  takes  his  stand 
in  this,  as  in  all  amputations  of  the  lower  extremities,  opposite  to  the  Surgeon. 
In  the  lefl  limb,  the  point  of  the  knife  is  entered  at  the  posterior  edge  of  the 
tibia,  carried  forwards  for  a  distance  of  one  inch  and  a  half  to  two  inches,  then 
across  the  anterior  part  of  the  leg  to  the  posterior  border  of  the  fibula,  up 
which  the  incision  is  made  to  extend  to  a  corresponding  distance.  In  the 
riffJif  leg  the  same  incision  commences  on  the  fibular  side  of  the  limb,  and 
terminates  on  the  tibial.  The  flap  thus  formed,  which  should  be  broad 
and  well  rounded,  is  next  dissected  up  by  a  few  touches  of  the  point  of  the  knife, 
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and  transfixion  of  the  limb  is  made  by  passing  the  blade  across  behind  the 
bones,  from  one  angle  of  the  incision  to  the  other  (Fig.  70),  taking  care  not 
to  pass  the  knife  accidentally  between  the  two  bones  instead  of  behind  them. 
The  posterior  flap  is  then  formed  by  cutting  obliquely  downwards  and  back- 
wards, and  should  be  about  three  inches  long.  The  bones  are  next  cleared  by 
a  double  sweep  of  the  knife,  and  the  interosseous  soft  parts  divided  by  carrying 
the  instrument  in  a  figure-of-8  way  between  the  bones.  In  doing  this,  especial 
care  must  be  taken  not  to  direct  the  edge  upAvards,  so  as  to  split  either  of  the 
tibial  arteries,  more  particularly  the  anterior  :  for,  as  this  vessel  retracts  above 


Fig.  70.— Amputation  of  tlie  Riglit  Leg.    Transfixion  of  tlie  Posterior  Flap. 


the  membrane,  its  ligature,  when  divided  too  high,  is  no  easy  matter.  If  the 
amputation  be  performed  just  below  the  knee,  it  is  possible  that  the  popliteal 
trunk  may  be  divided  before  its  bifurcation,  and  thus  one  artery  only  require 
the  hgature.  In  sawing  the  bones  the  fibula  must  be  divided  first,  as  otherwise  it 
may  be  fractured  above  the  line  of  amputation,  or,  at  any  rate,  be  splintered.  It 
is  better  to  commence  sawing  on  the  tibia  till  the  saw  has  entered  a  short 
distance,  then  by  sinking  the  hand  below  the  level  of  the  limb  on  the  left 
side,  or  raising  it  on  the  right,  the  saw  is  brought  to  bear  on  the  fibula,  which 
is  completely  divided  before  the  tibia  is  finished.  After  the  removal  of  the 
hmb,  the  sharp  anterior  edge  of  the  tibia  may  advantageously  be  sliced  off 
obliquely,  so  as  to  lessen  the  risk  of  sloughing  of  the  corresponding  flap  from 
pressure  upon  a  sharp  ridge  of  bone. 

If  the  limb  be  very  muscular,  a  large  pad  of  the  muscles  of  the  calf  will  be 
left  in  the  posterior  flap  ;  this  will  usually  be  a  good  deal  in  the  way  during 
treatment ;  it  may  slough,  and  thus  interfere  with  proper  linion.    In  some 
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cases,  I  have  advantageously  removed  at  one  sweep  the  greater  part  of  the 
muscular  mass  thus  left,  leaving  little  more  than  a  skin-fiap.  In  order  to 
avoid  redundance  of  muscle,  the  best  operation  consists  in  forming  skin- 


Fig.  71. — Amputation  of  the  Leg.    Sawing  tlie  Bones. 


flaps  on  the  anterior  and  posterior  asjiects  of  tlie  limb,  and  then  making  a 
circular  cut  through  the  muscles.    This  may  be  done  in  various  ways  accord- 


Fig.  72.— Ajnputation  of  Leg  by  Teale's  Method. 


ing  to  the  seat  of  the  amputation  and  the  amount  of  skin  available  for  the 
formation  of  flaps. 

In  cases  of  injury  immediately  above  the  ankle,  Teale's  operation  (Fig.  72), 
can  be  readily  performed  according  to  the  rules  laid  down  on  p.  GS.  If,  how- 
ever, the  soft  parts  be  retracted  from  the  bones  for  a  distance  of  from  an  inch  to . 
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an  inch  and  a  half  or  two  inches  above  the  angle  of  the  flaps,  all  the  advantages 
of  Teale's  method  can  be  obtained  by  making  an  anterior  flap  equal  in  length 
to  the  diameter  of  the  limb  almost  rectangular  in  shape,  but  having  the  angles 
rounded  off.  A  very  short  posterior  flap  may  be  cut  to  meet  this  by  carrying 
the  knife  behind  the  Hmb  somewhat  obliquely  fi-om  one  end  of  the  first 
incision  to  the  other.  The  soft  parts  are  then  retracted  and  the  bone  sawn  as 
high  as  possible.    As  in  Teale's  method,  the  flaps  should  contain  all  that  can 
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Fig.  73.— Amputation  of  the  Leg  by  Long  Anterior  and  Short  Posterior  Skin  flaiis,  with  Circular 

Division  of  the  Muscles. 


be  taken  from  the  bones,  for  in  this  situation  they  are  somewhat  liable  to 
slough.  Lister  recommends  that  the  incision  should  be  carried,  on  the  fibular 
side,  as  high  as  the  point  at  which  the  bone  is  to  be  sawn,  as  this  greatly 
facilitates  the  separation  of  the  soft  parts.  In  order  to  avoid  unnecessary 
wounding  of  the  anterior  tibial  artery,  Teale  recommends  that  the  soft  parts 
should  be  raised  from  the  interosseous  membrane  by  the  finger  or  thumb  nail. 

In  the  middle  and  upper  thirds  of  the  leg,  the  bones  lie  more  towards  the 
anterior  aspect  of  the  limb,  and  consequently  it  is  not  necessary  to  provide  so 
long  an  anterior  flap  in  order  that  the  cicatrix  may  be  placed  well  behind  them. 
In  these  situations  the  anterior  flap  may  be  made  equal  in  length  to  two-thirds 
of  the  diameter  of  the  hmb,  and  the  posterior  flap  one-half  the  length  of  the 
anterior.  The  anterior  flap  should  consist,  at  its  lower  edge,  of  skin  and  fat 
only,  but  it  should  be  gradually  deepened  as  it  is  raised,  till  at  its  base  it 
contains  almost  all  the  muscle  that  can  be  obtained  from  the  front  of  the  hmb 
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(Fig.  73).  In  dissecting  up  the  posterior  flap,  the  limb  shouki  be  raised  so 
that  the  Surgeon  can  more  conveniently  see  what  he  is  doing.  It  should  con- 
tain only  skin  and  fat.  Both  flaps  being  held  well  out  of  the  way,  the  muscles 
arc  now  divided  circularly,  and  the  soft  parts  raised  fi'om  the  bones  for  a 
distance  of  from  one  and  a  half  to  two  inches.  In  doing  this,  care  must  be  taken 
not  again  to  wound  the  anterior  tibial  artery.  Finally,  the  bones  are  cleaned 
and  sawn  as  high  as  possible.  The  sharp  point  of  the  tibia  must  be  rounded 
ofl".  In  doing  this  it  is  well  carefully  to  raise  the  periosteum  with  a  knife  or 
periosteal  elevator  before  applying  the  saw  or  bone-forceps,  as  by  so  doing 
the  tendency  to  necrosis  is  somewhat  diminished,  the  periosteum  not  being 
torn  away  to  a  higher  point  than  that  at  Avhich  the  bone  is  actually  sawn. 

If  from  any  cause  there  should  not  be  sufficient  skin  available  to  form  the 
long  anterior  flap,  the  circular  operation  or  the  modification  of  it  recom- 
mended by  Listen,  as  described  on  p.  ()2,  may  be  employed  instead  (see  Fig.  23, 
p.  G2).  All  these  operations  have  the  great  advantage  of  getting  rid  of  the 
heavy  mass  of  the  muscles  of  the  calf,  and  that  by  the  long  anterior  flap 
secures  in  addition  that  the  cicatrix  shall  be  well  behind  the  cut  ends  of  the 
bones,  and  that  there  shall  be  a  dependent  opening  for  the  exit  of  the  dis- 
charges. The  long  anterior  flap  tends  to  keep  itself  in  position  by  its  own 
weight,  and  no  strapping  is  required  as  in  the  amputation  by  the  long  posterior 
flap,  and  thus  a  great  source  of  pain  to  the  patient  and  of  disturbance  to  the 
stump  is  avoided.  The  tendency  to  protrusion  of  the  bone  is  also  much  less, 
as  the  weight  of  the  flap  is  hardly  sufficient  to  cause  ulceration,  if  the  end  of 
the  tibia  has  been  carefully  rounded. 

Results. — Amputation  of  the  leg  is,  upon  the  whole,  a  successful  opera- 
tion. The  mortality,  however,  varies  not  only  according  to  the  situation 
at  wliich  the  limb  is  removed,  but  also  according  as  it  is  done  for  injury  or 
disease,  and  the  nature  of  that  disease.  So  far  as  situation  is  concerned, 
it  may  be  stated,  as  a  general  rule,  that  the  nearer  the  knee  the  greater  is  the 
danger. 

In  amputation  of  the  leg  for  injury,  the  rate  of  mortality  is,  upon  the  whole, 
rather  high.  In  the  Crimea,  37  per  cent,  of  the  cases  were  lost.  The  table 
at  p.  82  shows  an  average  mortality  in  civil  practice  of  46'1  per  cent.  ;  the 
death-rate,  however,  varies  greatly  in  the  records  of  different  hospitals.  Thus, 
at  the  Edinburgh  and  Glasgow  Infirmaries,  and  Guy's  Hospital,  in  an  aggre- 
gate of  224-  cases,  there  were  11 G  deaths  ;  while  in  3.33  cases  in  country 
hospitals,  the  number  of  deaths  was  09,  and  in  GC  cases  at  St.  Bartholomew's 
Hospital,  there  were  20  deaths.  At  University  College  Hospital,  the  mortality 
has  been  31*8  per  cent.  Secondary  amputation  is  more  fatal  than  primary  ; 
the  deaths  from  the  former,  according  to  the  table  at  p.  84,  being  48,  and 
from  the  latter,  43 '9  per  cent.  After  amputation  of  the  leg  for  disease,  the 
mortality  is  much  smaller  ;  amounting,  on  a  calculation  based  on  1281  cases, 
to  23-5  per  cent.  The  chief  causes  of  death  are  pytcmia,  gangrene  of  the 
stump,  and  exhaustion. 

The  statistics  collected  from  published  hospital  reports  by  Max  Schede, 
show  the  following  results.  Upper  or  middle  third,  for  injury,  130  cases, 
54  deaths,  or  41-5  per  cent.  ;  for  disease,  178  cases,  44  deaths,  or  247  per 
cent.  ;  lower  third,  for  injury,  33  cases,  3  deaths,  or  9*1  per  cent. ;  for  disease, 
128  cases,  19  deaths,  or  14*0  per  cent.  ;  part  of  leg  not  stated  for  injury,  1950 
cases,  785  deaths,  or  40'0  per  cent.  ;  for  disease,  1G95  cases,  215  deaths,  or 
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12-7  per  cent.  In  military  practice,  the  French  statistics  show  a  mortality  in 
all  cases  of  79-8  per  cent.  Excluding  French  cases,  other  military  reports  show 
a  mortality  of  83-1  per  cent,  in  prijnary  amputations,  75-0  per  cent,  in  inter- 
jnediate,  and  40*7  in  secondary.  In  the  cases  in  which  the  time  is  not  stated, 
chiefly  from  the  American  Civil  War,  the  mortality  was  only  2G-G  per  cent. 
The  combined  results  of  Buscb,  Max  Schcdc,  Socin,  and  Volkmann,  from  cases 
treated  antisepticaUy,  excluding  all  those  complicated  by  other  injui-ies  or 
gi-ave  disease,  are  as  follows — for  injury,  1 9  cases,  no  deaths ;  for  disease,  50 
cases,  1  death  from  erysipelas,  to  which  the  patient  Avas  liable.  Tlie  results 
obtained  by  Bardeleben,  Billroth,  and  Bruns,  without  antiseptic  treatment,  all 
complicated  cases  also  being  excluded,  were  :  for  injury,  28  cases,  15  deaths,  10 
from  pyaemia,  and  2  from  septicgemia  ;  for  disease,  87  cases,  25  deaths,  19 
from  pyemia,  5  from  septicajmia,  and  1  from  secondary  ha3morrhage. 

Amputation  through  the  Kxee-joint,  originally  recommended  in  the 
last  century  by  Hoin,  and  reintroduced  by  Velpeau,  Markoc,  and  Brinton,  has 
for  some  years  found  favour  in  this  country  and  in  America. 

Amputation  through  the  knee-joint  may  be  performed  in  three  different 
ways  :  1 ,  with  a  long  posterior  and  a  short  anterior  flap  ;  2,  with  a  long  anterior 
and  a  short  posterior  flap  :  o,  by  lateral  flaps. 

1.  The  operation  with  the  Long  Posterior  and  Short  Anterior  Flap 
may  be  readily  performed  in  the  following  way.  An  incision  is  made  directly 
across  the  knee-joint,  just  below  the  patella.  The  skin-flap  thus  formed  is 
dissected  back  ;  and,  the  joint  being  opened  above  the  patella,  and  the  liga- 
ments divided  by  a  few  touches  of  the  knife,  a  long  posterior  flap  is  cut  fi'om 
the  upper  part  of  the  calf  of  the  leg,  by  passing  the  knife  behind  the  tibia, 
and  carrying  it  downwards  for  a  suitable  distance. 

This  operation  has  the  great  disadvantage  that  the  posterior  flap  has  an 
almost  uncontrollable  tendency  to  retract,  and  it  should  never  Ije  undertaken 
when  the  covering  can  be  obtained  more  extensively  or  entirely  from  the  front. 

2.  The  operation  by  means  of  a  Long  Anterior  and  Short  Posterior  Flap 
is  thus  performed.  A  long  square  flap,  rounded  at  the  corners,  is  made  by 
entering  the  point  of  a  short  broad-bladed  amputating-knife  towards  the  pos- 
terior part  of  one  condyle,  carrying  the  incision  downwards  in  a  straight  line 
for  four  or  five  inches,  then  across  the  limb,  and  finally  upwards  to  a  point  on 
the  opposite  side  corrcsiwnding  to  that  of  entry.  The  integuments  and  the 
patella  are  then  dissected  from  the  front  of  the  joint  (Fig.  74).  The  articu- 
lation is  thus  opened  ;  the  ligaments  are  then  successively  divided,  the  limb 
being  forcibly  bent  ;  and  a  posterior  flap  is  formed  by  cutting  with  a  deter- 
mined sweep  from  behind  forwards,  or  by  dissecting  down  behind  the  bones 
and  then  cutting  backwards.  The  flap  should  be  about  2-^-  to  3  inches  lono-. 
If  made  shorter  than  this,  it  is  apt  to  retract  up  the  back  of  the  thio-h. 
Indeed,  in  all  cases  there  is  a  great  tendency  to  this,  even  when  the  flap  is  of 
the  length  above  given.  The  popliteal  artery  is  divided,  and,  with  the  ex- 
ception of  the  articular  vessels,  is  the  only  one  requiring  ligature. 

The  management  of  the  patella  is  an  important  question  ;  some  Surgeons 
advocating  its  removal,  and  others  its  preservation.  I  think  that  it  is  de- 
cidedly better  to  leave  than  to  remove  this  bone.  If  left,  it  forms  an  im- 
portant addition  and  protection  to  the  end  of  the  stump.  If  it  be  removed 
not  only  arc  these  advantages  lost,  but  the  flap  becomes  so  thinned  and 
weakened  as  to  incm-  danger  of  gangrene.    I  have  practised  the  operation 
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both  wars,  and  ha^'C  from  my  experience  found  it  most  advantageous  to  leave 
the  patella.  There  is  only  one  objection  to  this  ;  and  that  is  the  chance  of 
the  patella  being  drawn  up,  as  occasionally  happens,  upon  the  anterior  part  of 


in- 


tbe  thigh,    ims  is 
by  cutting  across  the  tendinous 
sertion  of  the  quadriceps  extensor 
during  the  operation. 

There  is  a  difference  of  practice 
in  the  management  of  the  cartilagi- 
nous surface  of  the  femur  in  these 
amputations.   Some  Surgeons  prefer 
leaving  it  ;  others  saw  it  off.  If 
the  articular  surface  be  sound,  the 
cartilage  had  better  be  left,  as  thus 
the    cancellous    structure   is  not 
opened,     and    one  predisposing 
cause  of  pyemia  is  avoided.  If 
the  cartilages  be  eroded  or  otherwise 
diseased,  they  should  be  removed. 
This  I  generally  do,  after  the  dis- 
articulation has  been  completed,  by 
means  of  a  fine-bladed  Butcher's 
saw,  cutting  round  and  not  across 
the  end  of  the  bone  ;  thus  not 
shortening  the  stump,  but  simply 
removing  the  cartilage,  which  would 
otherwise  necrose  or  disintegrate, 
and  thus  interfere  with  ready  union. 
If  the  cartilage  be  left  on  the  femur, 
it  should  also  be  allowed  to  remain 
undisturbed  on  the  patella.    But  if 
it  be  removed  from  the  femur  so  as 
to  expose  the  cancellous  bone,  then 
the  under  surface  of  the  patella 
should  be  removed  in  a  similar 
manner,  before  the  flap  is  laid  down. 
This  will  be  found  to  farnish  an 
excellent  covering  to  the  bone ;  the 
patella,  and  the  thick,  tough,  and 
extensile  integuments  of  the  knee, 
forming  a  good  basis  of  support  for 

the  limb  to  bear  upon,  and  one  "well  adapted  for  pressure.  The  cut  surface 
of  the  patella  will  apply  itself  to,  and  unite  with,  the  cancellous  surfaces  of  the 
condyles,  and  thus  add  to  the  solidity  of  the  end  of  the  stump. 

In  the  after-treatment  great  trouble  may  arise  ft'om  accumulation  of  the 
discharges  in  the  synovial  pouches.  This  can  be  prevented  only  by  proper 
drainage.  Before  closing  the  wound,  two  long  tubes  must  be  put  in,  in  such 
a  way  that  their  deep  extremities  lie  in  the  extreme  upper  parts  of  the  synovial 
pouches,  and  their  lower  ends  must  be  brought  out  at  the  angles  of  the 
wound.    These  tubes  should  not  be  touched  till  the  third  day  ;  after  that 
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4. — Aini>utatioii  throngli  tlie  Knee,  by 
Long  Anterior  Flai'. 
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they  may  be  drawn  out  half  an  inch  or  more  at  each  dressing,  and  the  project- 
ing piece  cut  off.  They  must  on  no  account  be  completely  removed  m  order 
to^horten  them,  as  it  would  be  impossible  to  replace  them.  Should  pus  form 
in  the  synovial  pouches  from  failure  of  the  di-aiuage,  it  will  be  recognised  by  , 
the  swelling,  redness  and  pain,  with  fluctuation.  A  free  incision  must  be 
made  into  it  as  soon  as  the  condition  is  recognised,  or  the  pus  may  burst 
through  the  limits  of  the  synovial  pouch,  and  burrow  up  the  thigh  beneath 
the  vasti.  These  precautions  for  drainage  are  necessary  in  all  amputations  in 
which  the  synovial  pouches  are  opened. 

3.  8.  Smith,  of  New  York,  amputates  at  the  knee  by  Lateral  Flaps  in  the 
following  way.    The  incision  is  commenced  about  an  inch  below  the  tubercle 


of  the  tibia,  and  is  carried  downwards  and  backwards  over  the  most  prominent 
part  of  the  side  of  the  leg,  until  it  reaches  the  under  surface,  where  it  is  directed 
towards  the  median  line.  When  this  point  is  reached,  it  is  carried  directly 
upwards  to  the  centre  of  the  popliteal  space.  A  second  incision  begins  at  the 
same  point  as  the  first,  and  pursues  a  similar  direction  on  the  opposite  side  of 
the  limb  ;  the  two  incisions  meeting  in  the  median  line  behind.  The  flaps 
are  then  raised,  the  joint  opened,  and  the  leg  removed.  The  inner  flap  should 
be  rather  the  larger  ;  and  the  patella  is  left.  After  this  amputation,  the 
stump  presents  the  appearance  represented  in  Fig.  75. 

Amputation  through  the  Condyles  may  be  done  by  a  long  posterior  or  a 
long  anterior  flap,  including  the  patella  or  not ;  or  by  a  modification  of  the  cir- 
cular method.  Of  these,  that  by  the  long  posterior  flap  should  ncA^er  be  employed, 
unless,  from  exceptional  circumstances,  no  other  flap  can  be  obtained.  Garden 
of  Worcester  was  the  first  to  employ  the  method  of  amputa  tion  by  the  loni? 
anterior  flap  in  this  situation.  He  took  away  the  patella  and  made  no  posterior 
flap,  but  subsequent  operators  have  found  that  without  a  posterior  flap  the 
covering  is  frequently  insufficient.  The  operation  is  therefore  usually  performed 
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as  follows.  The  finger  and  thumb  of  the  left  hand  are  placed  on  the  two  con- 
dyloid eminences  of  the  femur,  which  serve  as  guides  for  the  starting  points  of 
the  incision.  A  long  anterior  flap  is  then  marked  out,  well  rounded  in  shape, 
and  reaching  as  low  as  the  tuberosity  of  the  tibia.  This  is  dissected  up  either 
with  or  without  the  patella.  In  cases  in  which  the  Surgeon  is  hesitating 
between  excision  and  amputation,  the  joint  may  be  examined  before  proceeding 
further  and  the  operation  determined  on.  Wlien  the  anterior  flap  has  been 
raised,  the  knife  is  passed  behind  the  femur,  and  a  posterior  flap,  equal  in 
length  to  the  anterior,  is  cut  from  within  outwards.  This  flap  contains  the 
hamstring  tendons,  and  usually  a  part  of  the  muscles  of  the  calf,  and  it  conse- 
queixtly  retracts  considerably  after  being  cut.  The  flaps  being  held  back,  the 
knife  is  swept  round  immediately  above  the  cartilage-covered  surf  aces,  and  the 
saw  carried  through  the  bases  of  the  condyles  parallel  to  the  articular  surface 


of  the  femur,  that  is  to  say,  somewhat  obliquely  to  the  axis  of  the  shaft,  the 
inner  side  being  left  a  little  longer  than  the  outer,  Gritti,  an  Italian  Surgeon, 
and  Stokes  of  Dublin  have  recommended  that  the  patella  should  be  left  in  the 
flap,  and  its  cartilaginous  surface  sawn  off  so  as  to  form  a  raw  bony  surface  to 
be  applied  to  the  cut  end  of  the  femur. 

As  a  modification  of  these  operations,  Lister  has  reconnnended  an  amputa- 
tion by  a  modified  circular  method,  which  is  thus  performed.  "  The  Surgeon 
first  cuts  transversely  across  the  front  of  the  limb,  from  side  to  side,  at  the 
level  of  the  anterior  tuberosity  of  the  tibia,  and  joins  the  horns  of  this  incision 
by  carrying  the  knife  at  an  angle  of  forty-five  degrees  to  the  axis  of  the  leg 
through  the  skin  and  fat.  The  linil)  being  elevated,  he  dissects  up  the  poste- 
rior skin  flap,  and  then  proceeds  to  raise  the  ring  of  integument  as  in  a  circu- 
lar operation,  taking  due  care  to  avoid  scoring  the  subcutaneous  tissue  ;  and, 
dividing  the  hamstrings  as  soon  as  they  are  exposed,  and  bending  the  knee, 
he  finds  no  difficulty  in  exposing  the  upper  border  of  the  patella.  He  then 
sinks  the  knife  through  the  insertion  of  the  quadriceps  extensor  (Fig.  7(5), 
and,  having  cleared  the  bone  immediately  above  the  articular  cartilage  and 
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Fig.  76.— Amputation  through  the  Condyles  by  moilifleil  circular  method. 
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holding  the  limb  horizontally,  he  applies  the  saw  vertically  and  at  the  same 
time  transversely  to  the  axis  of  the  limb  (not  of  the  bone)  so  as  to  ensure  a 
horizontal  surface  for  the  patient  to  rest  on."  When  the  soft  parts  are  much 
thickened,  as  in  disease  of  the  knee-joint,  the  patella  may  be  raised  in  the 
flap  and  the  leg  removed  by  cutting  the  crucial  and  lateral  ligaments.  No 
gi-eat  difficulty  will  then  be  found  in  exposing  and  sawing  off  the  condyles  of 
the  femur,  and  the  patella  may  then  be  removed  last  of  all.  The  adA'antage 
of  this  operation  is  that  if  it  be  carefully  performed,  the  chance  of  sloughing 
is  reduced  to  a  minimum.  The  pouches  of  the  synovial  membrane  of  the  knee 
must  be  carefully  drained  as  before  described. 

There  is  a  point  of  practice  that  I  have  found  useful  in  these  amputations  ; 
viz.  to  round  off  with  the  saw  the  sharp  edge  left  on  the  condyle  after  the 
removal  of  its  cartilaginous  surface,  as  otherwise  this  may  press  injuriously 
upon  the  flap.  In  the  after-treatment,  the  patella,  if  present,  should  be  kept 
in  its  place  by  a  strip  of  plaster  well  brought  down  above  it. 

These  amputations  present  four  great  advantages  over  those  higher  up.  1. 
As  the  medullary  canal  of  the  femur  is  not  opened,  the  patient  is  saved  all  that 
risk  which  results  from  suppuration  within  that  canal,  and  the  consequent 
liability  to  suppurative  inflammation  of  the  veins  of  the  bone,  and  consecutive 
pyasmia.  2.  The  limb  being  removed  at  a  greater  distance  ft'om  the  trunk, 
the  shock  will  be  less  and  the  rate  of  mortality  diminished.  3.  The  patient 
is  provided  with  a  long  thigh-stump,  which  gives  increased  leverage  in 
using  an  artificial  limb.  4.  When  the  amputation  is  practised  with  the 
long  anterior  flap  containing  the  patella,  or  taking  the  skin  from  over  it,  the 
end  of  the  stump  will  be  protected  by  the  dense  and  tough  integumental  and 
aponeurotic  structures  natm-ally  situated  in  front  of  the  knee-joint,  which 
admit  of  pressure  being  made  upon  them  without  fear  of  excoriation  :  the 
cicatrix  being  drawn  up  behind  the  end  of  the  stump,  aud  altogether  away 
from  its  surface. 

Results  of  Amputation  through  the  Knee-joint  or  Condyles  of  the 
Temur. — So  far  as  life  is  concerned,  these  operations  have  been  successful. 
In  the  war  of  the  American  rebellion,  of  132  cases,  04  died,  giving  a 
mortality  of  48*4  per  cent.  Of  these  49  were  primary  amputations  ;  the 
deaths  among  which  were  16,  or  22-6  per  cent.  Brinton  gives  62  cases  of 
amputation  through  the  knee  for  disease,  with  14  deaths,  or  32-6  per  cent. 
The  statistics  of  amputation  through  the  condjies  of  the  femur  as  distinguished 
ft'om  amputations  through  the  knee  have  not  been  made  out. 

Max  Schede  gives  the  results  of  amputation  through  the  knee-joint  in  civil 
practice  as  follows  :  for  injury,  314  cases,  103  deaths,  or  32-8  per  cent.  ;  for 
disease,  123  cases,  30  dea,ths,  or  24*4  per  cent.  ;  through  the  condyles,  for 
injury.  111  cases,  40  deaths,  or  36-1  per  cent.  ;  for  disease,  60  cases,  15 
deaths,  or  25  per  cent.  ;  Gritti's  operation,  for  injury,  25  cases,  4  deaths  or  IG 
per  cent.  ;  for  disease,  li)  cases,  5  deaths,  or  2G'3  per  cent. 

AMruTATiONS  OF  THE  Thigh  are  commonly  required  both  for  accident  and 
for  disease.  They  may  be  performed  immediately  above  the  knee  iu  the 
middle  of  the  limb,  or  in  its  upper  third.  Amputation  just  above  'the  knee 
may  be  done  by  lateral  flaps,  the  mass  of  muscle  in  this  part  of  the  thio:h 
lies  on  each  side  of  the  limb,  the  central  portion  being  occupied  in  fi-ont  by 
the  tendinous  and  aponeurotic  structures  connected  with  the  patella  and 
behind  by  the  upper  triangle  of  the  popliteal  space  :  hence,  if  antero-pos- 
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terior  flaps  be  made  here,  they  will  be  thin  and  tendinous  in  the  middle  ; 
whereas  the  lateral  flaps  are  uniformly  thick.  Lateral  flaps  have,  however, 
the  disadvantage  of  leaving-  the  scar  over  the  bone,  and  they  arc  more 
difficult  to  keep  in  position  than  antero-posterior  flaps,  consequently  manv 
Surgeons  prefer  the  latter.  In  the  middle  and  upper  thirds  of  the  thigh, 
the  soft  parts  are  so  distributed  that  the  antero-posterior  flaps  always 
leave  the  best  result,  and  give  the  best  covering  to  the  bone.  If  lateral 
flaps  be  made  in  these  situations,  the  end  of  the  bone  is  apt  to  be  drawn  up 
into  the  angle  of  the  wound  between  the  flaps,  which  MX  away  behind  it.  In 
amputation  in  the  lower  or  middle  third,  a  tourniquet  may  be  applied  high  on 
the  limb  ;  but  when  the  operation  is  done  in  the  upper  third,  there  is  no  space 
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Fig.  77. — Aiiiimtation  of  the  Lower  Third  of  tlie  Tliigli  by  Latei'al  Flaps. 

for  the  application  of  this  instrument,  so  the  hajmorrhage  must  be  aiTcstcd  by 
the  application  of  the  india-rubber  bandage  as  described  on  p.  43,  by  the 
aortic  tom'niquet,  or  by  an  assistant  compressing  the  artery  as  it  passes  over 
the  brim  of  the  pelvis  (Fig.  18,  p.  49).  In  whatever  situation  the  Surgeon 
amputates,  he  must  be  carefnl  to  carry  the  knife  so  as  not  to  split  the  femoral 
artery  or  vein. 

Amputation  above  the  Knee  by  Lateral  Flaps,  or  Verinale's  Opera- 
tion, is  thus  performed  :  the  outer  flap  should  always  be  made  iirst.  The 
point  of  the  knife,  being  entered  in  the  middle  of  the  thigh,  about  three 
inches  above  the  upper  border  of  the  patella,  is  carried  close  round  the  bone 
and  brought  out  through  the  centre  of  the  ham  ;  the  flap  is  then  cut  down- 
wards and  outwards  ;  the  knife,  being  entered  again  in  the  upper  angle  of  the 
incision,  is  carried  close  round  the  bone  to  its  inner  side,  and  the  inner  flap 
made  by  a  sweeping  cut  (Fig.  77).  Unless  the  blade  be  kept  in  contact  with 
the  bone  in  this  situation,  the  femoral  artery  is  very  apt  to  be  split.  The  flaps 
being  then  retracted,  the  bone  is  cleared  by  two  sweeps  of  the  knife,  and  sawn 
about  four  inches  above  its  articular  surface. 

In  the  Middle  or  Uppor  Third  of  the  Thigh,  the  Antero-posterior  Flap- 
Operation  is  to  be  preferred.  In  ordinary  cases,  the  anterior  flap  may  first 
be  made,  and  the  posterior  one  subsequently  fiishioned,  both  by  transfixion 
(Fig.  22,  p.  57).  If,  however,  the  patient  be  very  much  emaciated,  it  is 
difficult  to  get  a  good  cushion  from  the  anterior  part  of  the  thigh  in  this  way ; 
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and  it  is  consequently  preferable  to  follow  the  plan  recommended  by  Mr.  Luke 
of  making-  the  posterior  flap  first  by  transfixion,  and  the  anterior  one  after- 
wards by  cutting  from  without  inwards  (Fig.  22).  In  some  instances  in  which 
the  tissues  at  the  pDstcrior  part  of  the  tliigli  are  much  diseased  or  injured, 
whilst  those  on  the  anterior  aspect  of  the  limb  are  sound,  a  very  good  stump 
may  be  fashioned  by  making  a  long  square  anterior  flap  by  transfixion,  and 
then  cutting  at  one  stroke  of  the  knife  through  the  soft  parts  at  the  posterior 
aspect  of  the  limb,  in  a  somewhat  oblique  direction  from  below  upwards.  The 
anterior  flap,  when  laid  down,  will  form  the  cushion  at  the  end  of  the  stump), 
Tn  the  great  majority  of  cases,  however,  the  operation  will  be  better  per- 


Fig.  78.— Ainputation  of  the  Thigh,  Flaps  cut  from  without  iinvards. 

formed  as  follows.  The  Surgeon,  standing  on  the  right  side  of  tlie  patient, 
enters  the  knife  mid-way  between  the  anterior  and  posterior  surfaces  of  the 
thigh  on  the  side  opposite  to  himself,  and  marks  out  a  rectangular  flap,  with 
the  right  angles  rounded  ofP,  equal  in  length  to  two-thirds  of  the  diameter  of 
the  limb  at  tlie  point  at  which  the  bone  is  to  be  sawn.  He  next  sweeps  the 
knife  round  the  back  of  the  thigh,  so  as  to  mark  out  a  rounded  flap  half  the 
length  of  the  anterior  flap.  The  limb  is  now  raised,  and  the  posterior  flap 
consistnig  of  skin  and  fat  only,  is  dissected  up  to  the  angle  of  the  flaps,  so  as 
to  free  It  from  the  ham-string  muscles,  and  thus  to  limit  its  retraction  Hhp 
anterior  IS  now  raised,  only  skin  and  fat  being  taken  for  the  first  incli  or  so"! 
alter  which  the  8iirgoon  takes  as  much  muscle  as  he  thinks  advisable  to  ensure 
the  vitality  of  the  flap  (Fig.  78).    The  remaining  muscular  tissue  is  now 
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divided  circularly,  and  the  soft  parts  retracted  for  a  distance  of  about  two 
inches,  and  the  bone  sawn  at  that  point.  The  retraction  is  greatly  facilitated 
by  raising  the  limb  to  a  right  angle  with  the  table,  as  recommended  by  Spence. 
The  results  of  this  operation  are  most  satisfactory.  It  may  be  performed 
equally  well  at  any  part  of  the  thigh  from  the  trochanters  to  the  lower  end, 
where  the  skin  of  the  patella  is  included  in  the  anterior  flap. 

In  all  amputations  of  the  thigli  more  or  less  trouble  arises  from  the  contrac- 
tion of  the  flexor  muscles  tending  to  displace  the  posterior  flap  upwards,  and 
so  to  leave  a  gaping  wound  behind  to  heal  by  granulation.  This  is  aggra- 
vated by  the  flexed  position  in  which  the  patient  invariably  places  the  limb. 
The  amount  of  covering  should  therefore  ne^•er  be  less  than  twice  the  diameter 
of  the  limb  at  the  point  at  which  the  bone  is  sawn.  Thus,  suppose  the 
antero-posterior  diameter  to  be  four  inches,  the  anterior  flap  should  be  2|-  inches 
long  and  the  posterior  1^  in.,  and  the  muscles  should  be  retracted  for  two  inches. 
If  there  is  sufiicieut  skin  to  be  had  in  a  primary  amputation  it  might  perhaps 
be  better  even  still  further  to  lengthen  the  posterior  flap,  making  it  equal  to 
the  anterior. 

Amputation  of  the  thigh  may  be  performed  also  by  the  pure  circular,  or  the 
modified  circular,  method,  both  of  which  give  excellent  results  in  very  fleshy 
thighs. 

(  Amputation  through  the  Trochanters  may  sometimes  be  advantageously 
practised,  either  in  severe  compound  fractures  of  the  lower  part  of  the  thigh, 
or  in  cases  of  non-malignant  tumours  of  the  low^er  and  middle  thirds  of  the 
femur  ;  and  thus  the  more  severe  and  dangerous  operation  of  disarticulation 
at  the  hip  may  be  avoided.  Indeed,  should  it  be  found,  after  section  of  the 
bone,  that  it  is  so  much  injured  or  diseased  as  to  require  removal  at  the  joint, 
this  may  readily  enough  be  done  by  dissecting  the  head  out  of  the  acetabulum 
with  a  strong  scalpel  or  bistoury. 

Results. — The  mortality  after  amputation  of  the  thigh  is  very  considerable 
when  the  operation  is  done  for  injury,  more  particularly  for  compound 
fracture  of  the  femur  itself.  The  mortality  after  amputation  for  injury  hi  civil 
hospitals  amounts,  according  to  the  table  at  page  84,  to  59*7  per  cent.  In  the 
French  army  in  the  Crimea,  and  in  Italy,  it  was  very  high,  amounting  to 
92  per  cent.  In  some  hospitals  primary  amputation  of  the  thigh  seems  to 
have  been  almost  invariably  a  fatal  procedure  ;  whilst  in  other  institutions  the 
mortality  has  not  exceeded  50  or  GO  per  cent.  At  Guy's  Hospital  and  at 
University  College,  secondary  amputation  of  the  thigh  has  been  more  fatal 
than  the  primary. 

The  result  of  amputation  of  the  thigh  for  disease  of  the  knee-joint  depends 
entirely  upon  whether  the  affection  is  acute  or  chronic.  In  acute  suppurative 
disorganisation  of  the  knee,  amputation  of  the  thigh  is  most  fatal ;  indeed,  so 
high  is  the  rate  of  mortality,  that  it  is  doubtful  whether  it  is  proper  to 
perform  the  operation  in  that  stage  of  the  affection.  In  chronic  knee-joint 
disease,  on  the  other  hand,  the  operation  is  most  satisfactory  and  successful  ; 
death  seldom  resulting  unless  the  operation  has  been  deferred  too  long. 
The  general  percentage  of  mortaUty  after  amputation  for  disease  is  about 
32-5. 

The  causes  of  death  vary  according  to  the  condition  for  which  the  operation 
is  performed.  In  primary  amputation,  the  fatal  event  is  brought  about  chiefly 
by  exhaustion,  traumatic  gangrene  of  the  stump,  or  secondary  hjemorrhage. 
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In  secondary  amputations,  and  in  those  for  disease,  pjEemla,  erysipelas,  and 
exhanstion  are  the  usual  causes  of  death. 

Max  Schede  gives  the  following  statistics  for  civil  practice  :— Upper  third 
for  injury,  78  cases,  57  deaths,  or  78'0  per  cent.  ;  for  disease,  42  cases,  15 
deaths,  or  35-7  per  cent. ;  middle  third,  for  injury,  67  cases,  50  deaths,  or 
74  per  cent. ;  for  disease,  137  cases,  55  deaths,  or  40-1  per  cent,  ;  lower  thii-d, 
for  injury,  147  cases,  74  deaths,  or  50  per  cent.  ;  for  disease,  205  cases,  G4 
deaths,  or  31-2  per  cent.  The  military  statistics  (excluding  the  French  cases) 
for  all  amputations  of  the  thigh  show  the  following  results.  Primary,  23-0 
per  cent,  of  deaths  ;  intermediate,  72  per  cent.  ;  secondary,  G*.)-G  per  cent.  ; 
time  not  stated,  84-9  per  cent.  The  combined  statistics  of  Busch,  Socin, 
Schede,  and  Volkmann  of  cases  treated  antisepticaliy,  excluding  all  complicated 
cases,  are  as  follows : — For  injury,  23  cases,  5  deaths  :  3  from  shock,  1  from 
tetanus,  and  1  from  septicemia.  For  disease,  G3  cases,  1  death  from  secondary 
hajmorrhage.  Those  of  Bardeleben,  Billroth,  and  Bruns,  from  the  pre- 
aTitiseptic  period,  all  complicated  cases  being  excluded,  are  :  for  injury,  24 
cases,  14  deaths — G  from  pyaemia,  5  from  septicasmia,  1  from  exhaustion,  and 
2  from  shock  ;  for  disease,  81  cases,  29  deaths — 20  from  pyaemia,  1  from 
exhaustion,  4  from  septicasmia,  1  from  secondary  haemorrhage,  and  3  from 
unknown  causes. 

Amputation  at  the  Hip-joint. — This  formidable  operation  is  of  com- 
paratively recent  introduction  into  surgery.  During  the  early  part  and 
middle  of  the  past  century,  its  practicability  was  warmly  canvassed  in  France. 
It  was  performed  on  animals  experimentally.  It  was  found  that  patients 
affected  with  ergotism,  whose  lower  extremities  had  become  gangrenous,  and 
had  separated  at  the  hip-joint,  sur^dved  ;  and,  at  last,  in  the  year  1773,  the 
first  successful  amputation  of  the  kind  was  performed  by  Perrault  of  St^i, 
Maure.  In  the  next  year,  the  operation  was  done  in  England  by  Kerr  of 
Northampton,  on  a  girl  aged  12,  aflFected  with  hip-disease  and  lumbar  abscess. 
The  operation  was  unjustifiable  in  such  a  case,  but  the  patient  lived  17  days, 
and  thus  its  practicability  was  demonstrated.  Larrey  performed  it  in  1793 
for  the  first  time  for  gun-shot  injury  ;  and  since  that  time  the  operation 
has  become  an  established  one  in  surgical  practice,  civil  as  well  as  militaiy. 
The  operation  was  first  performed  successfully  in  England  in  1812,  by 
Brownrigg,  of  Plymouth,  on  a  man  whose  thigh  had  been  broken  in  the 
Peninsular  war  a  year  previously. 

Amputation  at  the  hip-joint  may  be  and  has  been  perfonned  in  a  variety  of 
Avays,  which  it  is  not  necessary  to  detail.    The  most  convenient  operations  are 
those  by  antero-'posterior  f  ajjs,  and  the  oval  metlwd.    Of  these,  that  by  antero- 
posterior flaps  is  the  easier  and  more  speedy.    It  consists  in  making  a  large 
and  thick  anterior  flap  by  transfixion,  and  a  short  posterior  one  ft-om  the 
gluteal  region  and  back  part  of  the  thigh.    In  order  to  perform  this  operation 
properly,  the  patient's  body  must  be  brought  well  forward  upon  the  edge  of 
the  table,  so  that  the  nates  project  beyond  it,  and  be  steadied  by  strong 
bandages.    One  of  these  must  be  passed  between  the  sound  thigh  and  the 
perineum,  and  attached  to  the  upper  end  of  the  table  ;  another  should  be 
carried  across  the  pelvis  to  the  low'er  end  ;  and  the  sound  limb  must  be  tied  to 
the  leg  of  the  table.    The  circulation  through  the  liml)  should  then  be  arrested 
by  one  of  the  means  described  on  pp.  43,  47,  so  as  to  completely  restrain  the 
circulation  through  the  lower  extremities,  thus  depriving  the  operation  of  its 
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gi-eat  danger — undue  loss  of  blood — and  enabling  the  Surgeon  to  complete  it 
without  hurry  or  anxiety  on  this  account. 

The  Surgeon  must  have  three  assistants  on  whom  he  can  fully  rely. 
Assistant  No.  1  takes  charge  of  the  flap,  compressing  the  femoral  vessels  ;  and, 
in  the  absence  of  the  abdominal  compressor,  on  his  trustworthiness  the  patient's 
life  is  mainly  dependent.  Assistant  No.  2  takes  charge  of  the  limb  ;  flexing 
it  slightly  on  the  abdomen  in  the  first  stage  of  the  operation,  whilst  the 
anterior  flap  is  being  made  ;  forcibly  abducting,  extending,  and  rotating 
outwards  during  the  second  stage,  wheu  the  Surgeon  is  opeuing  the  capsule  of 
the  joint ;  and  rotating  inwards  during  the  time  the  posterior  flap  is  being  cut. 
On  the  way  in  which  he  performs  these  duties,  the  facility  with  which  the 
Surgeon  performs  the  operation  is  mainly  dependent.    To  Assistant  No.  3  is 


Fig.  79. — Amputation  at  the  Hip-joint:  Formation  of  Anterior  Flap  in  Left  Limb. 


consigned  the  cai;e  of  the  compressor  of  the  abdominal  aorta.  After  the 
removal  of  the  limb,  Assistant  No.  2  aids  the  Surgeon  in  ligaturing  the 
arteries.  These  preliminaries  having  been  arranged,  and  the  duty  of  each 
assistant  assigned  to,  and  distinctly  understood  by  him,  the  operation  is  to  be 
performed  in  the  following  way. 

The  Surgeon,  standing  on  the  left  side  of  the  limb  to  be  removed,  feels  for 
the  bony  points  which  guide  his  knife,  viz.,  the  tuber  ischii  and  the  anterior 
superior  spine  of  the  ilium.  The  knife,  which  must  have  a  blade  twelve 
inches  long,  requires  to  be  entered,  and  the  flap  to  be  made,  in  difl'erent  ways, 
according  to  the  side  of  the  body  on  Avhich  the  operation  is  performed.  If  it 
be  on  the  hft  side,  the  knife  should  be  entered  al)out  two  fingers'  breadth 
below  the  anterior  superior  spine  of  the  ilium,  and  carried  deeply  in  the  limb 
behind  the  vessels,  directly  across  the  joint ;  its  point  being  made  to  issue 
near  the  tuberosity  of  the  ischium  well  behind  the  prominent  ridge  formed  by 
the  tendon  of  the  adductor  longus  {Fig.  79).  In  transfixing  on  this  side,  care 
must  be  taken  not  to  wound  the  scrotum  or  the  opposite  thigh  ;  the  back  of 
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the  knife  must  run  parallel  to  Ponpai-t's  ligament,  and  the  point  must  not  he 
held  too  high,  lest  it  enter  the  abdominal  cavity.  The  anterior  flap  must  then 
be  rapidly  cut  downwards  and  forwards,  aT)out  six  or  eight  inches  in  length. 
In  doing  this,  care  must  be  taken  not  to  make  the  flap  pointed.  This  is  best 
done  by  keeping  the  edge  of  the  knife  turned  slightly  towards  the  bone  till  the 
point  is  reached  at  which  it  is  to  be  brought  out.  Also,  the  assistant  who  holds 
the  liml)  must  take  care  not  to  extend  it  too  soon,  but  to  keep  it  flexed  and 
slightly  adductcd  until  the  anterior  flap  is  completely  cut;  and  the  assistant 
who  has  charge  of  the  flap  must  be  careful  not  to  raise  it  up  too  much  nor  to 
squeeze  it  laterally  in  grasping  the  vessel.  The  limb,  which  has  so  far  been 
raised  and  slightly  flexed  upon  the  abdomen  and  adducted,  must  now  be 
forcibly  extended,  abducted,  and  rotated  outwards  ;  the  capsule  of  the  joint 
is  then  to  be  opened  by  a  firm  cut  with  the  point  of  the  knife.    So  soon 


Fig.  80. -Amputation  at  the  Hip-joint :  Formation  of  Anterior  Flap  in  Right  Limlj. 


as  this  IS  done,  the  head  of  the  femiu-  starts  out  of  the  socket  and  the  operator 
touches  the  round  hgament  with  the  point  of  the  knife.  The  assistant  now 
allows  the  hmb  to  hang  down,  and  the  head  of  the  femur  becomes  separated 
by  some  distance  from  the  acetabulum,  and  the  posterior  part  of  the  capsule  is 
bi'onght  mto  view  and  put  on  the  stretch.  Thi^  is  divided  with  tL  ^-nt  f 
the  knife,  and  immediately  it  is  done  the  assistant  puts  the  limb  in  an 
extended  position  in  a  line  with  the  body,  and  at  the  same  time  rotate 
It  inwards  so  that  the  trochanter  shall  not  catch  the  knife  ;  the  Teel  of  the 
knife  IS  then  passed  over  the  trochanter,  and  the  posterior  flap  rapidly  !t  by 
carrying  the  kn.ie  downwards  and  backwards  through  the  thick  in 
this  situation.    The  posterior  flap  may  be  about  four  inches  in  len<^^h  bu 
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this  must  of  course  vary  according  to  the  length  of  the  anterior  flap.  When 
the  amputation  is  performed  on  the  right  side,  the  anterior  flap  is  made  by 
entering  the  knife  just  above  the  tuberosity  of  the  ischium,  and  bringing  it 
out  two  fingers'  breadth  below  the  anterior  superior  spine  of  the  ilium 
(Fig.  8<0  ;  the  remaining  steps  of  the  operation  l)eiiig  performed  as  in  the  last 
case.  In  transfixing  from  the  inner  side,  if  the  point  of  the  knife  be  directed 
too  much  upwards,  it  may  enter  the  thyroid  foramen. 

In  order  to  avoid  the  inconvenience  caused  by  standing  in  a  cramped  posi- 
tion between  the  patient's  thighs,  many  Surgeons  transfix  from  the  outer  side 
on  the  right  side  as  well  as  on  the  left. 

In  consequence  of  the  extent  to  which  the  liud)  that  is  about  to  be  removed 
may  have  been  injured,  or  have  been  encroached  upon  by  disease,  it  is  not 
always  easy  to  make  the  anterior  flap  of  the  size  or  shape  described,  A  little 
management  on  the  part  of  the  Surgeon  will  however  enable  him  to  take  the 
requisite  amount  of  covering  from  the  outer  or  inner  parts,  by  inclining  the 
point  or  the  heel  of  the  knife  downwards,  as  the  case  may  require  ;  or  he 
may  make  the  anterior  flap  by  incision  from  without  inwards,  instead  of  by 
transfixion. 

When  the  femur  is  entire  and  unbroken,  Assistant  No.  2  uses  it  as.  a 
lever,  bringing  the  lower  end  of  it  iu  the  second  stage  of  the  operation 
downwards  and  outwai-ds,  thus  causing  the  head  of  the  bone  to  press  against 
the  anterior  part  of  the  capsule,  and  to  start  out  with  a  peculiar  sucking 
noise  as  soon  as  the  latter  is  opened.  Should,  however,  the  bone  have  been 
fractured  high  up,  this  movement  cannot  be  given  to  it  ;  and  then  the 
Surgeon  must  grasp  the  upper  end  of  the  femur  l)elow  the  trochanters,  so  as  to 
steady  and  push  it  back  as  he  is  disarticulating  its  head.  In  two  of  the  cases 
in  which  I  have  amputated  at  the  hip-joint,  it  has  been  necessary  to  do  this — 
in  one,  in  consequence  of  the  crush  of  the  bone,  two  inches  below  the 
trochanters,  by  a  railway  accident  ;  in  the  other,  in  consequence  of  its 
spontaneous  fracture  at  the  junction  of  its  upper  and  middle  thirds,  in  a 
case  of  rapidly  growing  malignant  disease  of  the  bone.  This  fractured  con- 
dition of  the  femur  necessarily  makes  the  operation  somewhat  more  difficult, 
as  the  Surgeon  is  deprived  of  the  long  lever  afforded  by  the  limb  in  its  sound 
state,  by  which  the  head  is  tilted  upwards  and  fonvards,  and  the  capsule  put 
on  the  stretch  so  as  to  be  brought  directly  against  the  point  of  the  knife  as  it 
is  drawn  across  it. 

In  amputation  at  the  hip-joint,  the  great  immediate  danger  formerly  appre- 
hended was  excessi\'e  hasmorrhage,  the  incisions  being  made  so  high  up  that 
no  ordinary  tourniquet  could  be  applied.  By  means  of  Pancoast's  compressor, 
the  circulation  through  the  abdominal  aorta  may  be  arrested,  and  thus  the 
danger  has  been  obviated.  Even  noAV  the  arrest  of  the  hfemovrhage  during 
the  operation  must  be  intrusted  to  an  assistant  who  can  be  fully  relied  on. 
After  the  abdominal  compressor  has  been  applied,  and  the  flow  of  blood 
through  the  aorta  arrested,  his  business  should  be  to  compress  the  artery  above 
the  brim  of  the  pelvis,  and  then  to  follow  the  knife  in  the  first  incision,  and, 
as  the  anterior  flap  is  being  made,  slip  his  fingers  under  it  and  grasp  it  firmly 
above  and  below,  so  as  to  compress  the  femoral  artery  in  it,  which  is  divided 
as  the  knife  cuts  its  way  out  (Fig.  81).  By  grasping  the  flap  tightly,  there 
will  be  but  little  risk  of  hfemorrhage  from  the  femoral  artery,  even  when  the 
abdominal  aorta  has  not  been  compressed  by  the  application  of  the  tourni- 
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cjuet ;  but  lest  this  should  slij),  or  the  assistant  ^vhose  duty  it  is  to  grasp  the 
flap  by  any  chance  should  fail  in  holding  it  properly,  it  may  be  well  to  direct 
one  of  the  assistants,  whose  business  it  is  to  steady  the  trunk,  to  have  his 
thumb  Avell  pressed  down  into  the  iliac  fossa,  so  as  to  compress  the  artery 
against  the  brim  of  the  pelvis.  As  the  posterior  flap  is  being  made,  the 
bleeding  from  the  gluteal  and  sciatic  vessels,  which  is  often  very  free,  may  be 
an-ested  by  two  assistants  who  should  be  ready  to  cover  and  compress  them 
with  the  fingers  or  dry  sponges,  or  seize  them  in  Sir  Spencer  Wells's  forceps. 
The  arteries  may  then  be  ligatured  one  by  one,  as  the  assistant  exposes  them. 
If  the  other  assistant  have  a  good  hold  of  the  femoral,  the  vessels  in  the 
posterior  flap  may  be  tied  first ;  l)ut  if  the  femoral  be  insecurely  held,  it 
must  be  first  tied.  The  femoral  arteries,  both  superficial  and  deep,  will 
be  found  to  be  cut  long,  and  to  project  from  the  muscles,  by  which  they 


Fig.  SI.— Aiuptitation  at  Hip-joint :  Ci)inpression  of  Femoral  Ai  tcry  in  Anterior  Flap. 

are  surrounded,  so  as  very  readily  to  be  seized  by  the  fingers  or  forceps, 
pulled  out,  and  ligatured.  The  arteries  in  the  posterior  flap  and  on  the 
inner  side  of  the  joint  will  be  found  in  the  inter-muscular  septa.  The  flaps 
are  to  be  brought  together  by  six  or  eight  sutures,  and  a  turn  of  a  broad 
bandage  may  then  be  passed  round  the  abdomen,  and  the  end  brought  up 
from  behind  under  the  stump  so  as  to  support  them. 

In  former  times  it  was  of  great  importance  to  perform  the  operation  Avith 
as  much  rapidity  as  possible,  and  the  disarticulation  was  usually  ettected  in 
from  thirty  to  forty  seconds,  and  frequently  in  even  less  time  ;  but  since  the 
means  of  arresting  hasmorrhage  have  been  perfected,  time  is  of  less  import- 
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mice,  aud  consequently  the  oval  method,  which  presents  mauy  advantages,  has 
been  nuich  more  frequently  practised  of  late  years. 

The  oval  amputation  is  performed  in  a  variety  of  ways,  and  more  experience 
is,  perhaps,  still  required  to  determine  which  is  the  best.    The  following  plan 
has  been  found  to  answer  well  at  University  College  Hospital.    The  patient  is 
to  be  placed  on  his  sound  side,  and  the  thigh  of  that  side  is  to  be  flexed  as  far 
as  possible  aud  secured  in  that  position  by  two  bandages,  one  attached  to  the 
thigh  immediately  above  the  knee  with  a  clove  hitch,  the  two  ends  of  which 
are  passed  round  the  patient's  neck  and  under  the  arm  of  the  same  side  and 
fii-mly  knotted  together.    This  bandage  nuiintains  the  flexed  position  of  the 
thigh,  which  gives  steadiness  to  the  trunk.    The  second  bandage  is  to  be 
passed  also  round  the  sound  thigh  and  secured  to  the  leg  of  the  table  beneath 
the  i^atient's  head,  in  order  to  prevent  his  slipping  down  during  the  operation. 
The  patient's  body  must  be  further  steadied  by  an  assistant  placed  opposite 
the  slioulders.    Another  assistant  takes  charge  of  the  thigh,  and  a  third,  who 
stands  opposite  the  Surgeon,  will  take  the  vessel  by  thrusting  the  fingers  of 
one  hand  into  the  wound  and  grasping  the  artery  between  them  and  his 
thumb.    The  patient  being  thus  prepared,  and  the  india-rubber  band  or 
aortic  clamp  applied,  the  Surgeon  stands  so  as  to  have  his  left  hand  to  the 
flaps,  that  is  to  say,  behind  for  the  right  thigh,  and  in  front  for  the  left.  An 
amputating  knife  of  moderate  length  is  to  be  chosen.    In  operating  on  the 
right  side  the  incision  is  commenced  about  two  inches  above  the  trochanter 
and  canied  firmly  down  to  the  bone  and  along  the  femur  to  about  six  or  seven 
inches  below  the  upjier  end  of  the  bone.    At  this  i^oint  the  incision  is  made 
to  bifurcate,  one  part  being  canied  in  a  curved  du-ection  forwards  for  about 
two  inches  and  the  other  backwards  in  the  same  way.    This  marks  the  point 
at  which  the  transverse  part  of  the  incision  is  to  be  made.    The  limb  is  now 
abducted,  and,  if  the  first  incision  has  l)een  made  with  sufficient  firmness,  the 
operator  will  be  able  to  push  his  thumb  into  the  longitudinal  slit  which  has 
been  made  in  the  lower  parts  of  the  two  smaller  glutei.    The  muscles  thus 
being  put  on  the  stretch,  the  point  of  the  knife  is  made  to  cut  over  the  tro- 
chanter and  down  the  upper  part  of  the  bone,  completely  separating  the 
muscles  attached  to  it,  first  in  front  and  then  behind.    The  limb  is  then 
forcibly  adducted,  and  the  assistant  at  the  same  time  tries  to  lift  the  head 
of  the  femur  out  by  putting  one  of  his  hands  on  the  inner  side  of  the  thigh 
as  high  up  as  possible.    The  operator  then  opens  the  joint  by  making  a  firm 
cut  in  the  line  of  the  superficial  incision,  so  as  to  make  a  slit  in  the  capsule 
and  to  divide  the  cotyloid  ligament,  and  thus  to  render  dislocation  more 
easy.    Another  incision  is  then  carried  backwards  in  the  capsule  in  the 
line  of  its  attachment.    The  head  of  the  bone  then  starts  from  the  socket 
and  the  point  of  the  knife  is  inserted  so  as  to  divide  the  round  ligament. 
If  the  head  does  not  come  out  readily,  the  assistant  may  seize  the  exposed 
trochanter  with  a  pair  of  lion  forceps  and  drag  it  forcibly  outwards.  The 
remainder  of  the  caj^sule  is  then  cut,  and  the  assistant  can  now  lay  hold 
of  the  trochanter  and  pull  it  forcibly  out  of  the  wound,  while  the  operator, 
getting  his  knife  to  the  inner  side  while  he  holds  the  soft  parts  out  of 
the  way  with  his  left  hand,  gradually  sei)arates  the  bone  from  its  attach- 
ments till  it  is  exposed  as  low  as  is  required.    During  this  part  of  the  opera- 
tion the  limb  must  still  be  adducted  to  the  greatest  possible  extent.  Having 
reached  the  point  at  which  the  commencement  of  the  transverse  part  of  the 
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incision  lias  been  already  marked,  the  Surgeon  turns  the  edge  of  the  knife  away 
from  the  bone  and  cuts  across  to  the  inner  side  of  the  limb,  thus  completing  the 
amputation.  During  this  part  of  the  operation  the  assistant  must  bring  the 
limb  into  a  straight  line  with  the  trunk.  The  artery  must  be  compressed  l)y 
an  assistant  with  one  hand  in  the  upper  part  of  the  wound.  In  operating 
on  the  left  side,  the  first  incision  is  made  from  below  upwards.  In  other 
respects  the  operation  is  performed  in  the  same  way  as  on  the  right  side.  II 
the  hmb  be  very  muscular  it  is  a  good  plan,  after  having  enucleated  the  upper 
part  of  the  femur,  to  complete  the  circular  part  of  the  incision  by  cutting 
from  without  inwards,  carrying  the  incision  only  through  the  skin  and  fat, 
Avhich  may  then  be  turned  up  for  a  couple  of  inches,  the  muscles  being 
divided  last  of  all  at  the  higher  level.  The  wound  must  be  carefully  united 
Avith  sutures,  a  large  drainage  tul)e  being  inserted  at  the  outer  side.  The 
advantages  of  the  oval  method  arc  :  firstly,  as  pointed  out  by  Furneaux 
Jordan,  it  leaves  a  smaller  wound  than  the  flap  amputation,  and,  secondly,  it 
can  more  easily  be  dressed  by  some  of  the  antiseptic  methods,  as  there  is  an 
interval  of  six  or  seven  inches  at  the  inner  side  of  the  stump  between  the 
wound  and  the  anus.  The  only  disadvantage  it  j)resents  is,  that  it  is  more 
difficult  and  tedious  of  performance. 

In  order  still  further  to  diminish  the  size  of  the  wound,  some  Sm'geons  have 
recommended  that  the  thigh  be  amputated  immediately  below  the  trochanters, 
first,  and  the  upper  part  of  the  femur  be  then  excised  from  the  wound. 

Results. — The  mortality  after  amputation  at  the  hip-joint  is  necessarily 
very  high.  This  we  sliould  naturally  expect  from  the  size  of  the  part  removed 
and  the  consequent  shock  to  the  system.  The  rate  of  recovery  A-aries  greatly 
according  to  the  condition  of  the  limb  that  necessitates  the  operation.  Thus, 
amputation  at  the  hip- joint  had  been  performed,  so  far  as  I  could  ascertain 
from  published  cases,  12G  times  up  to  the  year  1864  ;  of  these  70  died.  In  47 
instances  it  was  for  injury  :  of  these  35  proved  fatal  ;  Avhilst  in  42  cases  in 
which  it  was  done  for  chronic  disease,  24  recovered  and  only  18  died. 

Primarij  ampidaimi  at  the  hip-joint  in  cases  of  severe  injury  of  the  thigh,  by 
gunshot  or  otherwise,  with  comminution  of  the  femur,  is  one  of  the  most  fatal 
operations  in  surgery.  In  all  the  12  cases  in  which  it  was  done  in  the  Crimea 
it  proved  fatal  ;  and  Legouest  has  collected  30  cases  of  this  amputation  for 
gunshot  injury,  in  all  of  which  the  operation  terminated  in  death.  Indeed, 
up  to  the  time  of  the  war  of  the  rebellion  in  America,  there  M'as  no  authentic 
instance  of  recovery  under  these  circumstances.  But  in  the  elaborate  and  most 
able  surgical  history  of  that  great  Avar,  published  by  the  Surgeon-General, 
19  cases  of  primary  amputation  at  the  hip-joint  for  gunshot  injury  of  the 
femur  are  related.  Of  these  11  died  from  the  immediate  shock  of  the  opera- 
tion ;  5  died  lietAveen  the  2nd  and  the  10th  day  ;  one,  a  man  28  years  of  age, 
who  had  amputation  at  the  hip  performed  by  Surgeon  Shippen"  seven  hours 
after  the  receipt  of  his  Avound,  was  in  perfect  health  four  years  after  the 
operation  ;  and  the  remaining  tAvo  cases  had  been  cured,  so  that  one  was  alive 
and  well  tAvo,  and  the  other  six,  months  after  the  amputation. 

Intermediate  operations,  or  those  done  during  the  inflammatory  period, 
are  very  unsuccessful :  18  cases  that  occurred  in  the  American  Avai-  were  all 
fatal. 

Secondary ^  amputation,  in  cases  of  attempted  preservation  of  the  limb  after 
severe  injuries  and  gunshot-wounds,  has  been  far  more  successful.    Foui'  case:^ 


RESULTS  OF  IIIP-JOIXT  AMPUTATIONS. 


141 


in  which  J,  Eonx  practised  it  in  the  French  campaign  of  1859  iu  Italy  all 
recovered,  as  did  two  out  of  nine  in  wliicli  it  was  practised  in  America. 

Re-am puial ion  at  the  hip-joint  for  diseased  thigh-stumps  has  also  been  a 
successful  operation  :  4  out  of  7  American  cases  recovered. 

Amjjutatioti  at  the  hip-joint  for  disease  of  the  femur  has  undoubtedly- 
become  less  fatal  of  late  years  than  formerly.  This  is  owing  to  the 
operation  being  submitted  to  at  an  earlier  stage  of  the  disease ;  to  a  better 
selection  of  cases ;  possibly  to  improved  methods  of  after-treatment ;  but 
mainly  to  the  influence  of  anaesthetics,  by  which  the  shock  to  the  system 
necessarily  resulting  from  so  very  severe  a  nuitilation  is  materially  lessened. 
The  employment  of  Pancoast's  aorta-compressor  and  the  elastic  band  will 
probably  still  fnrtlier  reduce  the  mortality  by  lessening  the  loss  of  blood. 

The  more  extended  statistics  lately  published  by  Max  Schcde  show  the 
following  results  : — Amputations  in  civil  practice, — for  injury,  55  cases,  with 
30  deaths,  or  7()"9()  per  cent.  ;  for  disease,  153  cases,  05  deaths,  or  42"G8  per 
cent.  The  carefully  collected  statistics  of  Liining  of  amputations  for  gunshot 
wounds  show  the  following  results  :  primary  amputations — !)()  cases,  84  deaths, 
or  !)3*3o  percent.  ;  intermediate  amputations  (from  second  to  fourth  day) — 22 
cases,  21  deaths,  or  95'45  per  cent.  ;  secondary  or  late  amputations — 53  cases, 
42  deaths,  or  79 "24  per  cent.  ;  amputations  in  which  the  date  is  not  stated — 
65  cases,  60  deaths,  or  92*30  per  cent. 
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LOCAL  DISTURBANCES  OF  CIRCULATION,  AND 

INFLAMMATION. 

Local  Distuebances  of  Circulatiox. — These  may  be  of  three  kinds, 
Local  Anjemia ;  Active  Hyperseniia,  Active  Congestion,  or  Determination  of 
Blood ;  and  Passive  Hyperasmia  or  Passive  Congestion. 

IiOCAL  ANiEMIA. 

Local  Anaemia  may  he  complete  and  permanent,  as  in  obliteration  of  the 
arteries  leading  to  a  part  by  the  formation  of  a  clot  of  blood  Avithin  them,  by 
disease  of  their  coats,  by  pressure  from  without,  or  from  a  wound.  Com- 
plete antemia  may  result  also  from  diffused  pressm-e  acting  on  the  capillaries. 
This  condition  must  necessarily  lead  to  the  death  of  the  affected  part, 
and  will  be  considered  when  treating  of  gangrene.    It  may  also  be  incomplete 
and  permanent  from  the  same  causes  acting  in  a  less  degree.    Whenever  from 
any  cause  the  arteries  leading  to  a  part  are  permanently  diminished  in  calibre, 
the  amount  of  blood  circulating  through  the  area  supplied  by  them  must 
necessarily  be  diminished,  and  the  tissues  will  suffer  in  proportion  to  the 
diminution.    Such  a  condition  is  very  common,  as  we  shall  afterwards  sec, 
from  degenerative  changes  in  the  coats  of  the  arteries  in  old  people.  Under 
such  circumstances  the  nutrition  of  the  part  is  impaired.    It  is  colder  and 
paler  than  natural,  the  growth  of  the  epithelium  is  imperfect,  and  the  surface 
is  often  dry  and  scaly ;  in  a  limb,  the  nails  are  brittle  and  grow  more  slowly 
than  natural ;  the  muscles  are  weak  and  are  liable  to  irregular  painful  con- 
tractions or  cramp.    The  power  of  resistance  to  external  injuries  is  lessened  : 
a  slight  degree  of  cold  causes  gangrene ;  wounds  tend  to  slough  and  ulceration 
to  occur  in  the  skin  from  superficial  abrasions  ;  and  inflammation  in  general 
arises  from  causes  that  would  be  harmless  to  a  healthy  part,  and  tends  readily 
to  assume  a  spreading  form  and  to  terminate  in  suppuration  or  gangrene. 
Permanent  local  anasmia  acts  therefore  as  one  of  the  most  important  pre- 
disposing causes  of  inflammation.    Temporary  local  angemia  may  be  produced 
intentionally  by  the  surgeon,  as  in  the  bloodless  methods  of  operating  alreadv 
described,  or  by  pressure  applied  to  arrest  bleeding.    Physiologically  it  is 
produced  by  contraction  of  the  muscular  fibre  cells  in  the  middle  coat  of  tlie 
arteries.    This  may  be  brought  about  by  direct  stimulation  of  the  artery,  sucli 
as  occurs  from  mechanical  injury,  cold  or  exposure  in  a  wound,  or  through  t\\v 
medium  of  the  vaso-motor  nerves.    Stimulation  of  the  sympathetic  nerves, 
either  direct  or  reflex,  causes  temporary  contraction  of  the  vessels  in  the  area 
supplied  by  the  nerves  to  which  the  stimulus  is  applied.    As  familiar  examples 
of  local  anasmia  from  contraction  of  the  arteries,  we  may  take  the  dead-white 
colour  of  fingers  or  toes  from  exposure  to  cold,  and  the  anjemia  of  the  brain 
with  insensibility  which  forms  the  condition  known  as  concussion  after  a  blow 
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upon  the  head.  Local  aiiffimia  of  one  part  may  result  also  from  hyperaemia  of 
another,  as  the  amount  of  blood  in  the  body  is  not  nearly  sufficient  to  distend 
all  the  vessels  fully.  The  most  familiar  example  of  this  is  the  faintness  from 
anfemia  of  the  brain  which  results  from  immei-sin<^  the  body  in  a  hot  bath, 
by  which  the  whole  of  the  cutaneous  vessels  become  widely  dilated,  thus  more 
or  less  draining  the  internal  parts.  In  whatever  way  temporary  local  anajmia 
is  produced,  as  soon  as  the  cause  is  removed  it  ceases,  and  is  replaced  by 
hyperjemia,  varying  in  intensity  with  the  duration  and  degree  of  the  previous 
anaemia.  Familiar  examples  of  this  are :  the  red  glow  that  succeeds  when  the 
fingers  recover  after  having  been  "dead"  with  cold,  and  the  blush  and  oozing 
of  blood  that  follows  the  removal  of  the  tourniquet  in  bloodless  methods  of 
operating. 

ACTIVE   liOCAIi   HYPERiEMIA,    ACTIVE    CONGESTION,   DETERMINATION  OP 

BLOOD,    OR  FLUXION. 

This  condition  consists  essentially  of  an  increased  flow  of  blood  to  a  part, 
owing  to  a  dilatation  of  the  arteries  from  relaxation  of  the  muscular  fibre-cells 
of  the  middle  coat.  The  term  increased  vascular  action "  has  been  often 
applied  to  this  condition,  although  it  is  evident  that  the  only  action  an  artery 
is  capable  of,  viz.  narrowing  of  its  calibre  by  contraction  of  its  muscular 
coat,  diminishes  the  afflux  of  blood.  Determination  of  blood  is  a  vital  process, 
often  very  transitory,  and  frequently  occurring  as  a  normal  action  in  those 
conditions  of  the  system  in  which,  for  temporary  purposes,  an  increased  afflux 
of  blood  is  called  for  by  particular  organs.  The  turgor  of  the  erectile  tissues, 
and  the  afflux  of  blood  to  the  salivary  glands  during  secretion,  ajfford  familiar 
examples. 

An  increased  local  supply  of  blood  lies  at  the  bottom  of  most  surgical  pro- 
cesses. No  process  by  which  the  separation  of  dead  parts  is  effected,  or  by 
which  the  repair  of  wounds  or  ulcers  is  carried  out,,  can  occur  without  it. 
Every  vascular  tissue  is  susceptible  of  it ;  and  in  active  processes  in  non- 
vascular tissues  it  occurs  in  the  nearest  vessels.  The  Surgeon  often  excites  it 
intentionally  as  one  of  the  most  efficient  of  his  therapeutic  means.  Under 
these  circumstances,  therefore,  it  can  scarcely  be  considered  a  disease. 

It  is,  however,  fi-cquently  associated  ■\\nth  disease,  forming  as  it  docs  an 
essential  part  of  all  inflammatory  processes. 

Causes. — The  regulation  of  the  circulation  is  under  the  control  of  the 
sympathetic  vaso-motor  nerves.  We  have  before  seen  that  stimulation  of  the 
sympathetic  causes  contraction  of  the  arteries  and  lociil  antemia  ;  inhibition  or 
paralysis  of  the  sympathetic  causes  dilatation.  Thus  when  the  sympathetic 
nerve  in  the  neck  of  a  dog  or  rabbit  is  divided,  or  when  in  man  it  is  pressed 
on  by  a  tumour  or  an  aneurism,  the  arteries  in  the  corresponding  side  of  the 
head  become  dilated,  a  greater  afflux  of  blood  takes  place,  reddening  of  the  skin 
and  mucous  sui-faces  occurs,  and  the  temperature  is  increased— in  other  words, 
determination  of  blood  results.  The  contraction  of  the  vessels  that  occurs  on 
stimulation  of  the  sympathetic  is  always  followed  rapidly  by  relaxation  with 
hyperfcmia.  The  vaso-motor  nerves  may  be  att'ectcd  also  by  reflex  stimuli. 
Irritation  of  a  seasory  nerve  causes  immediate  dilatation  of  the  vessels  in  the 
area  supplied  by  that  nerve.  Another  marked  example  of  reflex  hyperaimia 
is  the  engorgement  of  the  kidney  that  often  follows  operations  upon  the 
urethra,  and  which  may  terminate  fatally.    An  irritant  applied  dii-ectly  to  a  part 
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may  cause  dilatation  of  the  vessels  in  two  ways,  first,  in  a  reflex  manner  by 
acting  on  the  sensory  nerves  of  the  part ;  and  secondly,  by  acting  injuriously 
on  the  arteries  themselves,  and  paralysing  their  muscular  coats.  Thus,  a 
blister  when  first  applied  causes  redness  l)y  acting  on  the  sensory  nerves; 
but  after  it  has  been  on  some  time,  its  action  extends  sufficiently  deeply  to 
exert  a  directly  injurious  influence  on  the  vessels  themselves.  This  latter 
condition  is  a  part  of  true  inflammation.  Hypertemia  always  accompanies 
the  exercise  of  function ;  occurring  in  glands  during  secretion,  muscles  during 
exertion,  &c.  To  this  class  of  causes  may  also  be  referred  the  various  forms  of 
normal  determination  such  as  erection,  or  the  enlargement  of  the  mammary 
vessels  during  pregnancy.  Lastly,  anaamia  of  one  part  may  be  associated 
with  hyperasmia  of  another,  contraction  of  the  arteries  in  the  one  causing  a 
sympathetic  dilatation  of  the  vessels  of  the  other.  Thus  exposure  of  the 
surface  to  cold  may  cause  hyperasmia  of  the  lungs,  intestines,  or  kidneys. 

Symptoms. — The  sympto]ns  of  determination  of  blood  are  those  that  we 
should  expect  to  result  from  an  increased  quantity  of  blood  rushing  with 
increased  velocity  through  the  alfected  textures.  They  are  as  follows : — 
Redness  of  a  bright  scarlet  hue,  swelling  from  turgescence  of  the  vessels,  heat 
appreciable  to  the  Surgeon  as  well  as  to  the  patient,  a  feeling  of  fulness  and  of 
throbbing,  with  an  increase  in  the  quantity  of  the  secretions  of  the  part. 

Effects. — The  effects  of  simple  hyperasmia  can  rarely  be  studied  uncom- 
plicated by  other  conditions.  It  may,  however,  be  broadly  stated,  that  so  long 
as  the  walls  of  the  vessels  are  healthy,  mere  increased  flow  of  blood  causes  no 
evil  consequences  in  the  affected  area.  In  all  cases  in  which  it  is  the  result  of 
local  irritation,  it  is  complicated  by  a  greater  or  less  degree  of  true  inflamma- 
tion. When  due  to  division  of  a  nerve,  such  as  the  sciatic,  in  which  are 
contained  motor  and  sensory  as  well  as  vaso-motor  fibres,  it  is  difficult  to 
determine  how  much  of  the  effect  produced  is  due  to  the  mere  paralysis  of  the 
muscular  coat  of  the  arteries.  In  cases  of  hyperasmia  from  pressure  upon  the 
sympathetic  in  the  neck,  there  is  some  fulness  of  the  face  but  no  actual 
oedema.  There  is  also  in  many  cases  profuse  sweating  of  the  affected  side  of 
the  face.  It  gives  rise  to  no  tendency  to  capillary  hajmorrhage,  provided  the 
vessels  are  healthy ;  but  long  continued  or  frequently  repeated  determination 
of  blood  causes  permanent  dilatation  of  the  capillaries,  and  some  thickenino- 
of  their  walls.  In  glandular  organs  active  hyperasmia  causes  an  excessive  flow 
of  secretion.  Occasionally  it  may  cause  hy])ertrophy  ;  thus,  the  skin  may 
assume  a  warty  appearance  from  h}q5ertrophy  of  its  papillte  in  the  hyjieriBmio 
area  round  an  ulcer,  and  sometimes  there  may  be  an  excessive  growth  of  hair 
from  the  same  cause. 

PASSIVE  CONaESTION. 

Passive  Congestion  or  Passive  Hyperaemia  plays  an  important  part  in 
surgery;  it  gives  rise  to  serious  structural  changes  and  acts  as  a  powerful  pre- 
disposing cause  of  inflammation.  It  consists  essentially  of  accumulation  ol' 
blood  in  the  aflPected  part  from  interference  with  its  free  return  to  the  heart 
The  blood  in  the  affected  area  is  not  only  greatly  increased  in  quantity,  but  it 
circulates  languidly,  and,  from  its  prolonged  stay  in  the  capillaries,  it  becomes 
more  con^ipletcly  de-oxidised  than  natural,  and  is  consequently  of  a  darker 
colour.  The  arteries  are,  at  most,  of  their  normal  size,  perhaps  even  thev  may 
be  contracted,  while  the  veins  and  capillaries  are  distended.    When  the  cir- 
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dilation  ill  fcho  congested  part  becomes  completely  arrested,  stagnatmi  is  said 
to  occnr. 

Causes. — The  force  of  gravity  plays  an  important  part  in  many  cases  as  a 
cause  of  passive  congestion,  especially  in  the  pelvic  viscera,  the  veins  of  which 
are  nnprovided  with  valves.  Its  effects  are,  however,  even  more  marked  hi  the 
leg  when,  as  the  resnlt  of  disease,  the  valves  have  become  incompetent.  Under 
these  circnmstances  the  increased  pressure  leads  to  dilatation  of  the  veins  and 
capillaries,  and  consequently  retards  the  flow  of  blood  through  them.  This 
condition  is  termed  hypostatic  congestion.  The  most  familiar  examples  are 
congestion  of  the  legs  from  long-continued  standing,  and  of  the  posterior 
part  of  the  lungs  of  those  Avho  have  been  long  confined  to  a  recmnbent 
position. 

Any  mechanical  obstruction  which  increases  the  resistance  in  the  venous 
or  capillary  circulation  also  gives  rise  to  passive  congestion.  The  obstructing 
cause  in  the  veins  may  be  outside  or  inside  the  vessels — the  former  being  such 
conditions  as  pressure  of  tumours,  or  of  faeces  on  the  pelvic  veins,  partial 
strangulation,  as  in  hernia,  &c. ;  and  the  latter,  coagulation  of  blood  in  the 
vein  with  or  without  inflammation  of  its  coats,  as  in  white  leg  or  phlegmasia 
dolens.  Congestion  in  the  capillaries  and  smaller  veins  alone  is  most  commonly 
the  result  of  altered  vital  relation  between  the  wall  of  the  vessel  and  the 
contained  blood  ;  it  then  forms  a  part  of  inflammation,  and  is  most  properly 
described  with  that  process. 

Again,  resistance  remaining  unaltered,  passive  congestion  may  be  caused  by 
a  diminution  of  the  normal  forces  of  the  circulation  which  should  overcome  it. 
Thus  we  see  congestion  of  the  extremities  in  exhausting  fevers  in  which  the 
propulsive  power  of  the  heart  is  greatly  diminished ;  and  the  same  condition 
readily  occurs  in  old  people.  Paralysed  limbs  are  usually  congested  and  cold, 
the  congestion  arising  to  a  great  extent  from  the  want  of  muscular  contrac- 
tions, which  help  so  powerfully  to  drive  the  blood  into  and  through  the  veins. 

Lastly,  the  propulsive  power  being  unaltered,  increased  resistance  may  be 
interposed  in  the  arterial  system  and  so  give  rise  to  congestion.    Thus  in 
atheroma  the  ^TSsel8  of  the  leg  may  be  so  much  naiTowed  that,  although 
admitting  sufficient  blood  to  fill  the  vessels  beyond,  the  force  is  so  much 
diminished  that  it  is  almost  completely  expended  before  the  blood  reaches 
the  veins,  and  thus  partial  stagnation  occurs.    The  most  extreme  congestion 
is,  however,  met  with  when  a  small  terminal  artery,  «>.,  one  not  anastomosing 
with  other  arteries,  becomes  suddenly  obliterated  as  by  embolism.    The  blood- 
pressure  is  reduced  to  nothing  in  the  area  supplied  by  the  plugged  artery,  while 
in  the  sun-ounding  tissues  are  communicating  capillaries,  in  which  the  normal 
pressure  exists  ;  consequently  the  vessels  of  the  affected  part  become  filled  with 
regurgitant  blood,  while  at  the  same  time  there  is  no  force  to  empty  them,  A 
similar  condition  of  intense  passive  congestion  is  very  frequently  met  with  by 
the  Surgeon  in  undennined  portions  of  skin  which  have  been  deprived  of  their 
direct  arterial  supply  by  destruction  of  the  subcutaneous  tissue,  as  in  phlegmo- 
nous erysipelas  or  superficial  strumous  abscesses.    The  blue  undermined  skin 
thus  produced,  may  hover  between  life  and  death  for  months,  delaying 
healing  indefinitely,  and  at  last  requiring  destruction  before  a  cure  can  be 
obtained. 

Effects.— These  arc  of  mucli  surgical  importance.  The  first  change  that 
usually  takes  place  is  transudation  of  the  more  watery  constituents  of  the 
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blood  into  the  surround iug  tissue.  Hence  the  spaces  of  areolar  tissue  are 
distended  by  the  effused  fluid,  giving  rise  to  the  couditiou  known  as 
(cdema. 

If  the  turgidity  of  the  vessels  be  great  and  their  walls  at  the  same  time 
unhealthy,  rupture  will  occur,  and  ha3morrhage  from  the  surface  or  into  the 
substance  of  the  part  will  ensue.  Observations  made  on  the  frog's  foot  after 
ligature  of  the  main  vein  show,  however,  that  in  moderately  intense  conges- 
tion, the  red  corpuscles  pass  through  the  walls  of  the  capillaries  into  the  sur- 
rounding tissues,  without  any  apparent  rupture,  by  a  process  of  diapedcsis. 
This  may  occur  Avith  the  passage  of  very  few  white  corpuscles  provided  tlic 
vessels  are  healthy.  The  red  corpuscles  that  thus  escape  from  the  vessels 
break  up  and  are  absorbed,  but  some  of  the  altered  blood-pigment  remains 
behind  and  causes  the  grey  pigmentation  of  mucous  membrane  or  the  brown 
colouring  of  the  skin,  which  is  so  characteristic  of  repeated  or  long  continued 
congestion. 

Induration  from  the  growth  of  fibroid  tissue,  chiefly  around  the  distended 
vessels,  is  an  almost  constant  consequence  of  repeated  or  long  continued 
passive  congestion.  But  although  the  aflected  part  may  be  increased  in  bulk, 
the  normal  tissue  is  atrophied  from  the  pressure  of  the  new  growth.  Perhaps 
the  best  illustration  of  this  process  is  afforded  by  the  nutmeg-liver  that  is 
frequently  found  associated  with  obstructive  disease  of  the  heart.  It  may  be 
said  briefly  that  the  two  most  marked  post-mortem  signs  of  prolonged  or 
repeated  congestion  are  pigmentation  and  induration. 

The  most  important  effect,  however,  of  passive  hypertemia  is,  perhaps,  the 
lowering  of  the  vitality  of  the  affected  part,  rendering  it  prone  to  inflame  or 
ulcerate  from  slight  causes.  In  congestion,  although  the  part  contains  a  great 
excess  of  blood  at  any  given  time,  it  is  not  changed  with  sufficient  frecpieney, 
and  consequently  the  amount  of  blood  that  circulates  is  really  less  than  natural. 

Symptoms. — Passive  congestion  of  an  external  part  may  be  readily  recog- 
nised by  the  changes  it  induces  in  the  colour,  the  size,  the  feel,  the  temperature, 
and  the  functions  of  the  part.  The  colour  ranges  from  dark  red  to  bluish 
purple,  but  if  it  has  been  exposed  fi-equently  to  previous  attacks  of  conu-es- 
tion,  it  may  be  darkly  pigmented  and  brown  in  colour ;  it  is  increased  in  size  ; 
if  the  congestion  is  recent  and  acute  it  is  soft  from  oedema,  and  pits  under ' 
the  pressure  of  the  finger ;  if  it  is  old  and  chronic  the  tissues  are  indurated 
and  brawny.  The  patient  is  conscious  of  a  heavy,  dull,  aching  sensation  in 
it,  scarcely  amounting  to  pain,  but  yet  attended  with  uneasiness.  The  tcm- 
peratm-e  is  never  above,  but  often  below,  the  natural  standard,  and  the 
functions  are  lessened  in  activity. 

The  existence  of  congestion  in  an  internal  organ  may  be  ascertained  bv 
finding  its  size  increased  and  its  functions  modified,  Avith  a  sensation  of  weii^lit 
in  it.    The  smptoms  are  often,  however,  very  obscure. 

Treatment. — Xo  treatment  of  passive  congestion  can  be  successful  unless 
the  cause  can  be  removed.  The  first  indication  consists  in  the  removal  of  anv 
source  of  obstruction  to  the  return  of  blood  from  the  part,  as  by  looseniusr  :> 
tigiit  bandage,  or  elevating  a  part  that  has  been  too  long  dependent.  If  the 
congestion  be  due  to  the  feeble  action  of  the  heart,  stimulants  and  dif^italis 
may  be  of  service  in  relieving  it.  ^ 

The  next  indication  consists  in  lessening  the  quantity  of  blood  in  the 
congested  part.    The  mere  removal  of  the  obstructing  cause  may  eficct  this : 
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but  the  desired  effect  is  often  hastened  by  the  direct  renK)\al  of  blood  by 
scarification,  or  by  the  application  of  leeches.  The  over-disteiided  vessels  may 
in  some  cases  be  relieved  by  promoting  a  fi'ee  secretion  from  the  part,  us  by 
the  administration  of  purgatives  for  portal  congestion.  In  some  ])arts,  again, 
the  judicious  application  of  pressure  by  means  of  a  bandage  will  prevent 
or  relieve  congestion  by  limiting  oedema  and  by  compressing  the  dilated 
vessels,  and  so  causing  the  blood  to  flow  more  rapidly  through  them,  provided 
the  pressure  be  not  sufficiently  powerful  to  interfere  with  the  current  through 
the  arteries.  With  this  view  elastic  pressure  is  applied  to  support  varicose 
veins  in  the  leg,  and  to  diminish  the  mechanical  hypertemia  of  the  skin  that 
usually  accompanies  them. 

The  third  indication  in  the  treatment  of  congestion  consists  in  constringing 
the  dilated  vessels  by  the  direct  application  of  an  astringent  to  them  ;  thus 
we  apply  nitrate  of  silver  to  congested  mucous  membranes,  and  cold  douches 
to  many  external  forms  of  passive  hypertemia. 

STR  AN  GULATION. 

Strangulation  is  the  obstruction  of  the  circulation  caused  by  a  narrow 
circle  of  pressure  acting  both  upon  the  arteries  and  veins,  as  when  a  tight 
bandage  is  applied  round  a  limb.  Strangulation  may  be  at  once  complete, 
the  circulation  through  both  arteries  and  veins  being  simultaneously  arrested, 
as  in  the  application  of  the  tournicpiet.  The  circulation  below  the  baud  is  at 
once  arrested,  but  no  visible  changes  occur  in  the  part,  nor  w^ould  they  do  so 
till  gangrene  and  decomposition  commenced.  In  cases  in  w'hich  strangulation 
is  accidental  or  pathological  it  is  more  commonly  incomplete  at  first  ;  the 
obstruction  acts  first  on  the  veins,  owing  to  the  lower  blood-pressure  Avithin 
them,  the  flov/  through  the  arteries  continuing.  As  a  consequence  of  this  the 
phenomena  of  passive  congestion  appear  in  tlieir  most  intense  forin ;  the  parts 
below  the  constriction  become  gorged  with  blood,  purple  or  black  in  colour, 
cold  and  numb.  There  is  great  swelling,  and  often  abundant  escape  of  red 
corpuscles  from  the  vessels,  or  rupture  of  the  capillaries  with  extravasation  of 
blood.  As  the  part  swells  the  constriction  becomes  tighter,  the  obstruction 
to  the  arterial  flow  increases,  and  finally  circulation  is  completely  arrested 
and  gangrene  sets  in. 

INFLAMMATION. 

The  study  of  the  inflammatory  process  is  one  of  the  most  difficult  on  which 
the  Siu'geon  can  enter  ;  but  the  labour  required  to  master  its  details  is  well 
bestowed,  inasmuch  as  an  acquaintance  Avith  its  nature,  symptoms,  and  progress, 
gives  an  insight  into  the  greater  part  of  the  Science  of  Surgery.  The  management 
of  inflammation  as  it  affects  different  tissues  and  organs,  and  as  it  in  return  is 
affected  by  various  concomitant  circumstances,  comjwises  a  great  part  of  the 
duties  of  a  Surgeon.  The  Theory  of  Inflammation  is  a  purely  ]iliysiological 
and  pathological  study  ;  and,  however  interesting  its  investigation  may  be, 
yet,  as  the  discussion  of  this  subject  belongs  rather  to  the  domain  of  Grcneral 
Pathology  than  to  that  of  Practical  Surgery,  it  cannot  consistently  be  entered 
upon  here  otherwise  than  in  outline.  To  gain  a  full  acquaintance  with 
the  present  state  of  our  knowdedgc  regarding  the  intimate  nature,  origin,  and 
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progi-ess  of  the  iuflammatory  process,  the  student  must  consult  works  on 
general  pathologT,  and  the  writings  of  those  observers  in  this  country  and 
abroad  avIio  have  made  inflammation  the  subject  of  special  investi- 
gation.* 

Up  to  a  comparatively  recent  period  Inflammation  was  regarded  by  all 
pathologists  as  a  process  consisting  essentially  of  "  a  perversion  of  the  natural 
acts  of  nutrition  of  the  part,"  and  most  regarded  it  as  a  condition  of  increased 
activity  of  tlie  processes  of  nutrition,  if  not  throughout  its  course,  at  any  rate^ 
at  its  commencement.  In  1858,  Lister  as  the  result  of  his  observations, 
arrived  at  the  conclusion  that,  from  the  very  earliest  stage,  inflammation  is 
not  an  increase  but  a  decrease  of  the  vital  activity  of  tlie  affected  tissues. 
This  theory  l)eing,  however,  difficult  to  reconcile  with  the  "  Cellular  Pathology" 
of  VirchoAV,  in  so  far  as  that  system  referred  to  inflammation,  met  with  but  little 
favour  till  after  the  re-discovery  by  Cohnheim  in  18G7  of  the  migration  of  the 
white  corpuscles  of  the  blood  from  the  vessels  during  inflammation,  a  process 
by  which  the  appearance  of  new  cells  in  an  acutely  inflamed  area  was  fully 
accounted  for,  witliout  the  necessity  of  supposing  any  increased  activity,  either 
nutritive  or  formative,  in  the  original  tissues  of  the  part  during  the  early 
stages  of  the  process.  From  this  time  forwards  all  observations  have  tended 
in  the  same  direction,  until  at  the  jDresent  day,  the  definition  of  inflammation 
given  by  Burdon-Sanderson  in  1870,  would  be  almost  universally  accepted, 
"  Inflammation  is  the  succession  of  changes  which  occurs  in  a  living  tissue 
when  it  is  injured,  provided  that  the  injury  is  not  of  such  a  degree  as  at  once 
to  destroy  its  structure  and  vitality." 

Our  knowledge  of  inflammation  is  derived  chiefly  from  observations  of  the 
process  artificially  induced  in  some  transparent  tissue  in  a  living  animal.  The 
web  of  the  foot  and  the  mesentery  of  the  frog,  and  the  tongue  of  the  toad, 
have  been  chiefly  made  use  of.  In  order  to  prove  the  fact  that  the  processes 
observed  in  the  frog  are  identical  with  those  that  occur,  under  similar  circum- 
stances, in  mammals,  the  wing  of  the  bat  was  used  by  Paget,  and  more  lately 
the  mesentery  of  the  rabbit  has  also  been  successfully  experimented  upon. 
Lastly,  Huetcr,  by  observations  made  on  the  mucous  membrane  of  the  lip, 
showed  that  the  processes  observed  in  man  are  identical  Avith  those  that  occur 
in  the  lower  animals.  Microscopic  examination  of  prepared  specimens  of 
inflamed  human  tissues  also  shows  appearances  Avhich  are  readily  explained  by 
what  is  seen  to  arise  during  actual  observation  of  the  process  of  inflammation 
in  the  frog. 

If  the  web  of  a  frog's  foot  be  spread  out  and  examined  with  the  microscope, 
the  blood  is  seen  to  flow  in  a  continuous  stream  through  the  small  arteries 
capillaries  and  veins.    In  any  vessel  Avhicli  is  of  sufficient  size  to  allow  several 
corpuscles  to  pass  at  tlie  same  time,  the  red  corpuscles  flow  in  the  centre  of  the 
stream,  forming  a  yellow  line,  while  on  each  side  of  this  is  a  colourless  zone,  free 
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from  red  corpuscles,  known  as  the  inert  layer.  In  the  inert  layer  is  seen  an  occa- 
sional white  corpuscle,  passing  somewhat  lazily  along,  with  some  tendency  to 
adliere  to  the  wall  of  the  vessel.  If  from  any  cause  the  stream  be  slow  enough 
to  allow  of  the  individual  red  corpuscles  being  observed,  it  will  be  seen  that  they 
show  no  tendency  to  adhere  to  each  other  or  to  the  wall  of  the  vessel ; 
although,  as  every  one  knows,  when  removed  from  the  influence  of  the  living 
vessels  they  show  a  remarkable  degree  of  adhesiveness,  sticking  not  only  to 
each  other  but  to  every  solid  body  with  which  they  come  in  contact.  The 
arteries  show  constant  slight  variations  in  calibre,  which  arc  not  rhythmical, 
and  are  dependent  on  causes  the  exact  nature  of  which  is  uncertain.  The 
flow  through  the  capillaries  varies  in  rapidity  with  the  state  of  the  artery, 
being  more  rapid  when  the  vessel  is  dilated  and  slower  when  it  is  contracted. 
In  observing  the  foot  of  the  frog,  there  will  also  be  seen  a  beautiful  system  of 
branched  cells  containing  pigment-granules,  by  means  of  which  the  animal  is 
able  to  change  the  tint  of  his  skin.  AVhen  the  jjigment  is  collected  into  a 
closely  packed  mass  round  the  nucleus  of  the  cell,  the  frog  is  pale  ;  when  it  is 
diffused  evenly  throughout  the  whole  cell,  the  animal  becomes  of  a  darker  tint. 
These  variations  of  tint  occur  under  the  influence  of  light,  the  frog  becoming 
pale  when  exposed  to  bright  light  and  dark  under  the  opposite  condition. 
Thus,  then,  in  the  healthy  web,  there  are  three  phenomena  of  easy  observation, 
which  indicate  the  vital  activity  of  the  tissues,  the  want  of  adhesiveness  of  the 
corpuscles,  the  variations  in  the  calibre  of  the  artery  and  the  movement  of  the 
pigment  cells.  There  is  yet  another  sign  of  health  which  is  not  to  be  observed 
with  equal  ease,  and  that  is  that  the  capillaries  allow  no  more  serum  to  exude 
through  their  walls  than  is  necessary  for  the  healthy  imtrition  of  the  sur- 
rounding tissues,  and  the  amount  is  such  that  any  excess  can  be  readily 
drained  away  by  the  lymphatics. 

Supposing  now  that  some  irritating  substance  be  applied  to  the  web,  the 
normal  phenomena  just  described  will  be  disturbed  proportionately  to  the 
potency  of  the  irritant  employed,  or,  in  other  words,  to  the  degree  of  injury 
done  to  the  tissues.  The  inmiediate  effect  of  such  an  injury  is,  in  most  cases, 
a  dilatation  of  the  arteries,  Avith  an  iiicrcased  Jtoiv  of  VJood  to  the  area  injured. 
This  is  spoken  of  as  determination  of  blood  to  the  part,— active 
hyperaemia, — active  congestion — -or  fluxion.  Some  irritants,  such  as 
ammonia  or  mechanical  violence,  cause  contraction  of  very  short  duration, 
which  precedes  the  dilatation,  but  this  is  always  of  brief  continuance  and  of 
but  little  importance.  The  widening  of  the  artery  allows  a  greater  quantity 
of  blood  to  flow  into  the  capillaries  which  consequently  become  dilated  in  their 
turn,  at  the  same  time  the  flow  of  blood  tlu'ough  them  is  accelerated  ;  lastly 
the  dilatation  extends  to  the  vein.  It  would  seem  at  first  sight,  that  dilatation 
of  the  channels  through  which  the  blood  is  flowing,  would  lead  to  a  slackening 
of  the  current  rather  than  to  an  increased  rapidity  of  flow  ;  and  so  it  would,  if 
the  dilatation  occurred  equally  in  arteries,  capillaries  and  veins, — but  this  is 
not  the  case.  The  small  arteries  are  capable  of  very  great  variations  in  size, 
sometimes  contracting  almost  to  obliteration  and  at  others  expanding  to  many 
times  their  ordinary  calibre.  The  capillaries,  on  the  other  hand,  arc  capable 
of  proportionally  much  less  dilatation,  and  such  widening  as  does  take  place  is 
purely  passive  and  a  consequence  of  the  increased  pressure  caused  by  the 
relaxation  of  the  arteries.  The  artery  in  a  dilated  state  will  admit  to  the 
capillaries  it  supplies  many  times  the  quantity  of  blood  it  allows  to  pass  when 
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contracted,  but  the  combined  sectional  area  of  the  ca])illaries  is  increased  only 
by  a  fractional  part.  It  is  evident,  therefore,  tliat  the  rapidity  of  the  flow 
must  be  increased 

The  cause  of  the  arterial  dilatation  is  twofold.  It  has  been  shown  l)y 
experiment  that  irritation  of  a  sensory  nerve  causes  dilatation  of  the  arteries  in 
the  whole  area  su])plied  by  that  nerve.  This  is  a  purely  reflex  phenomenon. 
Part  therefore  of  tlic  dilatation  is  due  to  this  cause,  and  is  not  accurately 
limited  to  the  area  injured.  In  the  injm-ed  area  itself,  however,  the  dilatation 
is  due  to  the  direct  effect  produced  upon  the  vessels  of  the  part  by  the  injury 
that  has  caused  the  disturbance  ;  here  the  muscular  tissue  of  the  small  arteries 
is  paralysed.  That  this  is  so  is  further  shown  by  the  f\ict  that  the  degree  of 
the  dilatation  is  fixed  and  uniform,  all  those  variations  before  mentioned  as 
occurring  in  health  being  absent. 

If  the  irritant  applied  to  the  web  of  the  frog's  foot  be  more  powerful,  Ifc 
will  be  difficult  to  observe  either  the  stage  of  contraction,  supposing  it  ta 
occur,  or  the  stage  of  dilatation  with  increased  rapidity  of  flow,  for  before 
the  microscope  can  be  brought  to  bear  on  the  web,  the  circulation  will  have 
undergone  a  third  change.    The  vessel  will  be  dilated  as  widely  as  possible, 
but  the  flow  of  J)lood,  instead  of  heing  increased  in  rapiditij,  wiU  he  retarded  or 
even  arrested.    In  order  to  observe  the  development  of  this  state  of  the  cir- 
culation with  greater  accuracy  the  mesentery  of  the  frog  must  be  made  use 
of,  and  no  further  irritation  than  exposure  to  the  air  be  applied.    In  a 
mesentery,  properly  prepared  and  protected  from  needless  sources  of  irritation, 
the  retardation  of  the  blood-stream  may  be  delayed  for  many  hours.  Coinci- 
dent with  the  first  signs  of  retardation  of  the  blood-stream,  a  change  is 
observed  in  the  relation  of  the  corpuscles  to  each  other  and  to  the  walls  of  the 
vessels.    They  no  longer  flow  freely  and  separately  onwards,  but  show  au 
adhesiveness  not  observed  before,  in  consequence  of  which  they  tend  to  stick 
to  each  other  and  to  the  wall  of  the  vessel  through  which  they  are  passing. 
We  have  before  seen  that  even  in  health  the  Avhite  corpuscles  show  some 
degree  of  adhesiveness  and  are  to  be  seen  rolling  along  the  wall  of  the  vessel 
in  the  inert  layer.    It  is  not  surprising,  therefore,  that  the  first  signs  of  in- 
creased adhesiveness  are  noticed  in  the  white  corpuscles,  which  fall  out  of  the 
axial  stream  more  and  more  and  adhere  to  the  walls  of  the  vessels  while  the 
red  continue  to  pass  onwards.    Thus,  after  a  short  time,  a  great  increase  of 
white  corpuscles  is  observed  in  the  vessels  of  the  inflamed  area ;  and  in  the 
small  veins,  in  which  the  force  of  the  circulation  is  least,  they  soon  fomi 
a  uniform  layer,  almost  like  an  epithelium,  adhering  to  the  inner  coat  of  the 
vessel.  They  are,  as  it  were,  filtered  out  of  the  passing  blood,  the  red  passing  on 
whilst  they  remain  behind.  After  a  short  time,  as  the  vitality  of  the  mesenteiy 
fails,  the  red  corpuscles  also  l)egin  to  become  arrested  in  their  passage  through 
the  vessels,  first  in  veins  and  capiUaries  and  finally  in  the  arteries.    In  the 
small  arteries  the  first  sign  of  retardation  is  that  a  few  corpuscles  stick  to  the 
inner  coat  during  diastole  of  the  heart,  and  are  driven  on  at  the  next  systole ; 
and  thus  the  stream,  which  in  health  is  uniform  in  the  more  minute  arteries, 
becomes  pulsating.    As  the  vitality  of  the  part  sinks  still  lower  the  accumula- 
tion of  corpuscles  increases  till  the  vessels  become  choked  ;  the  red  corpuscles 
forming,  in  the  frog,  a  yellowish  mass  in  which  the  individual  cells  cannot  be 
recognised.    All  circulation  is  thus  arrested  :  a  condition  known  as  "  stasis." 
Immediately  before  stasis  becomes  complete  a  slight  movement  forward  may 
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be  noticed  Avith  each  systole  of  the  heart,  followed  by  a  return  of  the  corpuscles 
to  their  former  situation  during  diastole,  an  appearance  to  which  the  name  of 
"oscillation"  is  given.  The  time  occupied  in  the  development  of  complete 
stasis  is  entirely  dependent  on  the  nature  of  the  injury  which  causes  it.  It 
may  be  induced  instantaneously  by  the  application  of  any  strong  irritant  to 
the  web  of  a  frog's  foot ;  while,  in  a  carefully  tended  mesentery,  its  advent  may 
be  delayed  for  a  whole  day  or  even  longer.  It  is  evident  that  the  condition  of 
stasis  involves  a  complete  arrest  of  nutrition  in  the  surrounding  tissues,  which 
must,  unless  relieved,  inevitably  end  in  their  death  before  long.  Should  this 
occur,  the  liquor  sanguinis  Avhich  still  remains  in  small  quantity  amongst  the 
closely  packed  coi-])uscles  coagulates,  and  stasis  becomes  converted  into 
thrombosis  ;  that  is  to  say,  plugging  of  vessels  with  coagulated  blood.  On 
the  other  hand,  should  the  tissues  not  be  injured  beyond  recovery,  the  condition 
of  stasis  gradually  passes  oft' ;  at  first  some  oscillatory  movement  is  noticed  ; 
then  a  few  of  the  corpuscles  at  the  margins  begin  to  break  away  into  the 
blood-stream,  and  finally  they  all  seem  to  lose  all  tendency  to  stick  to  each 
other  or  to  the  vessel,  and  move  ofl",  and  the  circulation  gradually  resmnes  its 
normal  character. 

The  retarded  flow  and  stasis  are  degrees  of  the  same  condition,  and  it 
remains  now  to  consider  the  causes  which  bring  it  about.    In  the  healthy 
state  of  the  circulation,  as  before  stated,  the  corpuscles  show  no  tendency  to 
adhere  to  each  other  or  to  „the  walls  of  the  vessels  through  which  they  are 
flowing  ;  on  the  other  hand,  both  red  and  white  corpuscles  show  a  very  con- 
siderable degTee  of  adhesiveness  w'hen  removed  from  the  body.    In  sticking 
to  each  other  and  to  the  walls  of  the  vessels,  they  are  therefore  behaving 
in  the  living  body  as  if  they  were  in  contact  Avith  dead  matter  ;  and  the 
conclusion  derived  fi'om  this  is,  that  in  the  healthy  living  tissues  there  are 
forces  at  work,  of  the  nature  of  w'hich  we  are  ignorant,  which  counteract  the 
-  natural  adliesiveness  of  the  corpuscles ;  but  that  when  the  vitality  of  a  part  is 
lowered  by  damage  of  any  kind,  this  power  is  diminished  or  lost,  according  to 
the  degree  of  damage  the  tissues  have  suffered,  and  consequently  the  natural 
adliesiveness  of  the  corpuscles  comes  into  play,  causing  increased  resistance  to 
the  flow  through  the  vessels  and  a  corresponding  degree  of  retardation  of  the 
blood-stream.    The  accumulation  of  the  white  corpuscles  is  explained  by  the 
fact  that  they  possess  a  greater  degree  of  adhesiveness  than  the  red  ;  their  form 
also  favours  their  adhesion  to  the  sides  of  the  vessels.    That  the  change  is  not 
in  the  corpuscles  themselves,  nor  in  the  liquor  sanguinis,  is  shown  by  the  fact 
that,  if  an  irritant  be  applied  to  a  very  small  area,  so  that  a  corpuscle  can  be 
watched  through  it,  it  will  be  seen  that  the  adhesiveness  shows  itself  only 
while  the  corpuscle  is  in  the  affected  area ;  the  moment  it  passes  beyond  it,  it 
moves  freely  on  as  before.    That  the  retardation  of  the  flow  is  not  the  cause  of 
the  adhesion  of  the  corpuscles  is  shown  by  the  fact  that,  if  ahgature  be  placed 
tightly  round  the  limb  of  the  frog  so  as  to  arrest  circulation  entirely,  no 
adhesion  of  tlie  corpuscles  to  each  other  or  to  the  vessels  is  observed  till  the 
tissues  begin  to  lose  their  vitality— a  condition  which,  in  the  frog,  will  not 
come  on  for  tAventy-fom-  hours.    Cohnheim  attributes  all  the  phenomena  of 
inflammation  in  the  first  place  to  molecular  changes,  accompanied  by  loss  of 
vitality,  in  the  walls  of  the  vessels ;  and  probably  in  many  cases  of  inflammation 
in  which  the  source  of  irritation  is  carried  to  the  part  by  the  vessels  their 
walls  suffer  first.    Xo  doubt  also,  if  the  capillaries  could  escape  in  the  case  of 
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a  local  injury,  sucli  as  the  application  of  mustard  to  the  web  of  a  frog's  foot, 
the  Tascular  i)hcnomena  of  inflammation  could  not  occur.  But  it  is  impossible, 
even  in  imagination,  to  separate  the  tissues  from  the  capillaries  in  vascular 
parts ;  and  whether  the  source  of  damage  comes  from  without,  or  from  within, 
the  vessels,  if  it  is  of  sufficient  power  to  cause  inflammation,  the  surrounding 
tissues  practically  must  suffer  with  the  vessels.  In  the  experiments  on  the 
frog's  foot,  Lister  showed  that  the  movements  of  the  pigment  in  the  branched 
cells  ceased  whenever  the  flow  in  the  vessels  was  retarded,  proving  that  they 
suffered  equally  with  the  vessels  from  the  effects  of  the  irritant. 

Having  thus  traced  the  changes  that  can  be  readily  observed  in  the  circula- 
tion of  an  inflamed  part,  we  must  now  turn  our  attention  to  the  processes 
observed  in  the  surrounding  tissues  and  in  the  walls  of  the  vessels 
themselves.    For  this  purpose  the  web  of  the  frog's  foot  is  not  well  suited, 
the  mesentery  of  the  ft'og  or  tongue  of  the  toad  being  more  convenient  for 
observation.    Supposing  the  mesentery  to  have  been  exposed  and  prepared  for 
examination,  the  first  effect  observed  will  be  the  dilatation  of  the  vessels  ;  but 
if  proper  precautions  be  taken,  the  vitality  of  the  part  will  not  for  two  or  more 
hours  be  sufficiently  lowered  by  simple  exposure  to  the  air  to  cause  retardation 
of  the  flow.    By  the  application  of  an  irritant,  it  might  be  induced  instan- 
taneously, but  this  would  needlessly  confuse  the  experiment.    As  soon  as  re- 
tardation sets  in,  the  accumulation  of  corpuscles  takes  place  as  before  described. 
If  a  small  vein  in  which  the  white  corpuscles  ha-s-c  arranged  themselves  along 
its  walls  be  now  watched,  the  following  phenomena  will  be  observed.  An 
individual  corpuscle  being  chosen  and  carefully  watched,  a  small  button-like 
projection  will  be  seen  to  rise  from  the  outer  wall  of  the  vessel,  opposite  the 
point  to  which  it  is  adhering  ;  this  gradually  increases  in  size  till  it  becomes 
a  hemispherical  prominence  corresponding  in  width  to  the  remainder  of  the 
corpuscle  within  the  lumen  of  the  vein.  .  As  the  external  part  increases,  that 
inside  the  vessel  is  seen  to  diminish  till  the  greater  part  comes  to  lie  outside. 
It  then  assumes  the  form  of  a  pear-shaped  body  attached  to  the  vein  by  a 
stalk,  which  fiuafly  gives  way,  and  the  corpuscle  is  free  outside  the  vessel. 
When  the  process  of  migration  is  completed,  the  contour  of  the  vessel  remains 
unchanged,  no  visible  rupture  of  its  coats  being  observable.    The  migTated 
corpuscle  is  irregular  in  shape,  can  be  seen  to  shoot  out  delicate  processes  in 
various  directions,  which  are  drawn  in  again,  and  thus  it  moves  farther  and 
farther  away  from  the  vessel  in  which  it  formerly  lay.    From  the  close  resem- 
blance of  these  changes  of  form  to  those  observed  in  the  amocl)a,  they  have 
received  the  name  of  "amoeboid  movements."    The  whole  process  is  known 
as  migration  of  the  white  corpuscles.    Fig.  82,  which  was  drawn  fi'oni 
life  by  V.  Horsley,  beautifully  illustrates  the  process  of  migration.    It  shows 
the  appearances  in  the  mesentery  of  a  frog  which  had  been  exposed  for  seven 
hours.    The  circulation  was  vigorous  in  the  direction  indicated  by  the  arrow. 
At  the  commencement  of  observation  there  was  scarcely  a  leucocyte  outside 
the  vessel-wall.    One  hour  and  a  half  after  there  were  about  three  times  the 
number  represented  in  the  drawing,  the  excess  having  been  omitted  for  the  sake 
of  clearness.  The  corpuscles,  1,  2,  3,  and  4  (Fig.  82)  in  and  on  the  wall  of  the 
vessel,  are  consecutive  forms  assumed  by  one  corpuscle  Avhich  was  watched 
through  the  wall  of  the  small  vein.    The  outlines  of  the  red  corpuscles  are 
indicated  for  the  sake  of  clearness,  but  the  current  was  too  rapid  durin«-  life 
to  admit  of  their  being  seen  as  drawn.    As  long  ago  as  1841,  Dr.  C.  J  B. 
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Williams  pointed  out  the  fact  that  the  white  corpuscles  are  present  in 
auymeuted  numbers  in  the  vessels  of  an  inflamed  part ;  but  it  ^yas  Dr. 
Addison,  Avho,  in  the  same  year,  first  described  the  passage  of  the  white  cor- 
puscles out  of  the  vessels.  This  observation  was  confirmed  by  Dr.  Augustus 
A^^aller  in  1846  ;  but  its  importance  was  but  imperfectly  appreciated  even  by 
those  who  had  observed  it,  and  it  was  in  fact  generally  doubted,  till  Cohnheim 
in  1867,  published  an  accurate  account  of  tlic  process,  and  pointed  out  its 
importance  in  the  pathology  of  inflammation. 

As  a  result  of  this  process  of  migration  of  the  corpuscles,  the  tissues  of  an 


Fig.  S2.— Jligration  of  the  White  Corpuscles,  from  a  small  vein.  v\  WaU  of  vessel.  7.  Lcticocyte-layer 
on  inner  side  of  tlie  vessel  wall.  1,  2,  3,  and  4,  Leueocytes  in|  different  stiiyes  of  migration,  s.  lied 
blood  corpuscles  (axial  stream). 

inflamed  part  soon  become  crowded  with  wandering  leucocytes,  which  may 
accumulate  in  such  numbers  as  to  conceal  the  normal  structures  more  or  less 
completely.  As  the  inflammatory  process  becomes  more  intense,  red  cor- 
puscles also  leave  the  vessels,  finding  their  way  out  chiefly  from  the  capillaries, 
in  the  same  way  as  has  been  already  described  as  occurring  in  mechanical 
hypertemia.  The  number  that  escapes  will  depend  very  much  on  the 
degree  of  obstruction  caused  by  the  choking  of  the  capillaries  with  adherent 
corpuscles.  The  migrating  cells  were  at  one  time  supposed  to  find  their  way 
out  by  natural  openings  or  "  stomata,"  wliich  were  believed  to  exist  in  the 
walls  of  the  capillaries  between  the  single  layer  of  endothelial  cells,  of  which 
these  vessels  are  composed.  Although  no  definite  openings  are  now  supposed 
to  exist,  yet  it  is  probable  that  the  migrating  corpuscles  do  pass  out  between 
the  cells,  the  natural  adhesion  of  which  to  each  other  is  lessened  by  changes 
in  the  vascular  walls,  which  form  an  essential  part  of  the  inflammatory  pro- 
cess. The  force  that  causes  the  escape  of  the  corpuscle,  difiers  with  the  red 
and  white.    The  red  are  forced  out  by  the  iutra-vascular  pressure  only,  being 
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thcmselvos  entirely  passive.  The  white  probably  make  their  own  way 
out,  partly  by  their  amoeboid  movemeuts,  aided  by  the  jiressure  within 
the  ^■essel.  The  part  played  by  the  iutra-vascular  pressure  iu  the  migration 
of  the  white  corpuscles  is  doubtless  Aery  considerable,  for  the  process  has 
been  shown  to  be  arrested  by  a  ligature  of  the  main  artery  leading  to  the 
part.  This  docs  not  however  prove  that  the  amoeboid  movements  take  no 
part  in  the  process. 

With  the  migration  of  the  corpuscles  occurs  another  process  of  equal 
importance — the  escape  of  an  abundant  liquid  exudation.    It  has  before  been 
stated  (see  Congestion)  that  an  increase  of  the  intra-vascular  pressure,  such 
as  is  produced  by  any  obstruction  to  the  return  of  blood  through  the  veins, 
causes  an  abundant  liquid  exudation  from  the  distended  vessels.    AVhile  the 
vessels  themselves  are  healthy  they  continue  to  act  as  filters  to  the  fluid 
passing  through,  and  the  effused  liquid  contains  little  albumen,  a  large 
propoi'tion  of  salts,  and  is  not  sjjontancously  coagulal)le.    In  inflammation, 
the  power  of  filtration  is  diminished,  till  in  the  higher  degrees  the  damaged 
vessels  allow  the  plasma  to  pass  through  almost  if  not  absolutely  unchanged. 
Inflammatory  exudation  is  therefore  much  richer  in  albumen  than  the  simple 
transudation  from  pressure,  and  is  spontaneously  coagulable.    Its  ready 
coagulability  is  due  not  only  to  its  containing  a  larger  proportion  of  fibri- 
nogen, but  to  the  presence  in  it  of  the  white  corpuscles  which  contain  the 
other  elements  necessary  for  coagidation — the  "  fibrin-ferment "  and  the 
fibrinoplastin.    As  this  exudation  takes  place  into  tissues,  the  vitality  of 
which  is  lowered  by  the  damage  done  to  them  by  the  cause  of  the  inflam- 
mation, to  such  a  degree  that  they  are  behaving  for  the  time  being  as  dead 
matter,  all  the  essentials  for  coagulation  are  present,  and  the  inflammatory 
efi'usion  tends  to  coagulate  in  the  affected  area.    In  the  j^rocess  of  coagulation 
a  certain  number  of  the  migrated  white  corpuscles  break  up,  yielding  their 
ferment  and  fibrinoplastin  to  form  the  coagulum;  but  the  vast  majority 
remain  unchanged  entangled  in  the  meshes  of  the  fibrin.    The  coagulated 
exudation  contracts,  just  as  the  ordinary  blood-clot  does  out  of  the  body,  and 
the  serum  finds  its  way  by  the  lymphatics  back  into  the  circulation.  The 
remaining  clot,  entangling  in  its  meshes  the  innumerable  wandering  leucocytes, 
forms  the  so-called  inflammatory  lymph,  which  distends  the  spaces  of  the 
tissue  in  which  the  exudation  has  taken  place.    The  formation  of  this  inflam- 
matory lymph  is  limited  to  the  area  of  inflammation,  for  any  of  the  effused 
liquor  sanguinis  which  soaks  beyond  the  area  into  the  surrounding  healthy 
tissues,  will  no  longer  tend  to  coagulate,  but  will  drain  off  by  the  lymphatics 
and  return  to  the  circulation.    The  same  will  happen  with  any  migrating-  cor- 
puscles which  wander  beyond  the  area  of  inflammation.    If  the  exudation  is 
very  abundant,  the  lymph-spaces  for  some  distance  round  the  centre  of  inflam- 
mation will  be  distended  with  fluid,  and  thus  is  produced  the  oedema  which 
accompanies  all  acute  inflammatory  processes.    The  amount  of  exudation  from 
an  inflamed  part  is  very  considerable.    Ex-periments  on  animals  have  shown 
that  the  amount  of  lymph  returning  through  the  main  l^'mphatic  trunk  of  the 
thigh  ailer  inflammation  has  been  excited  in  the  paw,  is  many  times  o-reater 
than  the  normal  amount,  about  one  ounce  escaping  for  every  di'achni  that 
could  be  collected  before  the  inflammation  had  been  set  up. 

The  Tissues.— The  effect  of  inflammation  on  the  tissues  of  the  aff'ectcd 
part  has  been  the  subject  of  much  discussion,  and  cannot  even  yet  be  said  to 
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be  finally  settled.  It  was  shown  by  Lister,  in  1808,  that  in  the  area 
exposed  to  the  action  of  an  irritant  every  indication  of  life  is  in  abeyance 
during  the  most  acute  stage  of  the  resulting  inflammation.  The  muscular 
coats  of  the  arteries  cease  to  show-  the  irregular  contractions  seen  in  health, 
the  pigment-cells  in  a  frog's  foot  no  longer  exhibit  their  peculiar  changes,  and 
the  blood  flowing  through  the  part  behaves  as  if  in  contact  with  dead  matter. 
He  thus  sums  up  the  conclusions  to  which  his  observations  led  him.  "  It 
appears  that  the  various  physical  and  chemical  agents  which,  when  operating 
powerfully,  extinguish  the  life  of  the  constituents  of  the  animal  body,  produce 


Fig.  S3. — Inflamed  Fat.    Sliowini;  the  fat  cells  witli  leucocytes  between  theiii.    The  iiiigration  is  uio.st 
abuiulaiit  near  a  .small  vessel.    Some  larger  cells  of  doubtful  origin  are  present  at  uue  jiart. 

by  a  somewhat  gentler  action  a  condition  bordering  upon  loss  of  vitality, 
but  quite  distinct  from  it,  in  which  the  tissues  are,  for  the  time  being,  in- 
capacitated for  discharging  their  wonted  offices,  though  retaining  the  faculty 
of  returning  afterwards,  by  ^-irtue  of  their  own  inherent  powers,  to  their 
former  state  of  activity,  pro^•ided  the  irritation  have  not  been  too  severe  or 
protracted."    This  theory  alone  was,  however,  unable  satisfactoi'ily  to  account 
for  the  appearance  of  a  multitude  of  new  cells  in  tissues  still  suffering  from 
the  effect  of  an  injury,  and  yet  the  microscope  shows  that  this  fonns  an 
essential  part  of  acute  inflammation.    Consequently  Lister's  theory  did  not 
meet  with  the  acceptance  it  deserved  ;  and  until  the  migration  of  the  white 
corpuscles  was  discovered  by  Cohnheim  in  3  8G7,  the  process  of  inflammation, 
according  to  the  Cellular  Pathology  of  Virchow,  was  regarded  as  essentially 
one  of  increased  nutritive  and  formative  activity  of  the  inflamed  tissues.  All 
the  new  cells  were  supposed  to  be  formed  by  the  rapid  proliferation  of  the 


156        LOCAL  DISTURBAXCES  AND  INFLAMMATION. 


original  elements  of  the  affected  tissues.  The  discovery  of  the  migration  of 
the  ^Thitc  corpuscles,  however,  fully  accounted  for  the  appearance  of  the  new 
cells  in  the  inflamed  area,  -without  necessitating  the  imjirobable  assumption, 
that  injury  to  living  tissues  immediately  increases  their  vital  activity. 

The  changes  Avliich  occm-  in  the  tissues  as  the  result  of  inflammation  have 
been  observed  bf)th  in  vascular  and  non-vascular  structures,  and  both  during 
life  and  in  preparations  made  after  death.  Amongst  non-vascular  structures 
the  cornea  may  be  taken  as  the  most  typical,  and  has  most  frequently  been 
made  the  subject  of  experimental  investigation.  The  cornea  is  composed  of  a 
peculiar  form  of  fibrous  tissue  arranged  in  strata,  between  which  lie  spaces  of 
an  irregular  stellate  fonn  containing  corpuscles  corresponding  with  them  in 
shape  but  not  accurately  filling  them,  thus  leaving  room  for  the  passage  of 

blood  plasma  and,  under  certain  condi- 
tions, of  white  corpuscles.  When  the 
cornea  of  any  animal  is  irritated  by 
passing  a  fine  silk  thread  through  it, 
there  fonns,  before  many  hours  arc  past, 
an  opaque  s^Dot  extending  for  a  short 
distance  round  the  part  injured.  At 
the  same  time  the  vessels  of  the  con- 
junctivaand  of  the  sclerotic  become  en- 
jn,  gorged  with  blood.  If  the  cornea  be 
cut  out  and  examined  about  sixteen  to 
twenty-fom-  hours  after  the  injury,  in 
the  inflamed  area,  instead  of  the  single 
stellate  corpuscle  naturally  seen  in 
each  space,  there  will  be  found  a 
group  of  rounded  cells  having  all  the 
appearances  of  white  corpuscles.  Till 
comparatively  recently  it  was  thought 
that  these  were  produced  by  the  divi- 
sion, or,  as  it  is  called,  proliferation,  of 
Fig.  S4.-/.  Fascia,  cedematous  and  slightly  iiifii-  ^hc  Original  conieal  corpusclcs.    It  lias 

trated  with  leucocytes,  a.  Arteriole,    v.  Venule,  sinpp  I-ipph  cl-inun-.  ol^nvlt^  f 4-1 

■p.  roriniy.siuin  infiltrated  with  leucocytes,  n  ^"^^  ^^^^^  suowu  Clearly  that  the  appcar- 
Nerve.  m.  Muscular  Fibres,  cut  across.         aucc  is  really  produccd  by  an  acciunula- 

tion  of  migrating  cells  in  the  space  in 
which  the  corneal  corpuscle  lies,  in  such  a  w\ay  as  more  or  less  completely 
to  obscure  the  original  cell.  Whenever  and  wdierever  the  original  cell  can 
be  recognised,  it  shows  no  change.  Senftleben  irritated  (1)  a  small  central 
area  of  the  cornea  with  a  solution  of  chloride  of  zinc,  which  kills  all  cells  in 
the  part  touched,  but  leaves  the  fibrous  tissue,  and  especially  the  anterior 
homogeneous  lamina,  apparently  normal ;  dilatation  of  the  pcri-corneal  vessels 
was  not  produced.  The  spot  remained  clear,  and  the  Gold-method  showed  that 
the  cells  around  its  margin  underwent  no  change  until  repair  commenced  ; 
then  they  shot  out  processes  to  form  new  corneal  corpuscles,  but  nothing  suo-' 
gcsting  proliferation  of  the  cells  w^as  seen.  (2)  If,  however,  the  aStcriSr 
lamma  was  eaten  through  by  the  caustic,  the  area  soon  clouded  ;  the  same 
occm-red  if  (3)  the  cliloride  was  applied  near  the  corneal  margin,  the  anterior 
lamma  remaining  sound,  but  then  the  peri-corneal  vessels  did  dilate  In  each 
of  the  two  latter  cases,  clumps  of  small  round  cells  concealed  tiie  corneal 
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cells ;  but  there  is  no  reason  to  suppose  that  the  corneal  cells  behaved  in 
experiments  (2)  and  (n)  otherwise  than  as  they  did  in  experiment  (1).  We 
must,  therefore,  believe  that  the  new  cells  wandered  from  the  conjunctiva 
through  the  anterior  lamina  in  (2)  ;  and  that  they  migrated  from  the  dilated 
peri-corneal  vessels  in  (3). 

The  tongue  of  the  toad  has  been  examined  by  Dowdcswell  in  the  Physio- 
logical Laboratory  of  University  College  with  the  object  of  ascertaining 
whether  the  fixed  connective-tissne-corpuscles  take  any  part  in  the  for- 
mation of  the  new  cells  which  appear  in  inflammation.  The  details  of 
his  observations  were  published  in  the  Proceedings  of  the  Royal  Society  in 
187G,  and  he  gives  the  following  brief  summary  of  the  results  he  obtained  : 
"  So  long  as  the  circulation  continued,  no  change  whatever  took  place  in  the 
connective-tissue  corpuscles,  either  as  regards  form  or  appearance,  notwith- 
standing that  the  tissue  of  which  they  formed  part  was  beset  with  innumerable 
emigrant  colourless  corpuscles,  or  (to  use  ordinary  language)  was  infiltrated 
with  pus."  In  some  cases  the  tongue  was  watched  for  eight  or  even  nine 
days. 

The  conclusions  drawn  from  these  observations  are  confirmed  by  the 
microscopic  examination  of  specimens  of  other  inflamed  tissues.  In  fat  the 
leucocytes  are  found  crowding  between  the  fat  cells,  especially  in  the  neigh- 
bourhood of  small  blood-vessels  (Fig.  83)  ;  in  muscle  they  accumulate  between 
the  fibres  which  themselves  show  no  change,  unless  the  process  be  very  acute, 
and  then  the  alteration  is  in  the  direction  of  degeneration  not  of  growth 
(Fig.  84).  In  bone  the  Haversian  canals  become  filled  wdth  leucocytes;  and 
should  the  process  be  of  sufficient  intensity  and  duration,  the  solid  tissue  dis- 
appears before  the  new  cells,  while  at  the  same  time  the  bone-corpusclcs  show  no 
change  unless  one  of  degeneration.  Thus  acute  inflammation,  from  whatever 
cause,  and  in  Avhatever  tissue  it  may  arise,  is  always  characterised  histologically 
by  essentially  the  same  phenomena :  a  passive  or  degenerating  condition  of  the 
oriirinal  tissues  with  an  abundant  infiltration  of  new  cells,  which  are  the  white 
corpuscles  which  have  migrated  from  the  vessels,  and  possibly,  the  descend- 
ants of  such  corpuscles  formed  by  division  of  the  parent-cells  after  leaving  the 
vessel. 

The  extent  to  which  this  process  of  "cell-infiltration"  will  be  carried  depends 
upon  the  degree  of  damage  done  to  the  tissues  by  the  irritant  which  has 
caused  the  inflammation.  Supposing  the  damage  done  to  be  of  a  slight  and 
temporary  character,  the  tissues  speedily  recover  from  the  condition  of 
lowered  vitality  into  w^hich  they  have  been  thrown,  the  vessels  recovering 
with  the  other  parts.  The  circulation,  therefore,  returns  to  its  normal  state 
and  the  exudation  of  plasma  and  migration  of  white  corpuscles  cease.  The 
liquid  exudation  drains  away,  and  such  leucocytes  as  have  found  their  way 
amongst  the  tissues  either  break  up  and  are  absorlied,  or  find  their  way  back 
into  the  circulation  by  means  of  the  lymphatics.  The  part  is  thus  restored 
to  its  normal  condition,  and  no  permanent  eftect  of  the  inflammation  is  left 
behind.  This  process  of  i)erfect  recovery  is  spoken  of  as  the  "  termination 
of  inflammation  by  Resolution." 

Should  the  damage,  however,  be  of  such  severity  that  a  small  portion  of  the 
tissue  is  injured  past  recovery,  or  to  such  a  degree  that  the  pressure  of  the 
accumulating  cells  and  liquid  exudation  extinguishes  such  traces  of  vitality  as 
may  have  been  left  in  it,  it  is  evident  that  the  simple  process  of  resolution  is 
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no  longer  possible.    The  same  will  be  the  case  if  the  cause  of  the  inflammation 
J)e  persistent,  as  an  irritating  foreign  body  lodged  in  the  tissues.    Under  these 
circumstances,  the  exudation  from  the  vessels  and  the  migration  of  the  white 
corpuscles  continue  in  the  inflamed  area,  until  the  leucocytes  become  heaped 
up  and  press  upon  the  original  tissues  of  the  part,  which  now  show  signs  of 
degeneration.    The  fibres  of  connective  tissue  become  swollen  and  softened, 
and  finally  disappear  amongst  the  leucocytes  :  fat  cells  lose  their  contents, 
and  in  like  manner  are  lost  amongst  the  invading  cells ;  muscular  fibres  lose 
their  striation  and  become  granular,  the  migrating  cells  penetrate  within  the 
sarcolcmmata,  and  the  original  tissue  disappears  before  them ;  the  vessels  in  the 
same  way  become  obliterated  by  pressure  and  lost  in  the  mass  of  new  cells.  In 
whatever  part  or  tissue  the  change  maybe  occurring  the  process  is  essentially  the 
same — the  original  tissues  degenerate  and  disintegrate,  and  their  place  becomes 
occupied  by  a  closely  packed  crowd  of  small  round  cells.    Whether  each  of 
these  cells  has  originally  been  a  white  corpuscle,  or  whether  many  of  them  are 
formed  by  division  and  multiplication  of  the  corpuscles  after  migration,  is  a 
doubtful  point.    That  they  are  formed  from  the  cells  of  the  perishing  tissue  is 
hardly  conceivable,  and,  moreover,  experiments  have  shown  that  an  exactly 
similar  process  of  cell-infiltration  will  take  place  in  a  piece  of  dead  animal 
tissue  which  has  been  soaked  in  alcohol,  if  it  be  introduced  amongst  the  tissues, 
or  into  the  peritoneal  cavity  of  a  living  animal.    That  these  new  cells,  what- 
ever their  source,  take  an  active  part  in  the  absorption  of  the  original  tissues 
can  hardly  be  doubted.    When  the  inflammatory  process  has  reached  this  stage 
one  of  two  courses  is  ]50ssible :  the  process  may  cease  and  repair  may  set  in — 
the  new  cells  undergoing  changes  to  be  described  hereafter,  and  a  scar  being 
formed  in  the  place  they  occupied — or  it  may  continue  and  terminate  in  the 
formation  of  pus  or  suppuration.    This  latter  condition  is  brought  about  by 
the  softening  of  the  intercellular  sul)stance  in  the  centre  of  the  group  of  new 
cells.    The  cells  themselves  being  cut  off  from  proper  nutrition  by  their 
mutual  pressure,  undergo  degenerati\-e  changes.    They  assume  a  more  circular 
form,  apparently  by  a  process  analogous  to  rigor  mortis.    Their  protoplasm 
becomes  filled  with  large  highly  refracting  granules,  some  of  which  are 
fatty  and  soluble  in  ether,  while  others  are  of  an  albuminoid  nature,  and  can 
be  cleared  up  by  the  action  of  acetic  acid.    When  thus  cleared  the  cell, 
which  now  receives  the  name  of  a  pus-cell,  is  found  to  contain  a  double  or 
triple  nucleus.    This  breaking  up  of  the  nucleus  is  not  to  be  looked  upon 
as  a  sign  of  active  growth,  but  rather  as  a  degenerative  change.    The  fluid 
which  sepai-ates  the  pus-cells  is  nc»t  formed  merely  by  the  softening  of  the 
almost  inappreciable  amount  of  intercellular  substance  which  separated  the 
heaped  up  leucocytes  in  the  inflamed  area,  but  partly  also  by  exudation  from 
the  surrounding  inflamed  tissues  soaking  in  amongst  them.    With  this  fluid 
come  wandering  leucocytes ;  so  that  in  the  fluid  freshly  drawn  from  an  acute 
collection  of  pus,  not  only  are  the  round  dead  pus-cells  found,  but  with  them 
many  still  showing  the  single  luicleus,  faintly  granular  protoplasm  and  amoeboid 
movements  of  the  white  blood  corpuscle.    The  nature  of  juis,  and  the  process 
by  which  a  small  collection  spreads  and  forms  an  abscess,  will  be  further 
discussed  under  Sup]->uration  and  Abscess. 

If  the  process  that  has  just  been  described  should  occur  on  a  surface  so  that 
the  pus  finds  a  ready  escape  as  soon  as  it  is  formed,  wc  get  another  result  of 
inflammation,  which  receives  the  name  of  Ulceration.    The  process  of 
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ulceration  is,  indeed,  identical  with  that  of  the  formation  of  a  localised 
collection  of  pus.  The  original  tissues  hccome  infiltrated  with  migrating  cells ; 
they  then  degenerate,  their  place  being  taken  by  the  rapidly  multiplying 
leucocytes  which  in  their  turn  degenerate  and  break  loose  from  the  surface  as 
pus-cells.  This  Avill  be  further  considered  under  Ulceration.  In  some  forms 
of  inflammation,  as  will  be  seen  hereafter,  the  process  is  brought  to  an  end  by 
the  death  of  the  affected  ])art.  This  is  spoken  of  as  the  "termination  of 
inflammation  in  Gangrene." 

From  the  above  description  of  the  process  of  inflammation,  it  will  be  seen  that 
the  essential  features  are  the  retarded  flow  in  the  vessels,  and  the  exudation  of 
cells  and  liquor  sanguinis.  The  simple  hypera^mia  or  determination  of  blood, 
that  occurs  as  the  result  of  milder  degrees  of  irritation,  cannot  be  looked  upon 
as  constituting  a  part  of  the  true  inflammatory  process ;  and,  on  the  other  hand, 
when  the  stage  of  stasis  is  reached,  inflammation  must  soon  be  brought  to  an 
end  by  the  death  of  the  aflected  part,  unless  the  circulation  be  restored  by  the 
subsidence  of  the  process.  Acute  inflammation  is  identical  in  all  cases;  it 
may  vary  in  degree,  in  extent,  and  in  termination  according  to  the  nature  of 
the  cause,  and  the  vitality  of  the  tissues  on  which  the  cause  is  acting,  but  the 
process  is  always  the  same.  When,  therefore,  varieties  of  inflammation  are 
spoken  of,  it  must  be  borne  in  mind  that  the  variations  do  not  depend  on 
differences  in  the  essential  nature  of  the  process,  in  so  far  as  the  changes 
within  the  vessels  and  the  exudation  are  concerned,  but  are  the  result  of 
variations  in  the  cause,  and  in  the  degree  to  which  the  vessels  and  other  tissues 
are  damaged  by  it. 

Causes  of  Inflammatiox. — The  causes  of  inflammation,  like  those  of  all 
other  morbid  processes,  may  be  divided  into  predisposing  and  exciting. 

The  Predisposing  causes  may  be  briefly  said  to  include  c\ery  condition 
that  tends  to  lower  the  vitality  of  the  tissues,  and  thus  to  render  them  less  able 
to  resist  external  injurious  influences.  The  conditions  necessary  for  healthy 
nutrition,  and  consequently  for  a  high  degree  of  vitality  are,  an  abundant 
supply  of  healthy  blood,  connexion  with  a  healthy  nervous  centre,  periodical 
rest  from  functional  activity,  and  at  the  same  time  a  normal  exercise 
of  function.  The  influences  disturbing  tliese  conditions  may  be  Local  or 
General. 

Local  Predisposing  Causes. — The  local  conditions  which  interfere  with 
the  qiianUty  of  blood  supplied  to  a  part,  have  been  already  discussed  under 
Local  Antemia  and  Congestion.  In  Passive  Congestion,  it  will  be  remembered 
that,  although  the  part  habitually  contains  an  excess  of  blood,  there  is  a 
diminished  interchange,  and,  consequently,  the  actual  quantity  sujiplied  is 
less  than  natural.  Both  these  local  disturbances  of  circulation,  as  has  been 
already  pointed  out,  interfere  with  healthy  nutrition,  lower  the  vitality  of  the 
affected  part,  and  thus  render  it  prone  to  inflame  from  slight  causes. 

Loss  of  connexion  with  a  liPaJihij  nervc-cputve  may  be  the  result  of  de- 
Btruction  of  the  nerve-centre  itself,  or  of  injury  to  the  nerves  leading  from 
the  centre  to  the  affected  part.  The  best  illustration  of  the  effect  of  this 
condition  is  seen  in  contrasting  paralysis  of  a  limb  from  cerebral  haemorrhage, 
and  paralysis  from  acute  spinal  myelitis.  In  the  former  case,  the  paralysed 
limb  is  still  in  connexion  with  the  healthy  spinal  cord,  and  ordinary  care  in 
avoiding  pressure  will  prevent  any  formation  of  bed-sores.  In  the  latter  case, 
the  shghtcst  pressure  or  in-itation  causes  inflammation  rapidly  terminating  in 
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slougliiiig.  Loss  of  connexion  with  a  healthy  nerve-centre  is  also  seen  not 
unfi-equently  in  cases  of  division  of  the  ulnar  nerve,  by  which  the  little 
finger  is  absolutely  cut  off  from  its  nervous  supply.  Under  these  circum- 
stances, grave  changes  in  nutrition  are  common,  and  inflammation  is  readily 
set  up.  That  organs  to  which  insvfficiejit  resi  is  given  are  prone  readily  to 
inflame,  is,  perhaps,  best  illustrated  by  the  effects  of  excessive  work  on  the  eye ; 
and  the  converse,  that  or^jans  cut  off  from  the  im-forimmce  of  their  natural 
function  suffer  in  nutrition,  is  seen  in  the  fact  that  limbs  condemned  to 
inaction  from  disease  of  a  joint  are  cold  and  waste  away,  and  that  inflamma- 
tion is  set  up  in  them  from  comparatively  slight  causes.  Wounds  in  such 
limbs  often  heal  badly,  and  it  is  this  that  makes  amputation  of  such  members 
notoriously  unsuccessful. 

Though  every  tissue  of  the  body  is  susceptiljle  to  inflammation,  yet  some 
2Jarts  from  their  anatomical  conditions  and  structure  are  more  liahle  to  it  than 
others.  All  cavities  are  exposed  when  wounded  to  the  dangers  of  the  accumu- 
lation of  putrid  or  irritating  fluids,  and  thus  the  serous  and  synovial  mem- 
branes readily  become  affected  with  extensive  spreading  inflammation.  Mucous 
and  cutaneous  surfaces,  on  the  other  hand,  are  protected  by  a  strong  and 
thick  epithelium  when  they  are  exposed  to  injury,  and  consequently  require 
more  powerful  causes  to  produce  inflammation. 

When  a  part,  liaving  once  l)een  the  seat  of  inflammation,  has  been  left  in  a 
weakened  or  impaired  state,  it  will  be  more  liable  to  the  occurrence  of  a  second 
attack  of  inflammation,  having  less  resisting  power  ;  hence,  also,  subsequent 
attacks  are  induced  by  less  active  exciting  causes  than  w^ere  required  at  first 
to  call  the  process  into  existence  ;  we  see  this  in  the  inflammatory  affections 
of  the  eyes  and  joints. 

Constitutional  Predisposing  Causes. — That  old  age  acts  as  a  pre- 
disposing cause  of  inflammation,  it  is  hardly  necessary  to  say,  the  vitalitv 
of  the  tissues  in  extreme  age  being  greatly  diminished.  Anything  that 
enfechlcs  the  hearfs  action  to  such  a  degree  as  to  interfere  with  the  supply  of 
blood  to  the  tissues,  acts  as  a  predisposing  cause  of  inflammation.  Thus 
operation-wounds  are  more  prone  to  inflame  after  great  loss  of  blood,  and  in 
patients  weakened  by  long  fever  or  want  of  food.  For  healthy  nutrition,  it 
is  not  only  necessary  that  there  should  be  an  abundant  supply  of  blood,  but 
the  blood  that  is  siipjjlied  must  le  in  a  liealthy  conditio)i.  The  blood  may  be 
rendered  impure  by  iJic  addition  to  it  of  some  substance  not  normally  present,  or 
by  the  imperfect  elimination  of  llm  iwoducts  of  normal  tissue-change,  or  by  the 
defjcicncg  of  some  of  its  normal  const  Hue}  its.  The  most  common  and  most 
important  of  the  first  class  of  conditions,  is  the  habitual  presence  in  the  blood 
of  an  amount  of  alcohol  in  excess  of  that  which  can  be  easily  eliminated  or 
consumed.  This  is  unfortunately  the  constant  condition  of  but  too  many  of 
the  working  classes,  especially  in  large  cities.  A  healthy  country  labourer 
engaged  in  hard  work  in  pure  air,  may  consume  and  eliminate  rapidly  a  large 
amount  of  alcohol  ;  bub  the  city  workman,  engaged  in  more  or  less  sedentary 
occupation  in  ill-ventilated  workshops,  is  less  al)le  to  get  rid  of  the 
alcohol  he  consumes  ;  Avhile  at  the  same  time,  the  quantity  he  takes  is  proba- 
bly greater,  as  his  wages  are  higher  and  his  opportunities  for  drinking  more 
abundant.  There  can  be  no  doubt  that  this  condition  of  chronic  alcoholism 
exerts  a  most  prejudicial  influence  on  all  operations  and  diseases  of  the  inhabi- 
tants of  large  cities.  Habitual  excess  in  eating  is  almost  as  injurious  as  excessive 
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drinking-  ;  for,  as  only  a  certain  amount  of  food  can  be  properly  digested 
and  assimilated,  excess  above  this  tends  to  interfere  with  healthy  nntrition. 

Chronic  lead-,  mercur//-,  and  phosphorus-poisoning  are  other  examples  of  the 
same  class  of  causes.  'Tha  ahsorplion  of  the  chemical produds  of  indrefaction 
from  a  wound,  as  we  shall  see  hereafter,  causes  severe  fever ;  and  the  rapid 
wasting  of  the  body  that  occurs  in  this  condition,  is  clear  evidence  ■  of  the 
serious  disturbance  of  mitrition  that  it  gi^-es  rise  to.  It  is  the  experience  of 
all  Surgeons  that  wounds  made  during  septic  fever  arc  exceptionally  prone  to 
inflame,  and  generally  do  badly. 

Saccharine  diabetes,  which  of  all  conditions  exerts  the  most  injurious  influ- 
ence on  Avounds  and  injuries,  may  perhaps  be  most  conveniently  classed  under 
this  heading;  as  also  may  jaundice  when  due  to  simple  obstruction  of  the  bile 
ducts. 

Amongst  the  causes  of  impurity  of  blood  from  insvfficiejit  elimination  of  the 
normal  products  of  tissue  change,  Bright's  disease  of  the  kidneys  is  the  most 
important.  Gold  also  is  perhaps  most  properly  included  under  this  heading. 
Both  these  conditions  are  powerful  predisposing  causes  of  inflammation. 
Diseases  of  the  lungs  and  liver  act  in  the  same  way. 

Amongst  conditions  due  to  the  iimifficienc!/  of  some  of  the  normal  constituents 
of  the  blood  is  anremia,  such  as  is  so  commonly  seen  in  young  women  ;  and 
here  also  might  be  classed  those  conditions  due  to  a  deficient  su|)ply  of  the 
necessary  elements  of  food,  such  as  scurvy,  from  w-ant  of  fresh,  green  vegetables, 
and  the  general  condition  of  mal-nutrition  brought  about  by  deficiency  of 
oxygen  in  the  air  halntually  breathed  and  want  of  food  in  general. 

Lastly,  there  is  the  constitutional  condition  known  as  scrofula,  in  which 
there  is  a  tendency  to  inflammations  occurring  under  the  influence  of  exciting 
causes,  less  in  degree  than  those  which  afl'ect  healthy  subjects  ;  but  the 
essential  nature  of  this  condition  is  still  but  imperfectly  known. 

Exciting  Causes  of  Inflammation. — Inflammation  is  usually  said  to  be 
the  immediate  result  of  local  "  irritationj'^  and  the  causes  of  inflammation  are 
commonly  spoken  of  as  "  irritants.'^    Irritation  properly  means  excitement 
(irrito,  I  excite) ;  and  consequently  the  physiologists  speak  of  tissues  possess- 
ing" "  irritability,"  when  a  healthy  manifestation  of  functional  activity  can  be 
induced  by  the  application  of  external  stimuli.    At  the  time  when  inflamma- 
tion was  believed  to  be  an  exaggeration  of  the  normal  activity  of  the  inflamed 
tissues,  the  cause  that  produced  it  was  very  naturally  spoken  of  as  an  irritant, 
Now  that  inflammation  is  known  to  be  essentially  a  condition  of  diminished 
vital  activity  of  the  tissues  in  the  inflamed  area,  the  term  may  give  rise  to 
some  misconception  unless  the  sense  in  which  it  is  used  be  clearly  understood  ; 
at  the  same  time,  its  use  in  the  sense  of  something  causing  inflannnation  has 
become  so  firmly  fixed,  not  only  in  surgical  but  in  popular  language,  that  it 
would  be  most  inconvenient  to  try  to  change  it.    An  irritant  may,  therefore, 
be  defined  as  something-  tending  to  damage  the  tissues  on  which  it  acts,  and 
to  lower  temporarily  their  vitality  ;  if  acting  more  feebly,  it  frequently  behaves 
as  a  stimulus,  calling  forth  manifestations  of  normal  function  ;  if  more  severely 
or  persistently,  it  causes  the  death  of  the  tissue  upon  which  it  acts.  Heat 
may  be  given  as  an  example.    If  the  skin  be  exposed  to  a  temperature  of 
about  100°  F.,  there  results  simple  hypera?mia  with  increase  of  normal  function, 
as  shown  by  perspiration ;  boiling  water  applied  merely  for  a  second  causes 
inflammation  ;  and  a  red-hot  iron  would,  of  course,  give  rise  to  immediate  death 
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of  the  part  it  toucliecT.   The  effect  produced  by  an  irritant  will  depend  first,  upon 
the  intensity  of  the  irritant ;  and  secondly,  upon  the  imuers  of  resistance  of  the 
tissues  on  which  it  acts  :  thus,  in  the  feeble  tissues  of  a  limb,  the  arteries  of 
which  are  diseased  so  as  to  bring  the  supply  of  blood  below  the  normal 
standard,  inflammation  is  readily  induced  by  slight  causes.    It  has  already 
been  stated,  that  insufficient  supply  of  blood  acts  as  a  powerful  predisposing 
cause  of  inflammation  ;  the  complete  arrest  of  the  circulation  if  continued  for 
a  sufficient  length  of  time,  acts  as  a  direct  exciting  cause.    This  was  shown 
by  Cohnheim  in  his  well-known  experiments  on  the  tongue  of  the  frog  and 
on  the  ear  of  the  rabbit.    If  the  ear  of  the  rabbit  be  emptied  of  l)lood,  and  a 
temporary  ligature  applied  at  its  base,  the  eifect  produced  is  proportional  to 
the  time  during  which  the  ear  is  kept  bloodless  ;  if  this  be  a  few  hours  only, 
temporary  hyperemia  alone  results,  with  perhaps  slight  swelling  ;  if  about 
twelve  hours,  the  car  becomes  greatly  swollen,  there  is  retarded  flow  in  the 
vessels  with  abundant  inflammatory  exudation,  and  the  tissues  become  infil- 
trated with  migrating  white  blood-corpuscles  ;  if  the  ear  be  kept  bloodless 
till  its  vitality  is  lost,  the  blood  refuses  to  enter  it,  the  corpuscles  imme- 
diately choking  the  vessels  and  blocking  them  as  in  inflammatory  stasis,  so 
that  any  flow  is  impossible.    Thus  any  degi'ee  of  inflammation  can  be 
produced  at  will  by  varying  the  time  during  which  the  ear  is  kept  bloodless. 
Cohnheim  showed  also  that  after  the  ear  has  been  bloodless  for  a  time  suffi- 
cient in  some  degree  to  lower  its  vitality,  slight  injuries  cause  a  higher  degree 
of  inflammation  than  in  a  healthy  ear.    This  experiment  is  sometimes  unin- 
tentionally performed  on  the  hmnan  subject.    Some  years  ago  a  patient  came 
under  my  care,  whose  whole  arm  had  been  rendered  bloodless  by  the  applica- 
tion of  an  apparatus  for  the  treatment  of  fracture  of  the  clavicle.    At  first, 
when  the  bandages  were  removed,  the  Hmb  seemed  hopelessly  dead  ;  but  after 
a  short  time  it  was  evident  that,  although  its  vitality  was  reduced  to  the 
lowest  possible  degree,  it  was  not  absolutely  destroyed,  for  the  blood  began 
slowly  to  find  its  way  even  to  the  finger-tips,  but  with  this  all  the  phenomena 
of  acute  inflammation  were  developed.    The  limb  became  swollen,  red  and 
tense  to  such  an  extent  that  the  circulation  became  again  arrested  by  the 
pressure  of  the  exudation,  and  gangrene  set  in,  necessitating  amputation  at 
the  shoulder-joint.    On  making  incisions  into  the  amputated  limb,  a  most 
abundant  inflammatory  exudation,  like  thin  pus,  streamed  from  the  sub- 
cutaneous tissues  and  muscles.    The  same  phenomena  are  observed  in  strano-u- 
lated  hernia.    It  is  a  well-known  fact  that  in  complete  strangulation,  even 
Avhen  the  gut  has  been  cut  off  from  the  circulation  for  many  hours,  no  inflam- 
matory exudation  is  found  on  its  surfece  when  the  sac  is  opened  in  the 
operation ;  but  should  the  patient  die  shortly  after  reduction,  the  gut  is  found 
to  be  covered  with  a  thick  layer  of  inflammatory  exudation.    Here  as  in  the 
rabbit's  ear,  the  phenomena  of  inflammation  do  not  manifest  themselves  till 
the  circulation  is  re-established  in  the  strangulated  part. 
^  Irritants,  that  is  to  say,  injurious  influences  acting  as  causes  of  inflamma- 
tion, may  be  divided  into  six  groups  :  Mechanical,  Physical,  Chemical, 
Organised,  Functional,  and  Nervous.  ' 

1.  Mechanical  Irritants  may  be  thus  subdivided  :— («)  Direct  mechanical 
violence,  as  la  wounds,  bruises,  fractures  of  bones,  &c.  {h)  Movement,  which 
is  a  frequent  cause  of  persistence  of  inflammation,  as  in  inflamed  joints  but 
is  seldom  an  exciting  cause  of  the  original  mischief,    (c)  Friction   as  in 
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blisters  on  the  feet  or  hands,  {d)  Tension.  Abnormal  tension  acts  both  as 
a  primary  and  a  secondary  cause  of  inflammation  ;  a  ti,<;-ht  stitch,  pent-up 
discliargcs  in  a  wound,  or  obstruction  of  the  duct  of  a  gland,  are  all  familiar 
examples  of  tension  acting-  primarily  as  a  cause  of  inflammation.  As  a 
secondary  cause  it  is  still  more  important,  as  it  comes  into  play  to  a  greater 
or  less  degi-ee  in  all  inflammations  as  a  consequence  of  the  dilatation  of  the 
vessels  and  the  exudation.  In  an  acute  abscess,  it  is  the  tension  produced  by 
the  accumulation  of  fluid  that  causes  the  persistence  of  the  inflammation, 
which  subsides  more  or  less  completely  as  soon  as  the  pus  is  let  out.  It  is 
partly  the  diminution  of  tension  by  emptying  the  over-distended  vessels  that 
gives  relief  in  elevation  of  an  inflamed  part ;  in  fact  it  will  be  seen  hereafter 
that  the  relief  of  tension  is  one  of  the  chief  objects  in  the  treatment  of  almost 
every  inflammation. 

2.  Physical. — Under  this  heading  are  included  Jtcat,  cold  and  eleciricify. 
The  efiects  of  the  two  first  are  too  familiar  to  require  further  explanation. 
Electricity  acts  as  a  cause  of  inflammation  only  when  it  gives  rise  to  decom- 
position of  the  tissues  by  electrolysis. 

3.  Chemical. — All  strong  acids  and  aJlcaUes  and  innumerable  salts,  such 
as  corrosive  sublimate,  chloride  of  zinc,  &c.,  act  as  irritants  when  applied  to 
the  tissues.  Numerous  natuml  jjrodiicts  of  the  vegetable  Mngdom,  such  as 
croton  oil,  mustard,  &c.,  and  some  animal  products,  such  as  cantharides  and 
the  poison  of  various  venomous  reptiles  and  insects,  act  as  more  or  less  power- 
ful exciting  causes  of  inflammation.  The  most  important,  however,  of  all 
tin's  class  of  irritants  in  surgical  practice  are  the  chemical  products  of 
putrefaction.  It  is  to  the  irritation  caused  by  these  that  the  inflammation 
and  sujipuration  which  so  frequently  accompany  open  wounds  are  due,  in  the 
gi'cat  majority  of  cases  ;  and  the  great  improvement  that  has  taken  place  in 
surgery  during  the  last  fifteen  years  has  been  brought  about  chiefly  by  the  more 
or  less  perfect  exclusion  of  this  source  of  irritation.  It  is  necessary,  therefore, 
here  briefly  to  consider  the  nature  and  necessary  conditions  of  putrefaction. 

Decomposition  or  putrefaction  of  animal  matter  is  now  universally  recog- 
nised as  a  process  of  fermentation,  the  essential  conditions  of  which  arc 
1,  the  presence  of  dead  animal  matter ;  2,  a  srifficient  supply  of  oxygen ;  3,  the 
fresence  of  water 4,  the  main  tenance  of  a  certain  temjjerainre,  and  5,  the  ferment. 
These  may  be  considered  more  in  detail. 

1.  The  presence  of  dead  animal  matter. — We  have  already  seen  that 
in  acute  inflammations  a  coagulal)le  exudation  takes  place  ;  when  this  coagu- 
lates it  entangles  in  the  meshes  of  the  fibrin,  a  vast  mimber  of  white  corpuscles, 
which  have  migrated  from  the  vessels,  thus  forming  the  so-called  inflamma- 
tory lymph  or  i)lastic  exudation,  while  the  serum  either  flows  away  by  the 
lymphatics  or  accumulates  in  the  spaces  natural  to  the  part.  In  the  case  of  an 
open  wound  the  jilastic  exudation  accumulates  on  the  surface  and  forms,  as  wc 
shall  afterwards  see,  the  fii'st  l)ond  of  union ;  while  the  serum  drains  away, 
unless,  from  any  imperfection  in  the  treatment,  it  is  allowed  to  accumulate  in 
the  cavity  of  the  wound.  In  compound  fractures  and  wounds  ojieniug  the 
natural  cavities  of  the  body,  perfect  drainage  is  not  always  jwssible.  The 
plastic  exudation  is  composed  to  so  large  an  extent  of  living  cells  that  it  may 
be  looked  upon  as  living  tissue,  and  conscciuently  incapable  of  undergoing 
putrefaction.  It  is  otherwise  with  the  scrum,  which  is  highly  putrescible. 
Extravasated  blood,  either  in  the  spaces  of  the  areolar  tissue,  as  in  a  bad 
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bruise,  or  in  the  cavity  of  a  wound,  or  other  injury,  as  in  a  compound  fracture,  is 
readily  decomposable,  although  less  so  than  the  serum  which  is  squeezed  out  of 
the  clot  as  it  contracts.  The  pus  contained  in  an  abscess,  or  the  urine  in  a 
distended  bladder,  are  other  examples  of  putresciljle  animal  matter  in  the  living 
body. 

2.  A  sufficient  supply  of  oxygen. — The  tissues  themselves  and  the 
blood  circulating  in  them,  contain  quite  enough  oxygen  for  the  process  of 
putrefaction.  This  is  shown  by  the  fact  that  oflFensive  decomposition  fre- 
quently takes  place  in  wounds  from  which,  immediately  after  the  injury,  the 
air  has  been  excluded  by  some  external  application,  such  as  styptic  colloid, 
collodion,  or  the  like. 

3.  The  presence  of  water. — All  living  tissues  and  the  fluids  of  the 
body  contain  enough  water  to  putrefy  readily,  but  the  proportion  is  not  that 
most  favourable  to  the  process.  The  more  Avatery  an  exudation,  the  more 
readily  will  it  decompose. 

4.  The  maintenance  of  a  certain  temperature. — Experience  shows 
that  the  temperature  of  the  human  l)ody  is  one  highly  favourable  to  the 
l^rocess  of  putrefaction. 

5.  The  presence  of  the  ferment. — The  four  previous  conditions  of 
putrefaction  have  been  universally  recognised  for  a  long  time  past,  and  may 
be  said  almost  to  form  part  of  the  common  experience  of  mankind ;  but  the 
necessity  for  the  action  of  a  ferment  as  the  starting  point  of  the  process  is 
amongst  the  modern  discoveries  of  science.     Ferments  are  of  two  kinds, 
organised  and  non-organised.     The  organised  ferimnts   are  microscopic 
vegetable  organisms  belonging  to  the  class  of  fungi  ;  the  non-or(janised  are 
chemical  substances,  such  as  diastase,  pepsin,  ptyalin,  &c.,  which  give  rise  to 
definite  chemical  changes  in  the  special  substance  upon  which  they  act.  The 
part  played  by  the  microscopic  fungi  in  the  causation  of  fermentation  is  still 
doubted  by  some  observers,  who  attribute  the  process  to  the  action  of  particles 
of  dead  organic  matter  supposed  to  be  undergoing  certain  "  physico-chemical " 
changes,  by  virtue  of  which  they  start  similar  changes  in  unstable  organic 
compounds  with  which  they  may  come  in  contact.    The  vast  majority  of 
observers  are,  however,  now  agreed  in  considering  the  process  of  putrefaction 
to  be  a  fermentation,  dependent  on  the  presence  of  an  organised  and  living 
ferment.    In  putrid,  animal  fluids  more  than  one  form  of  organism  is  usually 
met  with  ;  but  the  most  important  and  constant  is  a  short  rod-shaped  fungus, 
the  length  of  which  does  not  exceed  double  its  breadth.    This  is  the  bac- 
terium termo— supposed  to  be  the  ferment  of  ordinary  purcfaction.  The 
minute  round  fungi,  arranged  in  groups,  pairs,  or  chains,  which  may  be 
present,  are  not  essential  to  the  process  ;  unless  the  rod-shaped  bodies  or 
bacteria  are  present,  the  ordinary  putrid  smell  is  not  produced.  These 
bacteria  are  true  "saprophytes"  or  "caiTion-fungi"  ;  they  developc  onlv  in 
dead  matter,  and  soon  perish  amongst  living  tissues  or  in  tlie  blood-stream  of 
a  healthy  living  animal.    Mauy  forms  of  microscopic  fungi  are  capable  of 
attacking  living  tissues  and  growing  amongst  them  like  true  parasites ;  and 
as  under  these  circumstances  they  are  associated  with,  and  probably  cause 
a  more  or  less  marked  disturbance  in  the  health  of  the  part  they  infest 
they  have  received  the  name  of  ''imtliogcnic  fvngir    The  ordinary" bacteriji 
of  decomposition  are,  in  this  sense,  non-pathogenic.    The  chemical  products, 
however,  of  the  process  of  putrefactive  femeutation  are  intensely  irritating'. 
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excite  inflammation  in  the  tissues  with  which  they  come  in  contact,  and  when 
absorbed  into  the  system  give  rise  to  constitutional  disturbance,  varying  in 
intensity  directly  with  tlie  dose. 

Assuming,  therefore,  that  the  presence  of  bacteria  is  an  essential  feature  of 
the  process  of  putrefactive  fermentation,  two  views  have  been  held  with 
regard  to  their  action  and  mode  of  origin.  Firstly,  that  they  are  the  direct 
cause  of  the  process,  and  that  they  arise  solely  from  pre-existing  organisms  of 
the  same  kind,  or  their  germs,  which  have  found  admission  to  the  putrescible 
matter  from  without.  This  view,  which  is  known  as  the  "  germ  theory  of 
decomposition,"  is  now  almost  universally  accepted.  Secondly,  it  has  been 
maintained  that,  although  the  microscopic  organisms  are  constantly  present, 
they  are  merely  an  accompaniment  of  the  process ;  and  that  putrefaction  occurs 
either  spontaneously  or  under  the  influence  of  a  chemical  ferment,  and  that 
during  its  occurrence  the  bacteria  may  be  developed  from  the  dead  matter 
•which  is  decomposing.  The  discussion  of  this  question  involves  the  whole 
subject  of  abiogenesis  or  spontaneous  generation — a  subject  that  has  occupied 
the  attention  and  exercised  the  ingenuity  of  scientific  men  of  all  ages  and 
countries,  from  the  time  of  Aristotle  onwards,  and  which  is,  perhaps,  as  far 
from  its  ultimate  solution  now  as  it  was  when  he  wrote  on  the  Generation  of 
Animals.  The  fiill  discussion  of  this  subject  would  be  out  of  place  here,  and 
I  must  refer  the  reader  to  the  ^\Titings  of  Pasteur,  Lister,  Bastian  and 
Tyndall. 

So  far  as  our  present  purpose  is  concerned,  it  may  be  sufficient  to  state  that 
it  has  been  shown  conclusively  by  Pasteur,  Lister,  Tyndall,  and  others,  that 
putrescible  fluids,  such  as  urine,  milk,  or  hydrocele  serum,  may  be  exposed 
without  undergoing  decomposition  to  air  which  has  been  deprived  of  all  its 
solid  particles  by  filtration,  or  has  been  submitted  to  a  sufficiently  high  tem- 
perature, or  to  the  action  of  some  chemical  substance  capable  of  destroying 
the  vitality  of  any  living  organism.  Consequently  the  gases  of  the  air  are  not 
the  causes  of  putrefaction.  If  a  fluid  which  has  thus  been  kept  from  putrefac- 
tion for  weeks,  or  even  months,  be,  at  the  end  of  that  time,  exposed  to  the 
unpurified  air  for  a  few  seconds  no  result  may  follow;  if  for  a  few  minutes, 
fungi  are  sure  to  make  their  appearance ;  but  it  is  by  no  means  certain  that  the 
organism  that  appears  will  be  the  bacterium  termo  and  that  the  fermentation 
that  follows  will  be  ordinary  putrefaction.  More  commonly  moulds  of  various 
kinds  appear,  especially  if  the  air  be  more  than  usually  dry.  If  the  exposure 
be  prolonged,  or  the  air  very  damp,  the  probability  of  the  appearance  of 
bacteria  will  be  much  greater.  The  conclusion  drawi  from  this  is  that  the 
spores  of  moulds  are  always  floating  in  the  air  in  considerable  munbcrs,  but 
that  bacteria  are  much  less  abundant,  but  still  are  always  present.  The  same 
result  may  be  obtained  by  cultivating  the  dust  of  a  room  on  a  gelatine  cul- 
tivating solution  or  on  a  boiled  potatoe.  In  a  scries  of  cultivations  bacteria 
appear  occasionally,  while  the  moulds  constantly  develope.  By  exposing  fluids 
or  other  cultivating  media  to  the  air  for  fixed  times,  it  can  be  clearly  shown 
that  all  forms  of  organisms  exist  much  more  abmidantly  in  the  air  of  houses 
than  in  that  of  the  open  country,  and  more  in  great  cities  than  smaller  towns. 
If,  instead  of  exposing  the  putrescible  fluid  to  air,  a  drop  of  unpurified  watei- 
fi-om  any  source  be  added,  bacteria  make  their  appearance  Avith  absolute 
certainty,  and  ordinary  putrefaction  follows.  From  this  fact  it  is  to  be  con- 
cluded that  water  is  the  special  .habitat  of  the  ordinary  bacteria  of  putrefaction. 
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Assnniiiig,  therefore,  that  the  bacteria  arc  the  cause  of  the  process  of  putre- 
faction, by  wliat  means  can  they  gain  access  to  the  putresciblo  matter  m 
wounds,  abscesses  or  cavities  containing  animal  fluids  ? 

Only  two  modes  of  entrance  need  be  considered :  1.  The  lacieria  might  U 
conceived  to  enter  hj  the  lungs  and  alimentarg  canal,  and  thus  find  their  way 
into  the  circulation  and  enter  the  dead  matter  from  within.  That  this  mode 
of  entrance  does  not  occm-  with  the  bacteria  of  decomposition,  is  evident  from 
the  fact  that  subcutaneous  accumulation  of  putresciblo  fluid  such  as  pus,  or 
serum,  or  portions  of  dead  tissue,  such  as  a  part  of  an  organ  cut  off  from  its 
blood  supply  by  a  simple  embolon,  do  not  undergo  putrefaction.  It  has, 
moreover,  been  sho^vn  by  experiment  that  the  bacteria  which  cause  ordinary 
putrefixction,  even  if  injected  into  the  blood  stream,  speedily  perish.  That  other 
forms  of  organisms  can  enter  by  this  method  must  be  acknowledged,  unless  Ave 
are  prepared  to  admit  that  they  are  spontaneously  generated,  for  in  all  acute 
infective  inflammations,  and  in  all  acute  abscesses,  microscopic  organisms  are 
found  at  the  seat  of  disease  even  when  there  is  no  external  wound. 

2.  Tlie  lacteria  are  admitted  direcilg  from  without.  Of  this  there  can  be  no 
doubt.  We  have  already  seen  that  they  are  constantly  present  in  the  air, 
although  not  in  such  A'ast  nmnbcrs  as  was  at  one  time  supposed ;  they  are 
more  abundant,  however,  in  the  neighbourhood  of  decomposing  matter,  as  in 
a  ward  containing  many  wounds  the  discharges  of  which  are  in  a  state  of 
decomposition.  They  are  carried  into  wounds,  abscesses,  or  other  cavities  by 
the  surgeon's  hands,  by  instruments,  and  more  especially  by  water,  unless  some 
means  are  adopted  to  destroy  them.  Still  it  cannot  be  too  clearly  borne  in 
mind  that  even  when  they  are  carried  into  the  body,  or  into  a  wound,  the 
ordinary  bacteria  of  putrefaction  can  do  no  harm  unless  they  come  in  contact 
with  dead  matter.  They  speedily  perish  in  the  blood,  and  they  exert  no 
influence  on  living  tissues.  Amongst  living  tissues  we  must  class  the  coagul- 
able  lymph  or  plastic  exudation  that  covers  the  surfaces  of  a  wound ;  while 
the  serum  is  dead  matter.  In  a  wound  or  abscess  cavity,  therefore,  which  is 
perfectly  drained,  they  soon  perish ;  and  were  perfect  drainage  always  possible, 
we  need  not  fear  the  presence  of  bacteria.  It  is,  however,  not  possible  ;  and 
consequently,  according  to  the  germ-theory  of  decomposition,  it  becomes  in 
most  cases  a  matter  of  gi'eat  importance  to  exclude  all  bacteria  from  wounds  or 
abscesses,  and  to  destroy  any  which  may  have  found  admission. 

The  bacterium  termo,  the  ferment  of  ordinary  putrefaction,  is  a  short  rod- 
shaped  body,  the  length  of  which  is  under  twice  its  width ;  it  exliibits  active 
spontaneous  movements,  but  occasionally  a  group  of  bacteria  become  united 
together  by  a  jelly-like  substance  which  limits  or  an-ests  their  motion. 
Bacteria  multiply,  as  far  as  is  known,  solely  by  division  of  the  individual 
cells  (fission),  and  never  by  the  development  of  spores.  They  are,  conse- 
quently, easily  destroyed  by  chemical  antiseptics,  by  heat  and  by  drying,  as 
the  extraordinary  power  of  resisting  these  influences  is  shown  only  by  the 
spores  of  fungi,  and  not  by  the  organisms  themselves. 

4.  Organised  Irritants. — This  class  of  irritants  includes  those  organisms 
which  have  the  power  of  growing  like  true  parasites,  in  the  living  tissues  of 
the  animal  body.  Amongst  them  must  be  included  certain  animal  parasites, 
such  as  the  itch  insect  (acarus  scabiei),  the  chigoe  (pulex  penetrans),  the 
trichina  spiralis,  &c.,  which  bury  themselves  in  the  living  tissues  and  there 
excite  a  greater  or  less  degree  of  inflammation.   These  arc,  however,  of  little 
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importance  compared  to  the  vegetable  organisms  which  are  now  supposed  by 
the  majority  of  pathologists  to  be  the  direct  cause  of  many  forms  of  inflam- 
mation,  as  erysipelas,  malignant  pustule,  and  other  specific  affections. 
Assuming  this  theory  to  be  true,  it  is  probable  that  the  inflammation  is  the 
result  of  the  formation  of  irritating  chemical  products  by  a  process  analogous 
to  putrefaction  and  fermentation ;  still  it  is  important  "to  make  a  very  clear 
distinction  between  the  effects  of  simple  putrefaction  and  the  inflammation 
caused  by  these  more  potent  organisms.    In  simple  putreftiction  the  irritatiug 
material  is  formed  as  the  result  of  changes  occurring  in  the  dead  matter  only, 
aud  may  be  regarded  as  being  developed  outside  the  body ;  and,  when  it  gives 
rise  to  spreading  inflammation,  this  is  due  merely  to  the  chemical  products  of 
the  process  soaking  into  the  suiTounding  tissues,  just  as  any  soluble  irritatiug 
salt,  such  as  corrosive  sublunate,  might  do ;  but  the  irritant  does  not  increase  in 
quantity  amongst  the  living  tissues,  and  its  effects  ai-e  directly  proportioned  to 
the  quantity  developed  locally.    There  is,  in  other  words,  no  infection  of  the 
suiToundiug  tissues.    With  the  organisms  of  which  we  are  now  speaking, 
however,  the  case  is  different ;  according  to  the  germ-theory  of  infec- 
tion, it  is  supposed  that  they  grow  into  the  surrounding  hving  tissues, 
and  excite  inflammation  as  they  spread ;  they  enter  the  circulation  by  the 
lymph  stream,  or  by  the  blood  vessels,  and  may  multiply  in  the  circulating 
blood,  giving  rise  to  changes  in  its  composition  incompatible  with  life,  or  they 
may  lodge  in  distant  parts,  and  there  grow  and  set  up  local  inflammation 
similar  to  that  at  the  original  seat  of  disease.    From  their  direct  power  of 
exciting  unhealthy  processes,  these  organisms  are  spoken  of  as  "  pathogenic 
fungi."    They  cause  a  true  infection  loth  locally  amongst  the  tissues  acljoininc/ 
iJiejmrt  first  infected,  and  generallij  in  the  ichole  system.    The  poison  multiplies 
in  the  body  of  the  affected  individual,  and  the  effects  it  produces  are  not 
proportional  of  the  quantity  of  the  original  dose  inoculated.    To  inflammations 
arising  from  this  cause  the  term  "  infective  "  is  applied. 

The  organisms  which  are  found  associated  with  "  infective  "  inflammations 
are  classed  with  fangi,  being  destitute  of  chlorophyll  and  absorbing  oxygen 
and  excreting  carbonic  acid.  They  belong  chiefly,  but  not  exclusively,  to  the 
orders  Micrococcus  and  Bacillus. 

Micrococci  are  round  organisms,  varying  from  ^ ^ „ „  to  -jjs-hoo  iiich  in 
diameter,  and  are  often  recognizable  only  by  the  highest  powers  of  the 
microscope.  They  occur  singly  or  grouped  in  pairs,  chains,  or  colonies. 
"Wlieu  in  colonies  they  are  bound  together  by  a  homogeneous  substance, 
known  as  "  Zoogloca."  There  is  no  reason  to  believe  that  they  ever  lengthen 
out  into  rod-shaj^ed  organisms,  as  they  can  be  cultivated  again  and  again  in 
various  media,  and  still  retain  their  original  form.  Their  mode  of  reproduc- 
tion is  supposed  to  be  by  cell-division. 

Bacilli  are  rod-shaped  bodies,  differing  from  bacteria  in  the  fact  that  their 
length  is  at  least  double  their  breadth,  and  that  they  are  most  often  motion- 
less. This  division  is  merely  arbitraiy,  but  our  knowledge  is  not  yet  sufficient 
to  justify  any  further  distinction.  One  bacillus  is,  however,  of  such  size  that  its 
hfe-history  can  be  studied  without  difficulty,  namely,  the  Bacillus  anthracis, 
the  organism  which  is  the  cause  of  splenic  fever  in  cattle  and  of  malignant 
pustule  in  man.  Observation  has  shoAvn  that,  under  favourable  conditions  of 
growth,  it  multiplies  by  fission  like  the  bacteria ;  but  under  other  circumstances 
small  highly  refracting  dots  appear  in  its  substance,  which  have  been  proved 
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to  be  spores.  These  spores  show  a  most  remarkable  power  of  resisting  heat, 
chemical  reagents,  and  diying.  Blood  containing  them  may  be  kept  dry  for 
years  without  losing  its  virulence  ;  it  may  be  mixed  for  weeks  Avith  the 
strongest  watery  or  oily  solutions  of  carbolic  acid  without  its  jDotency  being 
impaired.  Bichloride  of  mercury,  however,  in  a  one  per  cent,  solution  is 
speedily  fatal  to  it,  as  also  is  permanganate  of  potash  in  a  5  per  cent,  solution. 
Pasteur  has  also  shown,  that  when  cultivated  in  a  medium  unfavourable  to  its 
growth,  it  loses  its  virulence  gradually  until  it  can  be  inoculated  into  an 
animal  with  the  certainty  of  producing  a  mild  form  of  the  disease,  but  yet 
sufficiently  severe  to  protect  from  further  attacks.  The  study  of  these 
organisms  has  lately  received  a  still  further  impulse  from  the  discovery  of 
a  bacillus  in  tubercle.  The  exact  relation  of  the  organism  to  tubercular 
inflammations  is  still  to  be  determined ;  but  no  doubt  exists  as  to  its  presence, 
and  that  it  plays  some  important  part  in  the  process  can  hardly  be  doubted. 
The  tubercle-bacillus,  like  that  of  splenic  fever,  can  develope  spores,  and 
although  it  is  not  yet  definitely  proved,  yet  this  mode  of  growth  may  ulti- 
mately be  found  to  establish  a  distinct  line  of  demarcation  between  the 
organisms  to  be  classed  as  bacteria  and  those  to  be  included  under  the  name  of 
bacilli.  The  tubercle-bacillus  will  be  more  fully  described  under  Tubercle"; 
and  that  of  splenic  fever  under  Malignant  Pustule. 

The  germ-theory,  therefore,  of  infective  inflammations  is  that,  under 
certain  conditions,  parasitic  fungi  take  up  their  abode  in  a  part  of  the 
body,  fi'equently  already  damaged,  as  in  a  wound  or  a  centre  of  suppura- 
tion, and  then,  while  growing,  give  rise  to  a  process  of  fermentation  in  the 
fluids  of  the  part,  the  products  of  which  are  intensely  irritating  locally  and 
poisonous  if  absorbed  into  the  system.  When  they  enter  into  the  blood 
and  affect  the  whole  system,  the  organisms  are  supposed  to  act  partly  by- 
lodging  in  minute  vessels  and  exciting  a  process  of  inflammation  similar  to 
that  in  the  original  seat  of  disease  at  the  point  at  which  they  are  arrested,  and 
partly,  like  true  parasites,  by  absorbing  oxygen  and  other  nutriment  to  the 
detriment  of  the  tissues  of  the  body. 

Although  om-  acquaintance  with  the  relation  of  microscopic  organisms  to 
infective  processes  has  been  vastly  increased  of  late  years,  by  the  labours  of 
Pasteur,  Koch,  Toussaint,  Klebs,  Burdon-Sanderson  and  many  others,  yet  we 
are  very  far  from  possessing  a  complete  knowledge  of  the  whole  subject. 

Admitting  to  the  fullest  possible  extent  the  influence  of  pathogenic  fimo-i 
in  the  causation  of  infective  processes  in  wounds  and  elsewhere,  experience 
teaches  us  that  the  hygienic  surroundings  of  the  patient  exert  an  influence  of 
the  greatest  importance  in  their  development. 

Putrefaction  is,  as  we  all  know,  a  process  quite  independent  of  hygienic 
conditions  ;  a  dead  body  will  become  putrid  in  the  fresh  air  of  the  country 
just  as  surely  as  in  a  crowded  city,  and  in  the  same  way  pent-up  discharo-es 
will  putrefy  in  a  palace  as  certainly  as  in  the  foulest  dwelling  of  the  poor. 
Under  the  best  hygienic  conditions,  if  putrid  discharges  accumulate  in  a 
wound  or  in  the  cavity  of  an  opened  abscess,  local  inflammation  and  suppura- 
tion are  excited  and  union  of  the  wound  or  closing  of  the  abscess-cavity  is 
delayed.  The  local  and  constitutional  disturbance  Avill,  however,  be  less  than 
when  the  patient  is  exposed  to  bad  hygienic  conditions  ;  for  the  tissues 
being  better  nourished,  will  suffer  less  from  the  irritation  of  the  septic  matter 
and  the  septic  poison  entering  the  system  will  be  more  readily  eliminated 
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True  infective  processes  in  wounds  are  rare,  even  Avhen  the  discharges  arc 
decomposing,  unless  at  the  same  time  the  patient  is  exposed  to  unhealthy  sur- 
roundings. In  private  practice  erysipelas  is  uncommon,  pyajmia  is  scarcely 
ever  met  with,  and  hospital  gangrene  is  unknown,  even  when  no  special 
means  are  adopted  to  prevent  decomposition  of  the  discharges.  If,  however,  a 
number  of  patients  Avhose  wounds  are  treated  without  antiseptics,  be  crowded 
together,  as  in  the  case  of  the  wounded  after  a  battle,  even  if  it  be  in  a 
building  which  has  never  before  been  used  for  such  a  purpose,  infective  pro- 
cesses are  certain  to  manifest  themselves.  How  it  is  that  infective  processes 
characterised  by  the  presence  of  a  specific  virus  capable  of  transference  from 
one  individual  to  another,  make  their  appearance  under  unfavourable  hygienic 
conditions  is  still  far  from  being  fully  understood.  Assuming  that  the  micro- 
organisms constantly  associated  with  infective  iiiflanmiatious  really  stand  to 
these  processes  in  the  relation  of  cause  and  effect,  it  has  yet  to  be  determined 
whether  each  form  of  infective  inflammation  is  due  to  a  specific  organism 
constantly  present  in  the  air  or  in  water  and  ready  to  attack  the  patient  wheu 
the  unhealthy  surroundings  to  which  he  is  exposed,  or  other  causes  of  mal-nu- 
trition,  such  as  prolonged  wound-fever,  or  constitutional  disease,  have  reduced 
his  strength  so  far  as  to  make  it  possible  for  the  parasitic  fungi  to  invade  his 
body  ;  or  whether  simple,  non-pathogenic  organisms  may,  by  growing  in  the 
discharge  of  a  wound  rendered  unhealthy -by  putrefaction,  develope  a  virulence 
they  did  not  before  possess,  and  so  become  capable  of  invading  the  living- 
tissues.  This  subject  involves  the  Avhole  question  of  the  "  mutability  of  bac- 
teria," and  cannot  be  discussed  here.  Suffice  it  to  say  that  Koch  and  other 
observers  have  shown  that,  however  the  organisms  may  acquire  their  virulent 
properties,  and  whatever  may  be  their  origin,  when  a  characteristic  organism 
-has  been  found  associated  with  a  distinct  form  of  infective  inflammation,  it- 
can  be  transferred  from  animal  to  animal  by  inoculation  and  even  cultivated 
artificially  in  proper  media  outside  the  body ;  and  that  generation  after  genera- 
tion it  reproduces  itself  in  the  same  form,  and  when  inoculated  produces  the 
same  variety  of  infective  jwocess. 

Assuming  the  presence  of  pathogenic  organisms  in  the  surroundings  of  the 
patient,  how  do  they  gain  admission  to  the  system  ?  The  direct  inoculation 
of  a  wound  is  undoubtedly,  in  the  vast  majority  of  surgical  cases,  the  mode  of 
infection.  As  before  stated  (see  page  9),  the  air  of  a  hospital  ward  has 
been  shown  to  contain,  in  addition  to  fragments  of  clothing,  epithelium- 
cells,  &c.,  which  are  always  found  in  inhabited  rooms,  pus  cells,  fragments  of 
di'ied  scabs,  and  bacteria,  increasing  in  number  in  the  neighbourhood  of  a  foul, 
discharging  wound.  It  is  evident,  therefore,  that  unless  wounds  be  specially 
protected,  infection  of  one  from  another  may  most  easily  occur,  the  danger 
being  dhninished  proportionally  to  the  separation  of  the  jiaticnts  and  the 
freedom  of  admission  of  pure  air.  The  poison  can  also  undoubtedly  be  carried 
from  one  wound  to  another  by  dirty  instruments,  or  sponges,  or  by  the 
surgeon's  hands  or  clothes. 

It  cannot  be  denied,  however,  that  it  is  possible,  in  the  case  of  pathogenic 
organisms,  for  the  infection  to  reach  the  local  seat  of  inflammation  from  within. 
Microscopic  organisms  are  found  in  all  acute  abscesses  and  in  many  infective 
inflammations  in  which  there  is  no  open  wound ;  and,  unless  we  assume  that 
they  have  been  spontaneously  generated  Avithin  the  body,  we  must  admit  that 
they  have  found  their  way  in  by  the  lungs  or  alimentary  canal.    We  have 
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before  seen  that  this  mode  of  entrance  cannot  be  admitted  in  the  case  of 
the  ordinary  bacteria  of  decomposition ;  it  is  equally  certain  that  it  cannot  be 
denied  in  the  case  of  the  organisms  of  infective  inflammations.  Experience, 
however,  teaches  us  that  it  is  not  by  any  means  common  in  local  injuries  ;  for 
the  total  absence  of  organisms  from  a  wound  can  be  assured,  with  almost 
absolute  certainty,  by  means  calculated  only  to  protect  it  from  the  dust  of 
the  air. 

Lastly,  it  remains  to  be  discussed,  what  is  the  relation  of  ordinary  putrefac- 
tion to  the-  development  of  infective  inflammations  ? 

Ordinary  putrefaction  acts  both  generally  and  locally.  The  invasion  of  the 
living  tissues  by  an  infective  process  may  be  regarded  as  a  struggle  between 
the  \irus  and  the  tissues,  and  anything  that  lowers  the  vitality  of  the  latter 
will  favour  the  former.  The  putrefying  discharges  irritate  the  parts  with 
Avhich  they  come  in  contact  and  directly  lower  their  vitality,  as  is  evidenced 
by  the  inflammation  set  up ;  and  they  thus  favoui-  the  invasion  of  the  tissues 
by  the  pathogenic  bacteria.  This  would  be  only  in  harmouy  with  the  well- 
known  fact  common  to  the  animal  and  vegetable  kingdoms,  that  feeble 
individuals,  or  feeble  parts  of  an  individual,  ai'e  most  readily  invaded  by 
parasitic  fungi. 

The  inflammation  set  up  by  the  septic  matter  is  accompanied  by  a  more  or 
less  abundant  formation  of  pus ;  and  so  long  as  suppuration  lasts  we  have  iu 
the  wound  or  abscess  a  medium  in  which  any  pathogenic  fungi  which  may 
find  entrance  to  it  will  readily  develope. 

The  contrast  between  a  wound  healing  aseptically  by  the  first  intention 
and  one  in  which  septic  suppuration  is  taking  place  on  the  third  day  is  so 
marked  as  scarcely  to  require  comment.  In  the  former  case,  tissues  in  a  full 
state  of  vitality  are  separated  merely  by  a  thin  layer  of  plastic  exudation  so 
largely  composed  of  living  cells  that  it  may  fairly  be  regarded  as  living  tissue ; 
in  the  latter,  the  tissues  for  some  distance  on  each  side  are  lowered  in  their 
vitality  by  the  irritation  of  the  products  of  putrefaction,  and  are  separated 
from  each  other  by  a  fluid  which  forms  one  of  the  most  suitable  media  for  the 
development  of  any  true  infective  virus  that  may  find  admission  to  it. 

Generally  decomposition  of  the  discharges  acts  in  two  ways  :  first,  it 
depresses  the  patient  by  the  fever  caused  by  the  absorption  of  the  products 
of  putrefaction,  and  thus  renders  him  more  liable  to  suffer  from  any  general 
infective  jDrocess ;  and  secondly,  it  is  a  well-recognised  fact  that  the  emanations 
from  putrid  matter  exert  an  injurious  influence  on  the  health  of  those  that 
inhale  them — in  fact,  the  removal  of  putrescible  matter,  or  the  prevention  of 
its  decomposition,  forms  one  of  the  most  essential  features  of  domestic  and 
hospital  hygiene. 

No  greater  mistake  could  be  made,  however,  than  to  imagine  that  with  the 
prevention  of  putrefaction  all  necessary  hygienic  precautious  are  ended.  As 
before  pointed  out  (page  10),  the  products  of  respiration  foul  the  air  and 
exert  a  depressing  influence  on  those  Avho  breathe  it  to  a  degree  that  cannot 
be  over-rated  ;  and  there  is  no  doubt  that,  much  as  antiseptics  have  done  in 
the  prevention  of  infective  inflammations,  no  inconsiderable  part  of  im- 
provement in  the  results  of  modern  surgery  must  be  attributed  to  the 
greater  attention  paid  to  general  hospital  hygiene,  especially  to  the  improve- 
ments in  ventilation  and  the  avoidance  of  over-crowding. 

5.  runctional  Irritation.— Every  tissue  requires  a  periodic  rest  from  func- 
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tional  activity  for  healthy  nutrition,  but  it  is  very  seldom  that  the  want  of 
such  rest  can  act  as  more  than  a  predisposing  cause  of  iuflummation.  Occa- 
sionally, however,  inflammations  of  joints  or  of  the  eyes  seem  to  be  directly 
dependent  on  excessive  exercise  of  function. 

(),  Nervous  Irritants. — The  part  [tlayed  by  the  nervous  system  in  the  direct 
causation  of  inflammation  has  always  been  a  question  involved  in  considerable 
obscurity.  That  iuflammation  can  take  place,  and  readily  does  so,  in  a  part 
completely  cut  off  from  any  connection  with  the  central  nervous  system,  has 
been  proved  by  numerous  experiments  ;  in  fact,  such  a  condition  has  already 
been  described  as  a  predisposing  cause  of  the  process.  The  clinical 
phenomena  usually  given  as  examples  of  inflammation  arising  from  injurious 
influences  transmitted  to  the  affected  part  by  means  of  the  nervous  system, 
are  the  so-called  sympathetic  inflammations  of  the  eye  and  of  the  testicle,  and 
herpes  zoster.  In  the  eye,  it  is  a  well-known  fact  that,  when  one  globe  is. 
affected  by  destructive  inflammation  following  a  wound,  unless  the  diseased 
organ  is  removed  early,  the  other  eye  is  liable  also  to  become  inflamed.  The 
latest  observations  tend  to  prove  that  the  inflammation  in  such  cases  in 
reality  spreads  from  one  eye  to  the  other  by  direct  extension  along  the  optic 
nerve  to  the  commissure.  Gonorrhoeal  inflammation  of  the  testicle  is  in  like 
manner  now  usually  regarded  as  a  direct  extension  of  the  iuflammation  by 
means  of  the  vas  deferens.  Herpes  zoster  is  an  inflammation  of  the  skin 
arising  from  no  known  external  cause,  and  usually  limited  to  the  area  supplied 
by  a  single  sensory  nerve.  In  this  case  we  can  scarcely  doubt  that  the  cause, 
whatever  it  may  be,  acts  in  some  Avay  through  the  nerve.  Although  it  is 
difiicult  to  prove  that  the  nerves  take,  ordinarily,  any  active  part  in  the 
causation  of  inflammation,  there  is  no  doubt  they  exert  an  important  in- 
fluence on  its  progress  by  their  controlling  influence  on  the  circulation. 
IiTitation  of  a  sensory  nerve  is  known  to  cause  dilatation  of  the  vessels  in  the 
whole  area  supplied  by  the  nerve ;  and  the  painful  stretching  of  the  nerves  in 
inflammatory  tension,  by  causing  such  a  dilatation,  increases  the  l)lood  pressure 
in  the  inflamed  part,  and  consequently  augments  the  exudation  and  aggra- 
vates the  tension. 

Varieties  of  Inflammation. — John  Hunter  divided  inflammation  first 
into  two  kinds,  viz.,  the  healthy  and  the  unhealthy.  "  The  healthy,"  he  says, 
"probably  consists  only  of  one  kind,  not  being  divisible  but  into  its  different 
stages."  The  unhealthy,  admits  of  vast  variety,"  "  according  to  the  kind  of 
health  in  the  constitution  or  part."  He  also  divided  inflammation  according 
to  its  effects  into  "the  adhesive,  the  suppurative,  and  the  ulcerative." 
The  term  "  adhesive  inflammation "  has  taken  for  nearly  one  hundi-ed 
years  so  important  a  place  in  surgical  language,  that  it  will  be  better  here 
briefly  to  define  it.  Adhesive  inflammation  is  the  result  of  an  irritant  acting 
temporarily  with  such  a  degree  of  severity  as  to  cause  exudation  of  almost  pure 
blood-plasrna  and  migration  of  the  corpuscles,  with  coagulation  of  the  fibrin  in  or 
on  the  injured  tissues.  At  the  same  time,  the  damage  done  by  the  irritant  must 
not  be  of  such  severity  as  to  cause  the  death  of  any  appreciable  amount  of 
tissue  ;  nor  must  it  continue  to  act  after  it  has  produced  the  degree  of 
impaired  vitality  in  the  vessels  necessary  to  cause  the  exudation.  To  take  an 
example  ;  the  damage  done  by  the  passage  of  a  sharp  knife  through  healthy 
li-ving  tissues  is  sufficient  to  develope  in  the  area  acted  upon  the  stage  of 
inflammation  characterised  by  retardation  of  the  blood-stream,  exudation  of  a 
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coagulablc  fluid  and  migration  of  white  corpuscles.  The  exudation  coagulates 
on  the  injured  surface  and  in  the  spaces  of  the  injured  tissue,  the  fibrin  and 
tlie  white  corpuscles  remain  forming  what  is  known  as  "  inflammatory  lymph," 
and  the  serum  partly  drains  away  and  partly  returns  by  the  lymphatics  to 
the  circulation.  This  inflammatory  lymph,  or  plastic  exudation  as  it  is  better 
called,  is  the  material  of  adhesion  in  adhesive  inflammation,  and  if  two 
surfaces  covered  by  it  are  brought  in  contact,  they  adhere  to  each  other.  The 
knife  can  of  course  act  only  while  cutting  the  tissues  ;  the  moment  the  cut  is 
made  the  cause  ceases,  the  effect  only  being  left  behind.  If  no  new  cause  of 
irritation  comes  into  play  (such  as  the  friction  of  the  surfaces  on  each  other, 
or  the  presence  of  foreign  bodies,  or  chemical  irritants  as  putrid  matter,  per- 
sistently-acting, powerful  antiseptics,  &c.)  the  effect  gradually  subsides,  the 
injured  tissues  recover  their  vitality,  exudation  ceases,  the  coagulated  inflam- 
matory lymph  remaining  glueing  the  surfaces  to  each  other,  and  adhesive 
inflanunation  is  said  to  have  taken  place.  Should  some  persistent  source  of 
irritation,  such  as  those  above-mentioned,  be  brought  into  play  in  the  wound, 
the  exudation  does  not  cease  so  long  as  the  cause  of  irritation  is  acting  ;  con- 
sequently, such  "  inflammatory  lymph "  as  may  have  been  formed  by  the 
coagulation  of  the  exudation,  becomes  sodden  and  softened  by  the  continuous 
flow  from  the  vessels,  and  infiltrated  by  innumerable  migrating  corpuscles  till 
it  breaks  up  and  flows  away  as  pus,  and  "  suppurative  inflammation"  is 
said  to  have  been  developed.  At  the  same  time  that  this  is  taking  place,  the 
tissues  which  form  the  surfaces  of  the  wound,  being  unable  in  consequence  of 
the  presence  of  the  irritant  to  return  to  their  normal  state  of  vitality,  become 
infiltrated  by  innmnerable  ^^•andering  cells  which  fill  all  the  spaces  and  press 
upon  the  original  tissues,  finally  absorbing  them  and  occupying  their  place  ; 
thus  the  surface  of  the  wound  becomes  converted  into  a  layer  of  closely  packed 
leucocytes,  the  superficial  cells  of  which  are  continually  degenerating,  becoming 
loosened,  and  floating  away  in  the  discharge  as  pus-cells,  their  place  being 
taken  by  new  cells  forming  beloAv.  If  the  development  of  this  new  tissue  is 
equal  to  the  disintegration  and  destruction  on  its  surface,  pus  continues  to 
flow  away,  but  no  further  destruction  of  the  original  tissues  takes  place  ;  if  it 
exceeds  the  destruction,  vessels  develoj)e  in  the  new  tissue,  and  it  sprouts  up  as 
granulations  (see  Repair).  If,  in  consequence  of  a  higher  degree  of  irritation, 
the  destruction  exceeds  the  formation,  the  j)rocess  gradually  extends  into  the 
surrounding  tissues  ;  a  new  layer  becomes  infiltrated  by  migrating  ccUs, 
pressed  upon  and  absorbed,  and  its  place  occupied  by  the  crowded  leuco- 
cytes, which  in  their  turn  break  down  and  are  thrown  off,  and  thus  a  pro- 
gressive destruction  of  tissue  takes  place.  This  process  is  called  ulceration  ; 
or,  in  the  language  of  Hunter,  "ulcerative  inflammation"  is  said  to  be 
occurring.  If  the  irritation  be  still  more  severe,  the  migrating  cells  may 
perish  before  they  have  formed  a  distinct  layer  ;  and,  instead  of  °the  process 
just  described,  in  which  the  original  tissues  are  first  replaced  by  the  leucocytes 
which  then  break  down  and  melt  away  as  pus,  the  tissues  may  themselves 
undergo  direct  disintegration,  and  the  products  of  this  change  will  form  part 
of  the  discharge,  which  under  these  circumstances  will  contain  shreds  of 
the  broken-down  tissues  and  be  less  rich  in  leucocytes,  or  in  other  words 
in  pus-cells.  Thus  in  rapid  ulceration  the  discharge  may  be  scarcely  puriform, 
but  composed  of  serous  fluid  with  the  debris  of  the  perishing  tissues.  Lastly', 
if  the  irritation  be  still  moi-e  intense  and  rapid  in  its  action,  or  the  orio-inal 
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Titali ty  of  tlie  affected  part  so  low  that  it  is  incapable  of  resisting-  even  mild 
injurious  influences,  the  death  of  the  original  tissue  will  take  place  with  such 
rapidity  that  the  dead  mass  will  be  visible  to  tlie  naked  eye,  forming  a  slough, 
and  the  process  is  then  spoken  of  as  gangrenous  inflammation.  Thus 
there  is  no  sharp  line  to  be  drawn  anywhere  between  simple  adhesive  and 
gangi-enous  inflammation.  One  form  merges  into  another,  and  the  effect  pro- 
duced is  proportional  to  the  degTce  of  irritation,  and  the  power  of  the  tissues 
to  resist  the  injurious  action  of  the  irritant. 

Inflammations  are  also  frequently  divided,  according  to  their  real  or  supposed 
causes,  as  Traumatic,  when  arising  from  injury,  Strumous,  Rheumatic, 
Gouty,  Syphilitic,  etc.,  and  finally,  Avhen  the  cause  cannot  be  discovered,  they 
are  often  called  idiopathic. 

Perhaps,  liowever,  the  most  important  distinction  is  into  Simple  localised 
inflammations  and  Spreading  inflammations.  The  simple  localised  in- 
flammations are  due  to  causes  wliich  act  usually  only  on  a  limited  area  and  in 
a  tem]K)rary  manner.  A  spreading  inflammation  is  one  in  which,  the  cause  is 
of  such  a  nature  as  to  be  continuously  developed  either  in  contact  with,  or  in 
the  affected  tissues,  and  which,  consequently,  extends  more  or  less  widely 
beyond  the  area  first  affected. 

The  most  joerfect  example  of  a  simple  inflammation  is  that  produced  by  the 
action  of  a  sharp  knife  on  the  living  tissues.    Here  the  cause  is  nearly 
instantaneous  in  action,  and  ceases  as  soon  as  the  cut  is  made.    The  effect  is 
accurately  limited  to  the  area  injured ;  and,  unless  some  new  cause  be  intro- 
duced, the  resulting  inflammation  will  not  extend,  and  will  subside  as  soon 
as  the'  tissues  by  their  inherent  vital  powers  have  recovered  from  the  injury. 
It  is  famihar,  however,  to  everyone  that  this  favourable  result  is  not  always 
obtained.    In  many  wounds,  the  sig:ns  of  inflammation,  in  spite  of  our  efforts 
to  ]")re^■eIlt  it,  extend  more  or  less  widely  beyond  the  injured  area,  and  reach 
their  maximum  intensity  at  the  third  or  fourth  day — a  time  long  after  that 
at  which  the  tissues  should  have  completely  recovered  from  the  temporary 
damage  done  them  by  the  mechanical  violence  of  the  knife.    It  is  evident 
that  here  there  is  a  new  cause  introduced  which  acts  much  more  widely  than 
the  original  injuiy.    The  inflammation  has  assumed  a  spreadiug  instead  of  a 
simple  character.    The  spreading  character  may  be  due  to  one  of  two  classes 
of  causes.  Either  there  may  be  some  noxious  material  developed  in  the  wound, 
and  in  it  only,  which  soaks  away  into  the  suiTounding  tissues,  exciting 
inflammation  as  far  as  it  extends  ;  or  the  noxious  material  which  excites  the 
inflammatory  process  may  have  started  from  the  wounrl  and  be  developing- 
amongst  the  li\-iug  tissues  themselves,  and  consequently  be  theoretically 
capable  of  almost  indefinite  extension.    The  former  condition  is  still  a  simple 
inflammation,  although  extending  beyond  the  area  first  injured  ;  the  latter  is 
a  true  infective  process.    To  make  this  more  clear,  it  will  be  better  to  give 
examples  of  these  two  forms  of  inflammation,  taking  as  before  a  wound  as 
the  starting  point.    As  a  result  of  the  simple  traumatic  inflammation  which 
follows  as  the  necessary  consequence  of  the  injury,  a  certain  amount  of  exuda- 
tion takes  place.    The  fibrin,  as  before  described,  coagulates  on  the  surface, 
entaiigling  the  corpuscles  in  its  meshes,  while  the  serum  flows  away.    If  from 
any  cause  the  seram  becomes  retained  between  the  surfaces  of  the  wound,  we 
have  a  putrescible  fluid  at  some  degree  of  pressure  in  contact  with  the  raw 
surfaces,  and  unless  special  means  are  taken  to  prevent  it,  decomposition  will 
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take  place.  As  a  result  of  this  process,  readily  diffusible,  chemical  products 
are  formed,  possessing  intensely  irritating  properties  ;  and  in  consequence  of 
the  slight  degree  of  pressure  to  Avhich  the  pent-up  fluid  is  exposed,  this  noxious 
material  finds  its  way  into  the  surrounding  lympli-spaces,  and  wherever  if 
goes  it  damages  the  tissues  and  sets  up  the  inflammatory  process.  In  this 
case,  however,  the  irritating  material  is  formed  solely  in  the  dead  matter  in 
the  wound.  Experiments  have  shown  that  the  organisms  which  accompany 
and  are  supposed  to  cause  the  process  of  putrefiiction  of  dead  matter  are 
innocuous  to  living  tissues,  and  consequently  the  inflammation  will  extend 
only  as  far  as  the  products  of  putrefaction  diffuse  tliemselves  and  no  further. 
Thus,  although  the  inflammation  sjoreads  beyond  the  area  originally  injured, 
the  process  is  as  truly  a  local  one  as  if  it  were  induced  by  filling  the  wound 
Avith  arsenic  or  some  other  diffusible  caustic.  Although  the  poison  increases 
in  quantity,  it  does  so  only  at  the  expense  of  dead  matter  in  the  Avound  which 
may  be  considered  as  really  outside  the  body. 

The  true  infective  inflammations  are  due  to  the  accidental  intro- 
duction of  a  poison  or  virus  Avhich  possesses  the  power  of  increasing  in 
quantity  in  the  living  tissues.  The  effect  produced  is,  therefore,  quite  in-e- 
spective  of  the  size  of  the  original  Avound  or  starting  point  of  tlie  inflammation. 
Thus  the  prick  of  a  needle  iu  sewing  up  a  body  after  a  post-mortem  examina- 
tion, may  start  an  inflammation  extending  through  the  AA'hole  arm.  In  an 
infectiA^e  process  of  this  kind  the  virus  exists  abundantly  in  the  products  of 
the  inflammation,  that  is  to  say,  in  the  inflammatory  exudation,  and  if  by  any 
means  these  products  are  transferred  fi-om  one  part  of  the  body  to  another, 
they  set  up  a  similar  unhealthy  inflammation  whereA'er  they  may  lodge :  and,  in 
like  manner,  a  similar  inflammation  may  be  started  in  another  individual  by 
inoculation  of  the  exudation.  The  local  spread  of  the  inflammation  is  due  to 
the  irritating  inflammatory  products  containing  the  ferment-like  poison  finding 
theii'  Avay  into  the  lymph-spaces  of  the  surrounding  tissues.  An  infective 
inflammation  may  be  limited  to  one  part  of  the  body,  and  spread  merely 
local  infection  as  in  spreading  gangrene  and  phlegmonous  erysipelas ;  or  the 
poison  may  be  taken  up  by  the  lymphatics,  and  cause  inflammation  similar  in 
character  to  the  original  process  in  the  nearest  lymphatic  glands  without 
infecting  the  system  generally,  as  in  soft  chancre  and  some  forms  of  dissecting 
wound ;  or  it  may  be  carried  throughout  the  body  l)y  means  of  broken-doAvn 
clots  from  the  veins  of  the  primary  seat  of  disease,  giving  rise  to  local  inflam- 
mation Avherever  the  fragments  of  clot  may  lodge,  as  in  some  forms  of  pyemia ; 
and,  lastly,  the  poison  may  enter  the  blood  and  multi]->ly  in  it,  givino-  rise  to 
a  general  infective  process  as  in  septic  infection,  malignant  pustule '(splenic 
fever)  or  syphilis.  The  term  "infective"  is,  therefore,"applied  only  to  those 
conditions  in  Avhich  the  poison  multiplies  in  the  \\ymg  tissues  of  "the  body; 
Avhen  the  infection  merely  spreads  locally  Avithout  affecting  the  whole  svstcm' 
the  result  is  called  a  local  infective  inflammation  ;  when  the  poison "entcre 
the  system  and  multiplies  throughout  it,  presumably  in  the  blood,  tlie  affection 
is  spoken  of  as  a  "general  infective  process."  The  multiplication  of  the 
poison  in  the  body  and  the  effect  produced  not  being  proportional  to 
the  quantity  originally  inoculated,  long  ago  suggested  the  resemblance  of  the 
process  by  which  the  poison  is  developed  to  fermentation ;  and  in  a  laro-e 
number  of  infective  inflammations,  organised  irritants  in  the  form  of  definite 
pathogenic  f  imgi,  supposed  to  be  capable  of  acting  as  ferments,  have  been  lately 
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shown  to  be  constantly  present  in  the  inflamed  area.  This  is  the  case  in 
cutaneons  erysipelas,  spreading-  gang-rene,  malignant  pnstule,  glanders,  &c. 
On  the  other  hand,  no  definite  organisms  have  as  yet  been  discovered  in  many 
other  distinctly  infective  processes,  as  syphilis  and  soft  chancres,  and  it  is  open, 
therefore,  to  snppose  that  in  these  cases  the  poison  may  be  an  unorganised 
fermcTit.  When  a  definite  organism  is  constantly  found  associated  with  a 
specific  form  of  inflammation,  and  when  it  retains  its  power  of  inducing  a 
similar  inflammatory  process  if  inoculated  into  a  healthy  animal,  even  after 
being  cultivated  in  artificially  prepared  solutions  for  one  or  two  generations, 
the  organism  may  fairly  be  presumed  to  be  the  direct  cause  of  the  inflammatory 
process,  and  the  exact  mode  in  which  it  acts,  though  of  great  interest  scien- 
tifically, is  of  little  importance  to  the  practical  surgeon,  and  need  not  be 
discussed  here.  Such  an  organism  is  the  bacillus  anthracis  of  splenic  fever  in 
cattle,  and  malignant  pustule  in  man ;  and  as  this  disease  serves  as  a  type  of 
such  processes,  the  reader  is  referred  to  the  chapter  on  malignant  pustule  for 
fidler  information. 

Inflammation  is  also  divided  into  acute  and  chronic,  according  to  its 
intensity  and  duration.  The  symptoms,  terminations  and  effects  that  have 
already  been  described  are  those  which  characterise  the  more  acute  and 
ordinary  forms  of  tlie  process.  Chronic  inflammation  will  be  described  in  a 
subsequent  part  of  this  chapter.  So-called  catarrhal  inflammation  will  also  be 
described  separately. 

Phlegmonous  is  a  term  applied  to  an  acute  inflammation  in  which  the 
cardinal  sym})toms — redness,  swelling,  heat  and  pain — are  well  marked. 

Inflammations  of  organs  are  also  divided  into  interstitial  and  parenchy- 
matous. By  the  former  term  is  meant  that  the  process  is  either  limited  to  or 
most  marked  in  the  interstitial  fibrous  tissue  of  the  organ ;  by  the  latter  that 
the  special  structures,  as  the  epithelium  of  glands,  are  the  primary  seat  of  the 
morlud  process,  such  change  as  there  may  be  in  the  interstitial  tissues  being 
secondary. 

Croupous  inflammation  is  a  term  applied  to  the  process  when  it  is 
accompanied  by  a  firmly  coagnlatcd  fibrinous  exudation,  either  on  the  surface 
of  a  membrane  or  the  spaces  of  its  tissue. 

The  Iiocal  Signs  of  inflammation  may  be  referred  to  five  heads :  viz., 
1.  Alteration  in  Coloiir ;  2.  Alteration  in  Size;  3.  Modification  of  Senmtion; 
4.  Increase  of  Temperature ;  and  5.  Modification  of  Function  of  the  Part  Affected. 
The  first  four  of  these,  redness,  swelling,  heat  and  i)ain  {Rnl)or  et  Tvmor  cum 
Calore  et  Dolore:  Celsus),  have  been  described  from  time  immemorial  as  the 
cardinal  symptoms  of  inflammation.  Certain  of  these  conditions  may  occur 
separately,  or  two  or  more  may  be  associated  togetlier,  without  the  existence  of 
inflammation:  but  it  is  the  peculiar  grouping  together  of  them  all  that  most 
distinctly  characterises  the  presence  of  this  pathological  condition.  The 
relative  intensity  of  these  changes  varies  greatly,  according  to  the  tissue  which 
is  the  seat  of  the  inflammation;  thus,  in  inflammation  of  mucous  membranes 
and  of  the  skin,  the  alteration  in  colour  is  most  marked :  in  inflammation  of 
the  areolar  tissue,  the  change  in  size  always  attracts  special  attention ;  and 
when  a  fibrous  tissue  is  inflamed,  its  sensibility  becomes  greatly  increased.  It 
must  not  be  forgotten,  however,  that  one  or  other  of  these  signs  may  be  absent, 
esj^ecially  pain  and  heat. 

1.  Alteration  of  Colour  is  invariably  a  local  sign  of  inflammation,  and 
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one  of  the  earliest  and  most  striking;  parts  that  are  naturally  perfectly 
pale,  as  the  ocular  conjunctiva,  assuming  the  most  vivid  red  colour  when 
inflamed.  The  redness  is  due  to  the  dilatation  of  the  vessels  and  the 
accumulation  of  red  corpuscles,  and,  in  very  acute  inflammations,  partly 
to  the  escape  of  the  red  corpuscles  from  the  vessels.  The  redness  of  acute 
inflammation  varies  with  the  intensity  of  the  process.  Where  there  is  merely 
determination  of  blood  it  disappears  completely  and  readily  on  jjressure  with 
the  finger,  returning  again  with  the  greatest  i^ossiLlc  rapidity  the  moment 
the  finger  is  removed.  When  the  circulation  is  retarded,  the  redness  dis- 
ajjpears  and  returns  more  slowly,  and  a  few  red  spots  may  remain  unaltered 
by  pressure.  These  are  either  points  at  which  the  process  has  reached  the 
stage  of  stasis,  or  at  which  red-corpuscles  have  escaped  from  the  distended 
capillaries  into  the  surrounding  tissues.  The  tint  of  the  redness  varies  also 
according  to  the  activity  of  the  circulation  through  the  inflamed  area.  When 
the  flow  through  the  vessels  is  free  and  rapid,  the  inflamed  surface  assumes  a 
bright  scarlet  tint ;  but  where  there  is  a  tendency  to  stagnation,  either  from 
the  feel)le  state  of  the  patient's  circulation,  or  from  the  inflammation  having 
approached  the  stage  of  stasis,  the  colour  becomes  a  dull  purple.  The  change 
from  bright  red  to  dusky  purple  is  well  seen  in  phlegmonous  erysipelas,  when 
the  circulation  through  the  inflamed  skin  becomes  impeded,  and  gaugi-ene  is 
threatening.  After  acute  inflammation  it  is  fi'equently  weeks  or  even  months 
before  the  vessels  regain  their  normal  tone,  and  until  this  has  taken  place,  a 
certain  degree  of  redness  will  I'emain, 

Redness  is  not,  however,  a  constant  aj)pcarance  in  inflammation.  In  non- 
vascular parts  it  occurs  in  the  nearest  vascular  tissues,  and  not  in  the  part 
actually  suflFering  from  inflammation.  In  inflammation  of  the  iris  the 
dilated  vessels  are  concealed  by  the  pigment  and  the  change  of  tint  is  from 
the  natural  brownish  or  bluish  colour  to  a  greyish  or  greenish,  in  consequence 
of  a  yellow  tinge  given  to  the  aqueous  humour,  by  the  serous  exudation 
into  it. 

The  redness  of  inflammation  disappears  more  or  less  completely  after 
death.  Where  there  has  been  escape  of  the  red-corpuscles  red  spots  remain, 
gi^-ing  rise  to  the  appearance  known  as  "  punctiform  redness."  In  septicfemia, 
pya3mia,  and  malignant  forms  of  the  acute  specific  diseases,  the  red  corpuscles 
break  up  in  the  blood  before  death,  staining  the  serum  and  the  lining  mem- 
brane of  the  heart  and  great  vessels.  A  similar  staining  always  takes  place 
after  decomposition  has  set  in.  It  is  perfectly  uniform,  without  spots  or 
branching  lines,  and  nmst  lie  carefully  distinguished  from  the  redness  of 
inflammation.  Increased  redness  developes  also  in  the  most  dependent  parts 
after  death  from  gravitation  of  blood  before  coagulation.  Thus  a  coil  of 
intestine  hanging  down  in  the  cavity  of  the  pelvis  may  become  redder  than 
the  rest  of  the  gut,  and  may  he  wrongly  thought  to  be  inflamed. 

2.  Alteration  in  Size, — The  swelling  of  inflamed  tissues  is  due  to  the 
increased  afflux  of  blood  and  to  the  exudation  from  the  vessels. 

The  swelling  varies  greatly  in  different  localities.  It  is  greatest  in  loose 
textures,  and  least  in  those  which  are  firm  and  dense.  Thus,  for  instance  in 
inflammation  of  the  areolar  tissue  of  the  scrotum,  the  swelling  is  much  o-reater 
than  in  inflammation  of  the  testes.  Inflammation  of  the  conjunctiva 
occasions  great  swelling,  that  of  the  sclerotic  but  little.  In  dense  hard 
structures,  such  as  bone  and  ligament,  there  is,  of  course,  very  little  swelling'-. 
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If  inflammation  become  chronic,  the  swelling  may  terminate  in  permanent 
Jiypertrophy,  or  thickening,  as  will  hereafter  be  described. 

Swelling  diminishes  in  most  cases  after  death,  by  the  em})tying  of  the 
vessels,  bnt  never  completely  disappears,  and  is  consequently  an  important 
post-mortem  sign  of  inflammation. 

3.  Modification  of  Sensibility. — There  is  in  inflammation  always  more  or 
less  pain,  which  is  due  partly  to  increased  sensibility  of  the  nerves,  but  chiefly 
to  the  pressure  and  stretching  exercised  on  their  terminal  branches  by  the 
dilated  blood-vessels,  and  by  the  inflammatory  exudation. 

That  the  pressure  of  the  dilated  blood-vessels  really  is  a  cause  of  the  pain 
in  inflammation  is  shown  by  the  relief  derived  from  the  elevation  of  an 
inflamed  part.  In  inflammation  of  the  testicle  this  is  especially  marked,  as 
the  veins  leading  from  that  gland  are  valveless,  and  in  the  erect  position  the 
Aveight  of  a  column  of  blood,  two  feet  or  more  in  leugth,  acts  upon  the  vessels 
and  tends  to  increase  the  intra-vascular  pressure.  AVe  frequently  find,  there- 
fore, that  the  patient  is  absolutely  free  from  pain  while  lying  flat  on  his  back ; 
but  the  moment  he  rises  into  the  erect  position  the  characteristic  sickening, 
aching,  and  throbbing  sensations  retnrn. 

In  inflammation  of  organs  of  special  sense,  instead  of  actual  jiain  there  may 
be  some  alteration  in  the  special  nervous  sensibility  of  the  diseased  organ. 
When  the  eye  is  inflamed,  subjective  flashes  of  light  may  be  seen  ;  when  the 
ear  is  diseased,  there  may  be  noises  of  various  kinds. 

In  inflammation  of  the  bladder,  there  is  a  constant  desire  to  expel  urine  ; 
and  in  inflammation  of  the  rectum,  there  are  frequent  attempts  at  defiecation. 

Pain  is  one  of  the  most  prominent  symptoms  of  inflammation,  and  its 
existence  serves  an  useful  ]iurpose  by  preventing  the  patient  from  using  or 
moving  the  inflamed  part.  The  intensity  of  the  pain  depends  more  upon  the 
structure  afiected  than  on  the  violence  of  the  inflammation,  being,  as  a  general 
rule,  greater  in  proportion  as  the  tissue  aflTected  is  incapable  of  yielding  to 
the  pressure  exercised  on  it  by  the  dilated  vessels  and  the  effused  matters. 
Hence,  in  general,  the  intensity  of  the  pain  is  in  the  inverse  ratio  of  the 
swelling  of  the  part.  Thus,  the  pain  of  inflamed  bone  or  fibrous  tissue  is 
excessive  ;  that  of  areolar  tissue  trifling.  In  erysii)elas  of  tlic  scalp,  most 
pain  is  experienced  in  the  ears  ;  the  pain  of  an  inflamed  sclerotic  is  far  gTcater 
than  that  of  a  conjunctiva  similarly  affected.  In  some  forms  of  inflammation 
pain  can  scarcely  be  said  to  exist,  though  the  disease  may  assume  the  most 
destructive  form ;  thus,  in  certain  inflammatory  affections  of  the  throat  and 
of  the  peritoneum,  there  is  little  or  none. 

The  character  of  pain  varies  according  to  the  scat  of  inflammation.  When 
mucous  membranes  suffer,  it  is  often  of  an  itching  or  burning  character,  as  in 
conjunctivitis  ;  when  the  serous  membranes  of  the  chest  or  abdomen  are  at- 
tacked, it  is  lancinating  or  stabbing ;  aching  in  osteitis ;  throbbing  when  pus 
is  about  to  form  ;  sickening  when  the  testis  is  affected.  Inflammatory  pain 
is  always  increased  by  pressure  ;  when  it  is  ]-»roduced  principally  by  pressure, 
the  part  is  said  to  be  tender.  This  tenderness  is  of  great  service  in  a  diagnos- 
tic point  of  view  ;  it  may  be  elicited  by  direct  pressure  upon  the  part,  as  by 
squeeziug  an  inflamed  testis,  or  by  pressing  two  surfaces  together,  as  in  an 
inflamed  joint.  In  inflammatory  pain,  especially  of  osseous  and  fibrous  tissues, 
there  is  very  C(nnmonly  nocturnal  exacerbation. 

It  is  important  to  bear  in  mind  that  inflammatory  pain  is  often  not  confined 
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to  the  part  affected,  but  radiates  extensiyely  along  the  course  of  nerves,  of 
which  the  terminal  1)ranches  are  implicated,  perhaps,  only  to  a  limited  extent. 
Thus,  in  inflammation  of  the  testis  there  is  pain  in  the  loins  and  groins. 
In  deep-seated  ophthalmitis  there  may  be  exquisite  pain  along  the  branches 
of  the  fifth  ner^•e  over  the  ^vhole  side  of  the  head  or  face,  in  consequence 
of  the  ciliary  branches  of  the  nasal,  which  are  distributed  to  the  iris  and 
choroid,  becoming  compressed  or  stretched. 

4.  The  Temperature  of  an  external  part  of  the  body  when  inflamed  rises 
above  its  normal  standard,  but  not  above  that  of  the  blood  in  the  left  ventricle. 
In  inflammation  of  internal  organs,  the  temperature  rises  only  as  the 
general  heat  of  the  body  is  elevated  by  the  inflammatory  fever.  John  Hunter 
originally  pointed  out  this  fact ;  he  found,  in  a  case  of  hydrocele,  that  a 
thermometer  inserted  into  the  tunica  vaginalis  stood  at  02""  F.  before  inflam- 
mation had  been  excited  in  the  sac,  and  at  98-75°  F.  after  it  had  been  set  up. 
The  conclusion  to  be  drawn  from  these  facts  is,  that  the  increased  temperature 
in  inflammation,  when  it  occurs,  is  due  to  the  flow  of  a  larger  quantity  of  blood 
through  the  part  and  not  to  a  development  of  heat  in  the  part  itself,  dependent 
on  increased  tissue-change.  This  view  has  been  confirmed  by  the  most  recent 
observations,  carried  out  with  the  greatest  exactitude  by  the  thermo-electric 
apparatus.  The  opposite  vicAV  has  been  maintained  by  J.  Simon,  0.  "Weber  and 
others.  The  facts  that  a  thermo-electric  apparatus  has  been  found  necessary 
to  measure  the  variations  in  heat,  and  that  observers  of  the  greatest  eminence 
have  held  opj^osite  views,  are  sufiicicnt  to  show  that,  even  supposing  heat  to  be 
developed  locally  in  inflammation,  it  cannot  be  in  sufficient  quantity  to  have 
any  appreciable  effect  on  the  general  temperature  of  the  body  or  on  the  local 
processes  in  the  inflamed  part.  To  the  j^atient,  however,  there  appears  to  be  a 
real  rise  of  temperature — as  Travers  truly  remarks,  *'  The  nerves  measure  the 
sensation  and  nut  the  degree  of  heat."  In  many  cases  the  sensation  of  the 
patient  is  that  of  hirning  in  the  part,  although  the  actual  rise  in  temperature- 
]nay  be  but  trifling.    This  is  owing  to  the  exalted  sensibility  of  the  nerves. 

5.  Modification  of  Function  invariably  occurs  in  inflammation,  and 
furnishes  important  local  symptoms.  The  Functional  Adiriii/  of  an  organ  is 
decreased  or  abolished  during  acute  inflammation.  As  acute  inflammation  is 
always  the  result  of  some  injurious  influence  which  lowers  the  vitality  of  the 
affected  part,  it  is  evident  that  this  must  be  the  case.  The  condition  is 
exaggerated  in  some  cases  by  the  pain,  the  disordered  circulation,  and  the 
pressure  from  exudation.  An  inflamed  muscle  is  impaired  in  its  power  of 
contraction,  and  an  inflamed  gland  either  ceases  to  secrete  or  yields  a  secre- 
tion altered  in  composition  by  the  admixture  of  products  of  inflammation. 
The  mihiral  nse  of  a  part  is  often  interfered  with  ;  thus  the  bladder  can 
contain  no  urine,  the  eye  can  l)ear  no  light,  nor  can  a  joint  be  moved,  when 
inflamed.  The  normal  processes  of  mdriiion  are  either  modified  or  an-ested  : 
hence  softening,  degeneration,  or  even  death  of  the  affected  tissues,  are  common 
accompaniments  of  inflammation. 

Constitutional  Symptoms.— The  severity  of  the  constitutional  symptoms 
wall  depend  on  the  intensity,  the  extent,  and  the  nature  of  the  inflammation, 
on  the  previous  state  of  the  i^atient's  health,  and  on  the  vital  importance  of 
the  part  affected.  Thus  a  moderate  degree  of  inflammation  in  a  part  of  no 
A-ital  importance,  as  the  skin,  and  occasioned  liy  an  external  cause,  as  an 
abrasion,  gives  rise  to  no  appreciable  constitutional  disturbance  ;  but  if  the 
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part  affected  be  of  o-reat  importance,  as  the  larynx  or  the  kidney,  the  general 
symptoms  are  proportionally  severe.  The  natm-e  of  the  iuflannnation  and 
of  its  canso  exerts  more  influence  than  any  other  condition  in  the  constitu- 
tional effects.  Simple  traumatic  inflammation  gives  rise  to  S}Tnptoms  of 
slight  severity  and  short  duration  ;  ^vhile  septic  and  infective  inflammations 
may  prove  fatal  hy  the  disturbance  they  cause  in  the  system  generally  rather 
than  by  their  local  effects.  Thus  a  simple  fracture,  although  followed  by 
considerable  inflannnatory  swelling,  causes  but  slight  constitutional  dis- 
turbance; while  a  poisoned  wound  may  prove  fata],  though  the  local  inflam- 
mation may  affect  only  the  last  phalanx  of  a  finger. 

The  constitutional  disturbance  in  inflammation  always  assumes  the  form  of 
fever. — Inflammatory  or  Symptomatic  Fever. — Inflammatory  fever  is 
invarial)ly  secondary,  being  a  consequence  of  the  local  aftection.  It  is  thus 
clearly  distinguished  from  the  so-called  "  essential "  fevers,  in  which  the  febrile 
condition  occurs  either  Avithout  any  local  inflammation  or  precedes  the  local 
affection  by  a  distinct  interval,  as  in  the  acute  specific  diseases.  The  one 
essential  symptom  of  all  forms  of  fever  is  elevation  of  the  temperature  of  the 
body,  or  pyrexia;  without  this,  fever  cannot  be  said  to  be  present.  It  is 
impossible  here  to  discuss  the  theories  as  to  the  nature  of  fever,  but  the 
folloAving  facts  may  be  given  as  generally  agreed  upon  and  common  to  all 
forms  of  fever. 

In  fever  there  is  an  increased  production  of  heat,  not  merely  a  dimin- 
ished loss.  This  is  proved  l)y  the  evidence  of  excessive  tissue-change, 
such  as  the  disappearance  of  fat,  the  wasting  of  the  muscles,  the  increased 
excretion  of  urea  and  carbonic  acid.  There  is  also  a  considerable  increase  in 
the  loss  of  water  by  the  lungs,  and  often  also  from  the  skin.  It  is  possible 
that  in  some  cases,  such  as  the  rigor  following  operations  on  the  genito- 
urinary organs,  the  contraction  of  the  cutaneous  vessels  may  act  as  one  of  the 
causes  of  the  elevation  of  temperature  by  diminishing  the  loss  of  heat  from  the 
skin ;  but  this  is  merely  an  accidental  condition  and  not  an  essential  feature 
of  fever. 

The  increased  production  of  heat  takes  place  throughout  the  body,  being 
probably  most  active  in  the  muscles  and  glandular  viscera.  It  is  certainly 
not  developed  to  any  apprccialjle  extent  in  the  inflamed  area,  for,  as  before 
stated,  the  latest  observations  tend  to  prove  that  there  is  no  elevation  of 
temperature  beyond  that  of  the  blood  in  the  part  actually  inflamed ;  and,  even 
supposing  that  these  observations  are  in  error,  it  is  evident,  from  the  difficulty 
in  detecting  it,  that  the  heat  developed  in  the  area  of  inflammation  must  be 
in  extremely  small  amount,  and  quite  insufficient  to  account  for  the  elevation 
of  the  temperature  of  the  whole  body  by  several  degrees.  The  fever  is  not 
caused  by  the  pain  usually  accompanying  inflammation ;  for  experiments  have 
shown  that  irritation  of  sensory  nerves  tends  rather  to  lower  the  temperature 
by  causing  a  ce?tain  degree  of  shock. 

It  has  been  clearly  proved  by  experiment  that  fever  can  be  induced  by 
injecting  into  the  blood-stream  noxious  materials  of  various  kinds.  Substances 
which,  when  thus  injected,  cause  fcA'cr  are  said  to  possess  pjrogcim  pro- 
perties:' Amongst  the  substances  possessing  marked  pyrogenic  properties  is 
the  lymph  returning  from  an  inflamed  area,  charged,  as  it  is,  with  the  pro- 
ducts of  the  destructive  changes  which  are  going  on  in  the  part.  It  has  been 
before  stated  how  largely  the  flow  of  lymph  is  increased  during  acute  inflam- 

N  2 


i8o        LOCAL  DISTUBBAXCES  AXD  INFLAMMATIOX. 


mation,  ounces  returning  from  the  diseased  part  where  drachms  return  from 
the  corresponding  sound  part.    It  is  evident,  tlicrefore,  that  the  effect  pro- 
duced on  tlic  ])lood  dui-ing  inflammation  may  be  very  considerable,  and  will 
vary  with  the  extent  of  the  inflammation  and  the  amount  of  local  destructive 
tissue-change  which  is  going  on.    One  substance,  which  must  frequently  be 
present  in  considerable  quantities  in  the  lymph  returning  from  an  inflamed 
area,  viz.,  the  so-called  "  flbriu-ferment,"  possesses  very  powerful  pyrogenic 
properties.    This,  it  will  be  rememl)cred,  is  the  third  element  which  is  con- 
cerned in  the  coagulation  of  fibrin.    It  is  of  doubtful  composition,  but 
is  supposed  to  be  yielded  up  by  the  white  corpuscles  which  become  des- 
integrated  during  the  process  of  clotting  of  the  blood.    It  is  found  in  con- 
siderable excess  in  the  serum,  which  can  be  squeezed  out  of  a  freshly  foi-med 
coagulum  ;  and  as  coagulation  of  an  inflammatory  exudation  is  the  same 
process  as  coagulation  of  the  blood,  it  may  be  reasonably  concluded  that 
fibrin-ferment  exists  in  considerable  amount  in  the  serous  fluid  that  drains 
away  from  a  surfxce  or  an  area  in  which  an  inflammatory  exudation  is 
coagulating,  to  form  the  so-called  "  plastic  lymph."    Kohler,  Edelberg,  Birk, 
and  others  have  investigated  the  effects  of  the  injection  of  the  free  ferment 
into  the  circulation  of  living  animals,  and  have  found  that  in  very  large  doses 
it  causes  rapid  coagulation  of  the  l)lood  in  the  right  side  of  the  heart  and 
death.    In  smaller  doses  it  gives  rise  to  a  febrile  disturbance  closely  resembling 
that  produced  by  the  injection  of  putrid  substances.    The  fever  varies  in 
intensity  with  the  quantity  of  the  ferment  injected  ;  and,  if  this  be  sufficiently 
small,  the  animal  recovers  without  serious  symptoms  after  an  elevation  of 
temperature  of  short  duration.    There  seems  no  reason  to  doubt  the  accuracy 
of  these  observations.    Large  numbers  of  white  corpuscles  arc  known  to 
become  disintegrated  in  the  process  of  coagulation,  either  of  pure  blood  or  of 
an  inflammatory  exudation.    The  theory  oV'fcrment-poisoninn  "  may  thus,  in 
part  at  least,  account  for  the  fever  that  always  accompanies  simple  inflammations 
and  large  wounds,  even  with  aseptic  discharges,  and  that  occasionally  follows 
extensive  extravasations  of  blood.    Only  under  very  exceptional  circumstances 
in  the  human  subject  could  the  dose  of  the  ferment  be  sufficient  to  cause 
the  more  severe  symptoms  that  have  been  experimentally  produced  in  animals  ; 
but  possibly  the  explanation  of  some  cases  of  death  from  cardiac  thrombosis,  that 
is  to  say,  ante-mortem  coagulation  of  the  blood  in  the  right  side  of  the  heart 
and  the  pulmonary  artery,  may  be  found  in  the  presence  of  an  excess  of  free 
fibrin-ferment.    The  fever  produced  by  the  entrance  into  the  circulation  f)t' 
the  products  of  healthy  inflammation  is  the  only  form  to  which  the  term 
inflammatory  should  be  properly  applied  ;  but  practically,  in  a  very  large  pro- 
portion of  cases,  the  pure  inflammatory  fever  is  complicated  by  a  disturbance 
resulting  from  the  admixture  of  the  products  of  putrefaction  or  of  specific 
infective  processes  with  those  of  the  simple  inflammation.    In  fact  the  pro- 
ducts of  decomposition  are  amongst  the  most  powerful  of  all  pyroo-enic 
substances,  and  we  have  already  seen  that  locally  they  are  amongst  the  Inost 
potent  causes  of  inflammation.    The  products  of  putrefaction  of^'animal  sub- 
stances are  so  varied  and  uncertain  in  their  chemical  composition  that  it  is 
better  not  to  attempt  to  specify  them.    This  much,  however,  may  be  said  to 
be  proved,  that,  in  the  case  of  ordinary  putrefaction,  the  chemical  products, 
and  not  the  microsco])ic  organisms  wh'ich  invariablv  accompany  the  process^ 
are  the  real  exciters  both  of  the  local  inflammation  and  of  the  febrile  dis- 
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tnrl)ancc.  The  orgiuiisms  of  simple  putrefaction,  as  before  stated,  can  live 
only  on  dead  matter ;  and,  if  they  happen  to  enter  the  circulation,  they  speedily 
perish,  unlike  the  true  parasitic  or  pathogenic  organisms  which  accompany 
many  infective  processes  and  grow  and  flourish  in  tlie  living  tissues  or  blood. 
The  effect  produced  by  the  absorption  of  the  products  of  putrefaction  is, 
therefore,  proportional  to  the  dose  ;  the  poison  has  no  power  of  multiplying  in 
the  system,  and,  if  the  dose  be  not  too  great,  it  is  speedily  eliminated  without 
serious  consequences.  If  the  dose  be  excessive,  it  gives  rise  to  a  train  of 
symptoms  which  will  be  described  in  the  chapter  on  septica3mia.  The  products 
of  putrefaction  are  absorbed  with  great  readiness  from  a  raw  surface  or  the 
charred  surface  left  by  a  burn  ;  but  it  is  said  that  the  ease  with  which  they 
are  taken  up  is  gi'eatly  diminished  by  the  application  of  some  chemical 
caustics,  esi)ecially  chloride  of  zinc.  Healthy  granulation-tissue  forms  an 
efficient  barrier  to  absorption  under  ordinary  conditions  (presumably  from  its 
j)0ssessing  no  lymphatics)  ;  but  at  slight  degrees  of  pressure  the  pyrogenio 
substance  passes  readily  through  it.  Thus  in  a  large  wound,  such  as  an 
amputation,  if  there  is  perfect  drainage  and  no  decomposition,  the  febrile 
disturbance  is  very  slight  and  of  brief  duration,  ceasing  by  the  third  day  at 
the  latest ;  if  there  is  decomposition  of  the  discharges  the  fever  is  higher,  and 
reaches  its  maximum  by  the  third  day,  su])siding  gradually  as  the  granula- 
tions spring  up  and  form  a  barrier  against  further  absorption  ;  if  w'ith  decom- 
position there  is  insufficient  drainage  and  the  wound  be  of  sufficient  size,  the 
patient  may  receive  such  a  dose  of  the  products  of  putrefaction  as  to  die 
poisoned — a  condition  which  will  be  further  described  in  the  chapter  on 
septica3mia.  If,  after  the  granulations  have  sprung  up  and  fever  has  ceased,  an 
accunnilation  of  putrid  matter  takes  place  in  the  cavity  of  the  wound,  and 
there  is  such  a  want  of  drainage  that  the  fluid  is  pent  up  at  some  degree  of 
pressure,  the  fever  and  local  inflammation  will  return ;  but  should  the 
drainage  be  made  perfect,  it  will  again  cease.  It  is  the  fever  due  to  these 
two  causes — the  products  of  destructive  tissue-change  and  exudation  in  simple 
inflammation,  and  the  pyrogenio  products  of  putrefaction  in  septic  inflam- 
mations— that  is  spoken  of  as  surgical  or  traumatic  fever.  Some  writers  arc 
inclined  to  limit  these  terms  to  the  fonner  of  these  conditions  as  being  a  fc^'er 
inseparable  from  any  large  wound  or  injury,  even  when  subcutaneous,  and  to 
employ  the  terms  septic  fever  for  the  latter ;  and  perhaps  there  would  be  some 
advantage  in  so  doing. 

Fever  is  also  a  constant  accompaniment  of  acute  infective  inflammations ; 
that  is  to  say,  of  those  conditions  in  which  a  ^  irus  is  present  Avhich  nuiltiplies 
in  the  living  body,  either  locally,  as  in  true  spreading  or  infective  inflammations, 
or  generally,  after  entering  the  blood  from  the  original  local  centre  of  infection, 
as  in  many  forms  of  septicasmia  and  in  pyaemia,  malignant  pustule,  &c.  In 
some  of  these  conditions  it  has  been  shown  that  an  essential  feature  of  the 
disease  is  the  presence  of  microscopic  organisms  of  a  specific  character  which 
have  the  power  of  gTowing  like  true  parasites  in  the  living  body.  This  condition 
has,  however,  as  yet  by  no  means  been  proved  for  all  febrile  infective  processes; 
and  even  when  the  organism  seems  to  be  distinctly  the  cause  of  the  local  and 
general  affection,  the  exact  way  in  which  it  produces  fever  is  uncertain. 

Lastly,  the  nervous  system  most  probably  plays  an  important  part  in  the 
process  of  fever.  It  can  scarcely  be  doubted  that  it  exerts  an  all-important 
influence  in  the  regulation  of  the  general  heat  of  the  body,  and  a  hypothetical 
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centre  has  been  supposed  to  exist  in  the  lower  part  of  the  medulla  which 
controls  heat-production,  and  is  in  intimate  relation  with  the  vaso-motor 
centre.  It  seems  difficult  in  any  other  way  to  account  for  the  extraordinarily 
high  temperatures  sometimes  met  with  in  injuries  of  the  upper  part  of  the 
spine,  and  for  the  fever  that  is  always  met  with  during  reaction  from  concus- 
sion of  the  brain  or  shock.  Two  theories  are,  therefore,  held  with  regard  to 
those  fevers  which  are  due  to  the  admixture  of  pyrogenic  substances  with  the 
blood :  the  first  is  that  the  pyrogenic  substance  acts  directly  on  all  the  tissues 
of  the  body,  giving  rise  to  increased  tissue-change  with  development  of  heat ; 
and  the  second  is  that  the  impure  blood  circulating  through  the  medulla  dis- 
turbs the  heat-controlling  centre,  and  thus  indirectly  acts  on  the  tissues.  AVe 
are  yet  very  far  from  fully  understanding  the  exact  nature  of  fever ;  but  what  we 
do  know  is  of  immense  practical  value.  We  know  that  in  the  vast  majority  of 
cases  in  which  fever  forms  a  serious  feature  in  surgical  practice,  it  is  due  to 
the  entrance  into  the  circulation  of  noxious  materials  generated  locally,  and 
that  in  its  ijrevention  and  treatment  our  first  object  must  be  to  arrest  the 
formation  of  the  pyrogenic  material  by  local  means.  For  example,  in  an  acute 
abscess  a  fluid  containing  the  products  of  destructive  tissue-changes  is  pent  up 
in  a  cavity  at  some  degree  of  pressure,  and  a  certain  proportion  of  the 
pyrogenic  material  it  contains  is  constantly  finding  its  way  into  the  circulation. 
Open  the  abscess  and  cut  olf  the  supply  and  the  fever  at  once  subsides ;  but  if 
for  want  of  drainage,  the  cavity  fills  again  and  its  contents  be  allowed  to 
decompose,  the  fever  will  return,  and  this  time  more  severely  than  before,  as 
putrid  matter  is  more  powerfully  pyrogenic  than  the  products  of  simple  inflam- 
mation ;  open  up  the  cavity  and  drain  it,  and  again  the  fever  will  subside ; 
but  possibly,  supposing  the  patient  to  be  exposed  to  infection  in  an  unhealthy 
and  overcrowded  hospital,  a  virus,  capable  of  multiplying  in  the  surrounding 
tissues,  and  perhaps  of  increasing,  like  a  ferment,  in  the  blood  itself,  may  find 
its  way  from  without  into  the  abscess  cavity  and  thence  infect  the  whole 
system.  Under  such  circumstances,  the  mere  local  treatment  will  no  longer  be 
able  to  arrest  the  febrile  disturbance ;  and,  unless  the  patient  have  sufficient 
vitality  to  resist  its  effects,  a  fatal  result  must  follo\\-. 

Symptoms  of  Fever  in  General. — Although  inflammatory  fever  or 
pyrexia  presents  cHnically  many  varieties,  certain  symptoms  are  common  to 
all.  The  first  and  most  important  of  these  is  the  elcvaiion  of  tempemtmr,  as 
shown  by  the  thermometer.  All  temperatures  above  99-5°  F.  must  be  considered 
as  indicating  fever.  The  fever  would  be  considered  slight  unless  the  ther- 
mometer rose  above  100-5°  F.  ;  up  to  about  lo2-u°  F.  it  would  be  considered 
moderate  ;  from  102-5°  F.  to  105-5°  F.,  it  would  be  spoken  of  as  high  fever, 
and  above  that  point  the  term  hypcrpijrexia  w^ould  be  applied  to  it.  Few 
patients  recover  from  any  febrile  condition  in  which  the  thermometer  rises 
above  107°  F. 

The  temperature  is  usually  taken  in  the  axilla,  Imt  occasionally  the  mouth 
or  rectum  may  be  used  instead.  In  taking  the  temperature  in  the  mouth,  the 
bulb  of  the  thermometer  must  be  put  under  the  tongue  and  the  lips  kept 
firmly  closed  for  three  minutes.  In  the  mouth  and  rectum  the  temperatures 
registered  are  about  half  a  degree  higher  than  those  in  the  axilla.  The  tem- 
perature in  all  inflammatory  fevers  shows  the  morning  fall  and  cvcniuo-  rise 
common  to  nearly  all  febrile  conditions. 

Many  febrile  conditions  arising  in  surgical  practice,  especially  those  con- 
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necfced  with  acute  suppuration  and  some  forms  of  blood-poisoning  arc  ushered 
in  by  chiUiness,  sMveriivjs,  or  a  rigor.  A  well  marked  rigor  commences  with  a 
sensation  of  cold,  accompanied  by  great  nervous  depression  and  anxiety,  often 
amounting  to  fear,  on  the  part  of  the  patient.  The  feeling  of  cold  is  so 
intense  that  the  patient  covers  himself  with  hot  clothing  and  shivers  beneath 
a  heap  of  blankets  till  his  teeth  chatter.  If  during  this,  the  cold,  stage  of  the 
rigor  the  temperature  be  taken  in  the  mouth,  it  will  be  found  to  be  greatly 
above  normal,  often  as  high  as  105°  F.  If  the  temperature  had  been  taken 
before  the  rigor  commenced  it  would  have  been  found  that  the  rise  in  the 
thermometer  begins  some  time  before  the  sensation  of  chilhness  sets  in. 
During  the  cold  stage  the  face  is  pale  and  the  whole  surfiice  of  the  body  is 
more  or  less  blanched.  This  is  due  to  the  contraction  of  the  arteries  of  the  skin, 
■which  is  the  essential  feature  of  the  cold  stage  of  a  rigor.  The  bloodless 
condition  of  the  skin  thus  induced  is  the  cause  of  the  sensation  of  cold,  and 
by  limiting  the  loss  of  heat  from  the  surface  it  takes  some  part  in  producing 
the  rapid  elevation  of  temperature.  After  a  time  varying  from  ten  to  twenty 
minutes  or  even  more,  the  contraction  of  the  cutaneous  arteries  yields,  and 
a  corresponding  dilatation  follows.  The  surface  of  the  body  becomes  reddish, 
the  face  flushed,  the  skin  moist,  and  gTadually  a  profuse  perspiration  sets 
in — sufficient,  in  many  cases,  to  soak  the  sheets  of  the  bed.  During  this, 
the  hot  stage  of  the  rigor,  the  patient  feels  intensely  hot,  although  the 
thermometer  shows  that  the  temperature  is  rapidly  falling,  the  loss  of  heat 
from  evaporation  of  the  perspiration  being  necessarily  very  great.  In  half 
an  hour  or  more  the  sweating  ceases  and  the  whole  rigor  is  over,  leaving 
the  patient  weak  and  exhausted. 

In  all  forms  of  fever  there  is  increased  frequency  of  the  hearth  'heat.  This 
is,  as  a  rule,  proportional  to  the  elevation  of  the  temperature  and  to  the  degree 
of  weakness  of  the  patient.  The  face  is  usually  flushed,  but  by  no  means 
always  so. 

Another  feature  common  to  all  forms  of  fever  is  emaciation  and  loss  of 
strength.  The  increased  production  of  heat  must,  in  the  light  of  modern 
science,  be  regarded  as  work ;  and,  consequently,  during  febrile  disturbauce  the 
patient  may  as  truly  be  expending  force  as  if  he  were  carrying  weights  or 
climbing  mountains.  At  the  same  time,  his  appetite  is  lessened  and  his 
powers  of  digestion  and  assimilation  of  food  reduced.  The  rapid  exhaustion 
and  emaciation  of  many  fevers  is  not  therefore  to  be  wondered  at. 

Thirst  is  always  one  of  the  most  prominent  symptoms,  and  the  appetite  is 
diminished  or  lost.  In  almost  all  high  febrile  conditions  there  is  dryness  of 
the  shin;  for,  although  in  fever  there  is  an  increased  elimination  of  A^•ater,  this 
takes  place  chiefly  by  the  lungs.  The  mucous  membrane  of  the  alimentary 
canal  also  secretes  less  than  natural,  and  to  this  cause  are  due  the  dry  tongue, 
the  accumulations  on  the  teeth  and  lips,  or  sordes,  and  the  constipation  so 
commonly  met  with  in  fever. 

In  all  febrile  conditions  there  is  a  feeling  of  lassitude  or  weariness,  and  a 
marked  disinclination  to  bodily  or  mental  exertion.  In  the  earlier  stages  of 
very  acute  febrile  disturbance,  there  may  be  delirium  of  a  violent  form. :  in  the 
later  stages,  when  the  strength  is  becoming  exhausted,  wandering  of  the  miud 
or  muttering  delirium  is  a  common  symptom.  The  patient's  sleep  is  disturbed, 
he  is  restless  at  night,  and  delirium  is  more  common  at  that  time  than  during 
the  day. 


i84        LOCAL  DISTURBANCES  AND  INFLAMMATION 


Severe  fever  of  any  kind  always  leaves  the  patient  weak  and  aniemic,  in 
consequence  of  an  excessive  destruction  of  the  red  corpuscles.  In  the  most 
extreme  forms  of  septic  fever,  this  takes  place  to  such  an  extent  that  the 
serum  becomes  stained  during  life  by  the  colouring  matter  of  the  disintegrating 
corpuscles. 

The  urina  in  all  febrile  conditions  is  scanty  and  high  coloured.  It  contains 
an  excess  of  urea  and  urates,  and  often  a  deficiency  of  chlorides.  Albmnen  is 
frequently  met  with  in  all  forms  of  fever. 

The  blood  in  inflammatory  fever  doubtless  undergoes  important  changes, 
but  their  exact  nature  is  still  imperfectly  understood.  In  the  days  when 
venesection  was  a  regular  part  of  the  treatment  of  every  febrile  condition, 
much  attention  was  paid  to  the  l)lood  that  was  drawn.  It  was  noticed  that 
in  many  acute  inflammatory  affections  the  blood  coagulates  slowly,  and — partly 
from  this  cause  and  partly  from  the  rapid  running  together  of  the  corpuscles 
into  dense  masses,  which  sink  quickly — an  upper  colourless  layer  of  coagulated 
fibrin  free  from  red  corpuscles  is  left  at  the  top  of  the  clot  when  it  is'allowed  to 
form  quietly  in  a  deep  vessel.  The  tough  layer  of  yellowish  fibrin  thus  formed 
received  the  name  of  the  "  huffij  coatr  The  absence  of  coi-puscles  allows  the 
contraction  in  the  colourless  part  of  the  clot  to  be  much  more  complete  than 
elsewhere,  aud  its  upper  surface  consequently  is  depressed  in  the  centre,  being 
mppeiV  as  it  is  termed.  The  "buflt'  and  cup  "  were  formerly  much  used  as 
guides  in  estimating  the  intensity  of  the  inflammation  ;  it  has,  however,  been 
shown  that  the  buff  may  occur  in  other  conditions  of  the  system,  as  in  plethora, 
or  pregnancy,  or  after  exercise,  without  the  occurrence  of  inflammation.  The 
cupped  shape  of  the  clot  is  in  some  degree  dependent  on  the  shape  of  the 
vessel  into  which  the  blood  is  received,  being  most  marked  when  it  is  deep. 

The  changes  that  occur  in  the  liquor  sanguinis  are  due  chiefly  to  the  ad- 
mixture therewith  of  the  products  of  inflammation  taken  up  from  the  affected 
part  by  the  lym]ihatics  and  blood-vessels  ;  and  it  is  evident  therefore  that  they 
must  vary  considerably  according  to  the  nature  and  intensity  of  the  local 
process.    If  the  inflammation  affects  some  important  organ,  the  function  of 
which  is  to  take  part  in  the  preparation  of  the  blood,  or  to  eliminate  from  it 
the  products  of  tissue-change,  its  composition  must  be  materially  altered  ;  but 
it  is  at  present  impossible  to  state  with  any  definiteness  or  accuracy  the  exact 
nature  of  the  changes  that  take  place.    In  simple  inflammations,  the  fluid 
draining  away  from  the  inflamed  area  contains,  as  before  stated,  an  excess  of 
the  so-called  fibrin-ferment,  and  it  is  possibly  due  to  this  that  the  amount  of 
coagulated  fibrin  which  can  be  obtained  from  a  given  quantity  of  blood  is 
increased  in  some  inflammatory  affections.    In  inflammations  accompanied  by 
putrefection  of  the  discharges,  the  products  of  decomposition  are  added  to  the 
fluids  entering  the  circidation  by  means  of  the  lymph-stream,  and  with  these 
microscopic  organisms  often  find  their  way  into  the  blood.    The  bacteria 
which  accompany  ordinary  putrefaction  soon  perish  in  healthy  blood,  beiuo^ 
apparently  incapable  of  finding  nutriment  amongst  living  tissues.    In  true 
infective  inflammations,  the  inflammatory  products  which  enter  the  blood' 
stream  may  in  some  cases  bear  with  them  organisms  capable  of  multiplying 
amongst  the  living  tissue  and  giving  rise  to  secondary  local  mischief  or  fatal 
general  disease. 

ThQ  moocl-corpuscUs,  both  red  and  wliite,  have  been  already  described  as 
collectmg  m  great  numbers  in  the  vessels  of  the  inflamed  part.    Does  this 
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indicate  an  increase  of  both  or  either  of  these  in  the  general  mass  of  the 
blood  ?  There  is  no  reason  to  believe  that  in  simple  inflammations  tliere  is 
any  material  change  in  the  nnmber  of  red  corpuscles  ;  but  in  infective  in- 
flammations, and  in  those  accompanied  by  the  absorption  of  the  products  of 
decomposition,  there  is  undoubtedly  a  rapid  destruction  of  the  red  corpuscles, 
so  that  as  pointed  out  by  Wharton  Jones  and  Simon,  they  fall  below  the  natural 
standard.  They  are  said  by  some  observers  to  manifest  increased  adhesive- 
ness, and  a  tendency  to  aggregation  into  clusters  by  cohesion  of  their  flat 
surfaces  when  removed  fi-om  the  body  during  inflammatory  fever.  As  to  the 
white  corpuscles,  we  know  that  they  are  present  in  augmented  numbers  in  the 
vessels  of  the  inflamed  part  :  whether  they  are  really  more  numerous  in  the 
blood  in  inflammation  is  doubted  by  Paget,  kSimon,  and  others. 

Fever  is  said  to  tmnviate  by  Lysis,  when  the  symptoms  gradually  subside ; 
and  by  Crisis,  when  the  fall  of  temperature  is  sudden.  In  the  latter  case,  it 
is  often  accompanied  by  a  "  critical  evacuation  "  as  a  free  flow  of  urine  con- 
taining a  large  quantity  of  lithates,  a  profuse  perspiration,  or  a  watery  dis- 
charge fi-om  the  l:)Owels. 

Varieties  of  Surgical  Fever. — Inflammatory  fever  presents  an  nifinite 
variety  of  form,  the  ti'pe  which  it  assmnes  being  dependent  :  firstly,  on  the 
nature  of  the  pyrogenic  substance,  the  admixture  of  which  with  the  blood  is 
the  cause  of  the  distm'bance ;  secondly,  on  the  state  of  the  nervous  system ;  and 
thirdly,  on  the  occuiTcnce  of  certain  local  and  specific  symptoms  determined  by 
the  seat  of  the  inflanunation.  These  varieties  in  the  type  of  the  fever  arrange 
themselves  practically  into  two  classes — 1,  sthenic  ;  or  2,  asthenic.  The  terms 
sthenic  and  asthenic  are  not  used  at  the  present  day  with  reference  to  varieties 
of  inflammation  as  they  were  in  former  times;  but  for  the  designation  of  the 
dificrent  forms  of  febrile  disturl)ancc,  as  observed  clinically,  we  have  no  better 
names,  and  it  is  convenient  to  continue  to  employ  them.  In  all  forms  of  fever 
there  are  three  distinct  stages:  those  of  invasion,  exacerbation,  and  decline.  In 
practice,  the  recognition  of  the  tyj^e  or  form  that  the  constitutional  fever  of 
inflammation  assumes  is  of  the  first  consequence.  The  treatment  of  the 
patient,  iiTespective  of  the  topical  means  that  the  special  local  affection  may 
require,  being  altogether  determined  by  the  particular  form  that  the  concomi- 
tant constitutional  disturbance  assumes,  it  cannot  be  too  sedulously  borne  in 
mind  that  the  local  signs,  "  the  redness,  swelling,  heat,  and  pain,"  do  not  in 
themselves  comprise  all  the  morbid  phenomena  of  inflanunation  ;  there  is 
always  accompanying  constitutional  disturbance,  and  it  is  the  character  of  this 
constitutional  disturbance  or  fever  that  will  at  last  determine  the  kind  of 
treatment  to  be  adopted ;  and  it  consequently  requires  to  be  closely  studied. 

1.  Sthenic  Inflammatory  Fever  occurs  in  young  or  middle-aged  individuals 
of  healthy  constitution.  It  is  the  form  usually  assumed  by  the  fever  that 
results  from  the  absorption  of  the  chemical  products  of  putrefaction  from  a 
large  wound  during  the  first  week  after  its  infliction,  and  is  often  seen  in  acute 
inflammations  of  important  organs,  or  during  the  formation  of  acute 
abscesses. 

The  stage  of  invasion  is  slightly  marked  :  there  is  chilliness  or  shivering 
with  a  feeling  of  general  illness  ;  but  these  symptoms  may  be  so  transient  as 
to  escape  obseiwation.  In  the  majority  of  cases  it  is  not  until  the  constitu- 
tional disturbance  is  fully  developed  that  it  attracts  attention.  The  skin  is 
now  hot,  and  there  is  a  rise  in  the  temperature  of  the  body  of  from  2°  to  5° 
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Fahr.  The  cvcnino-  temperature  is  one  or  two  degrees  higher  than  that 
observed  in  the  morning.  There  is  a  feehng  of  general  languor,  and  the  head 
is  often  heavy  and  liot.  The  pulse  is  full,  bounding  or  thrilling,  and  quickened 
to  thirty  or  forty  beats  in  the  minute  above  its  normal  rate.  The  character 
of  the  pulse  varies  with  the  part  affected  and  with  the  cause  of  the  fever.  In 
ordinary  traumatic  fever,  when  it  assumes  the  sthenic  f(jrm,  in  the  formation 
of  acute  abscesses,  and  in  the  early  stages  of  many  specific  inflammatory  fevers, 
as  erysipelas,  it  is  full  and  bounding  ;  in  inflammation  of  glandular  struc- 
tures, as  the  testis  or  mamma,  the  pulse  is  compressible  though  full ;  in  acute 
inflammation  of  serous  membranes,  as  in  pleurisy,  peritonitis,  or  meningitis, 
it  is  small,  incompressible  and  wiry.  The  secretions  are  arrested  or  diminished 
in  quantity,  the  tongue  is  coated  with  a  white  fin-,  and  the  mouth  clammy, 
usually  with  much  thirst  ;  the  bowels  are  confined,  and  the  skin  dry.  The 
urine  is  scanty  and  high  coloured. 

If  a  favourable  termination  occur,  the  fever  terminates  either  gradually,  by 
lysis,  or  more  suddenly  by  crisis,  often  accompanied  by  critical  evacuation. 
The  tongue  cleans,  the  pulse  lessens  in  frequency  and  in  strength,  the  secre- 
tions become  more  free,  the  thirst  diminishes,  and  strength  and  appetite 
return.  This  favourable  termination  can  occm*  in  most  sm-gical  cases  only  by 
the  removal  of  the  cause  of  the  fever,  as  by  the  opening  of  an  acute  abscess, 
the  removal  of  septic  matter  by  drainage,  or  the  growth  of  healthy  granula- 
tions preventing  its  further  absorption.  Should  the  cause  persist,  the  fever 
may  terminate  in  death,  either  by  exhaustion  or  by  the  supervention  of  some 
visceral  complication,  as  pneumonia;  or  the  sthenic  form  may  gradually  merge 
into  the  type  that  is  characterised  by  debility. 

2.  Asthenic  Iiifiammatory  Fever  occurs  principally  in  those  individuals 
whose  constitutions  are  broken  liy  privation,  dissipation,  or  by  any  of  the 
general  depressing  causes  of  disease,  as  grief,  anxiety,  long  residence  in  a 
vitiated  atmosphere,  or  old  age.  In  constitutions  such  as  these,  frequently 
met  with  in  aU  classes,  but  especially  amongst  the  poorer  residents  in  large 
towns,  inflammatory  fever  almost  invariably  assumes  this  type.  The  cause  of 
the  fever,  however,  in  many  cases,  determines  the  type  quite  as  much  as  the 
constitutional  state  of  the  patient.  The  asthenic  form  is  met  with  in  all  cases 
of  true  infective  l^lood-poisoning  from  wounds ;  that  is  to  say,  in  those  cases 
in  which  the  poison  which  enters  the  system  is  not  merely  the  chemical  products 
of  putrefaction,  but  a  ferment-like  substance  capable  of  multiplying  in  the 
li^'ing  body,  as  in  acute  septic  infection,  jiyajmia  and  malignant  pustule. 
In  all  spreading  gangrenous  inflammations  the  fever  assumes  tjie  same  form ; 
and  in  erysipelas,  although,  as  before  stated,  there  may  be  sthenic  fever  for  a 
short  time,  the  signs  of  exhaustion  rapidly  set  in.  As  the  asthenic  form  of 
fever  depends  so  frequently  on  general  infective  processes  it  is  frequently 
accompanied  by  secondary  complications,  as  pleurisy,  pneumonia,  visceral 
abscesses  and  the  like. 

AVhen  the  asthenic  form  comes  on  as  a  sequence  of  the  sthenic,  the  symptoms 
of  the  one  gradually  merge  into  those  of  the  other,  the  weakness  increases,  the 
pulse  becomes  feebler  though  its  frequency  is  kept  up,  the  tongue  becomes 
brown  and  dry,  and  there  is  tendency  to  delirium  of  a  muttering  kind. 

When  the  fever  assumes  the  asthenic  form  from  the  very  first,  depression  is 
often  strongly  marked  during  the  period  of  invasion  ;  and,  even  when  the  febrile 
state  is  fully  established,  the  symptoms  are  not  very  active.   There  is  tlnouo-h- 
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ont  an  appearance  of  heaviness  and  stupor  about  the  patient,  and  an  early- 
tendency  to  delirium  of  a  low  form,  especially  at  night ;  the  pulse  is  feeble 
and  very  frequent ;  the  skin  may  be  hot  and  dry,  or  sometimes  moist  and 
clanmiy ;  the  temperature  is  from  2°  to  5°  Fahr.  above  normal,  and  shows  a 
marked  evening  rise  and  morning  fall  ;  the  tongue  is  brown  and  dry,  and 
sordes  rapidly  accumulate  about  the  lips  and  teeth  ;  the  cheeks  arc  often 
flushed,  and  the  eyes  may  be  bright  and  staring.  As  the  third  stage  comes  on, 
if  the  patient  recover,  there  may  be  a  critical  evacuation,  as  sweating  or 
diarrhcca  ;  the  pulse  subsides  in  frequency  and  increases  in  strength,  the 
tongue  gradually  and  slowly  cleans  from  the  sides  and  tip,  the  temperatm-e 
falls  often  below  normal  for  some  days,  and  the  patient  slowly  and  imperfectly 
regains  his  strength.  Owing  to  the  extreme  weakness  and  feebleness  of  the 
heart's  action  that  often  accompanies  this  form  of  fever  there  is  a  great 
tendency  to  local  congestions,  especially  hypostatic  pneumonia,  which  may 
interrupt  the  progress  towards  recovery.  Even  after  convalescence  the  powers 
of  the  constitution  may  frequently  be  broken  for  months  or  for  life. 

If  the  disease  take  an  unfavourable  course,  the  weakness  of  the  pulse  and 
the  dark  incrustation  of  the  tongue  increase  ;  the  temperature  falls  often 
below  normal  ;  the  skin  becomes  cold  and  clammy ;  hiccup,  subsultus  and 
dyspnoea  supervene  ;  the  muttering  delirium  gives  way  to  insensibility  or  even 
to  coma,  and  death  occurs  fi-om  exhaustion,  or  as  the  result  of  \'isceral 
complication.  It  is  this  condition  that  is  frequently  described  as  the 
"  setting  in  of  typhoid  symptoms." 

In  patients  whose  ner\-ous  systems  have  been  shattered  by  intemperance,  or 
•who  have  been  exhausted  by  excessive  mental  work  or  excitement,  the  nervous 
symptoms  that  accompany  the  febrile  disturbance  may  form  so  prominent  a 
feature  of  the  case  as  almost  to  justify  the  description  of  a  third  type,  as  has 
been  sometimes  done,  under  the  name  of  Irritative  Fever.  In  these  cases, 
if  the  fever  assume  the  sthenic  form  there  is  high  delirium,  often  of  a  furious 
kind,  with  wildness  of  the  eye,  flushed  fece  and  heat  of  head.  More  often 
the  fever  is  from  the  first  of  the  asthenic  type,  especially  in  habitual  drunkards, 
in  whom  it  resembles  delirium  tremens  ;  there  are  the  same  tremor,  clannny 
perspiration  and  foul  tongue,  and  the  delirium  is  not  violent  but  busy  and 
muttering,  the  patient  being  restless  and  constantly  trying  to  get  out  of  bed  ; 
he  is  sleepless,  and  unless  relief  be  obtained,  signs  of  debility  rapidly  come  and 
death  takes  place  either  from  exhaustion  or  coma. 

TREATMENT    OP   ACUTE  INFLAMMATION. 

It  is  not  merely  interesting  but  practically  useful,  to  study  the  inflammatoiy 
process  pathologically ;  for  when  we  have  to  deal  with  it  therapeutically,  the 
knowledge  we  have  obtained  of  its  causes  and  nature  in  the  dead-house  and 
in  the  pathological  laboratory  serves  to  some  extent  as  a  guide  to  treatment. 
Still  our  knowledge  is  not  yet  sulRciently  perfect  for  theory  only  to  direct 
our  practice,  and  we  must  on  no  account  neglect  those  modes  of  treatment 
which  have  been  shown  by  experience  to  be  of  use. 

Before  describing  in  detail  the  means  adopted  in  surgical  practice  for  the 
prevention  and  cure  of  inflammation,  it  would  l)c  well  briefly  to  point  out  the 
indications  furnished  us  l)y  pathology. 

1.  Inflammation  is  the  result  of  an  injury  done  to  the  living  tissues,  of 
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sufficient  severity  to  lower  the  vitality  of  the  affected  part,  but  not  actually  to 
kill  it.  The  agents  that  act  in  this  way,  as  we  have  before  seen,  arc  spoken  of 
hi  surgical  language  as  irritants.  Our  first  object,  therefore,  in  the  prevention 
of  inflammation,  is  io  protect  the  tissues  from  all  sources  of  irritation  and,  fail- 
imj  this,  to  remove  tJie  original  irritant  as  quickly  as  2)ossible,  and  to  prevent  the 
'introduction  of  fresh  causes  of  irritation. 

Under  this  heading  arc  included  : — the  removal  of  foreign  bodies ;  the 
avoidance  of  irritating  applications  ;  the  pre\'entiou  of  tension,  by  drainage 
of  wounds  and  position  of  injured  parts  ;  the  relief  of  tension,  as  by  early 
opening  of  abscesses,  or  Ijy  incisions  in  ceUulitis,  to  allow  of  the  escape  of 
inflammatory  effusions  ;  and  the  prevention  of  decomposition  in  the  dis- 
charges of  wounds  and  abscesses,  and  the  exclusion  of  specific  infective 
poisons,  such  as  that  of  pyaemia,  erysipelas,  or  the  like. 

2.  All  irritants  lower  the  vitality  of  the  tissues  upon  which  they  act,  and 
if  of  sufficient  intensity,  cause  death  of  the  part.  The  degree  of  damage  done 
is  proportional,  firstly,  to  tlie  intensity  of  the  irritation,  aud,  secondly,  to  the 
vitality  or,  in  other  words,  to  the  power  of  resistance  of  the  tissues.  In  the 
prevention  of  inflammation,  or  in  the  limitation  of  the  process,  our  first 
object  must  be  to  do  everything  in  our  power,  both  by  general  and  local  means, 
to  promote  the  healtiuj  nutrition  of  ttte  tissues. 

Under  this  heading  come : — attention  to  diet ;  avoidance  of  alcoholic  excess ; 
regulation  of  the  action  of  the  bowels,  skin,  and  kidneys  ;  the  treatment  of 
constitutional  conditions,  such  as  gout,  rheumatism,  and  syphilis.  Locally 
the  chief  objects  in  view  are — to  preserve  a  normal  state  of  the  circulation  by 
rcmovhig  causes  of  congestion,  or  local  ana3mia,  as  by  the  excision  of  tumours 
pressing  on  vessels,  the  cure  of  varicose  veins,  and  the  rehef  of  the  distended 
capillaries  by  uniform  elastic  pressure  ;  l)y  elevation  of  the  part,  or  the  removal 
of  strangulation  ;  to  maintain  a  normal  temperature  ;  aud  to  a^•oid  over-work 
of  the  part,  as  in  excessive  use  of  the  eye  or  laryiix. 

When  the  inflammatory  process  is  established,  we  cannot  too  strongly  bear 
in  mind  that  the  vitality  of  the  part  is  lowered,  and  that  our  main  objects  are — 
to  avoid  further  depression,  which  might  extinguish  such  life  as  remains ;  to 
encourage  the  return  of  vitality  by  the  maintenance  of  a  normal  temperature 
and  by  the  regulation  of  the  disturbed  circulation  by  such  means  as  we  have  at 
our  command ;  and  to  ensure  as  far  as  possible  both  functional  and  mechanical 
rest  of  the  inflamed  part. 

Inflamed  parts  are  less  able  to  Avithstand  the  effects  of  heat  and  cold,  of 
chemical  irritants,  or  mechanical  violence.  Thus,  the  application  of  cold  or 
of  powerful  antiseptic  solutions  (all  of  Avhich  arc  more  or  less  irritatino-)^  or 
tlie  necessary  injury  of  a  surgical  operation,  may,  in  an  inflamed  part,  intensifi- 
the  process,  and  even  cause  sloughing. 

8.  The  essential  phenomena  of  inflammation  are  :  firstly,  the  dilatation  of 
the  arteries  with  increased  blood  pressure  in  the  area  supplied  by  the  dilated 
A'cssels ;  secondly,  the  exudation  through  their  damaged  walls,  which,  other 
things  being  equal,  will  be  proportional  to  the  degree  of  intra-vascular 
pressure;  thirdly,  the  migration  of  the  white  corpuscles;  fourthly,  the 
complete  arrest  of  the  circulation  by  stasis.  The  vascular  dilatation  aud 
exudation  cause  the  inflammatory  swelling  and  give  rise  to  tension  which 
acting  as  a  fresh  source  of  irritatioi],  aggravates  the  inflammatory 'process! 
One  of  the  primary  objects  in  the  treatment  of  inflammation  is  therefore  to 
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limit  ilia  exudation  Inj  dimiimhing  the  hJood-pressure  and,  failinff  in  that,  to 
relieve  the  tension  it  (jives  rise  to.  Tlie  blood-pressure  may  be  limited,  first, 
by  general  means  acting-  upon  the  heart,  as  aconite,  antimony,  and  general 
blood  letting;  and,  secondly,  by  diminishing  the  quantity  of  fluid  circulating 
in  the  body,  as  by  general  blood-letting,  saline  purgatives,  or  low  diet.  The 
local  blood-pressure  may  be  diminished  by  causing  dilatation  of  the  vessels 
of  some  other  parts — as  of  the  intestines  by  pm-gatives,  in  external  inflam- 
mations, or  of  the  skin  by  diaphoretics  in  internal  attections  ;  secondly,  by 
causing  contraction  of  the  A'cssels  supplying  the  inflamed  area  by  the  direct 
application  of  cold,  belladonna,  or  astringents,  or  by  applying  a  stimulus  at  a 
distance,  so  as  to  cause  a  reflex  contraction  of  the  vessels  of  the  diseased  part, 
as  in  counter-irritation  by  blisters  or  mustard  i^lasters  ;  thirdly,  l)y  causing  a 
uniform  dilatation  of  all  the  vessels  of  the  inflamed  part  and  its  immediate 
neighbourhood,  so  as  to  lessen  local  resistance,  as  in  the  application  of  heat ; 
and,  fourthly,  by  elevation  of  the  affected  part  of  the  body,  by  Avhich  the 
return  of  blood  from  the  part  is  favoured,  and,  as  has  been  shown  by  Lister, 
a  certain  degree  of  arterial  contraction  induced.  Direct  pressure  on  the  main 
artery  of  the  limb  would  also  come  under  this  heading.  When  exudation  is 
taking  place,  elevation  of  the  limb  favours  its  return  by  the  lymphatics,  and 
so  lessens  swelling.  Should  the  part  become  so  tensely  distended  as  to  threaten 
gangrene  from  jiressure  on  the  vessels,  the  exudation  may  be  allowed  to  escape 
directly  by  incisions,  punctures  or  scarifications.  The  migration  of  the  cor- 
puscles is  limited  by  cold,  which  arrests  their  amoeboid  movements,  and  by  all 
means  which  diminish  blood-pressure.  Heat  favours  their  migration,  and 
also  encourages  their  moving  out  of  the  inflamed  area  into  the  lymphatics  in 
cases  in  which  resolution  is  taking  place.  It  is  only  the  return  of  A^tality  in 
the  walls  of  the  vessels,  however,  that  can  completely  arrest  the  process  of 
migration. 

The  tendency  to  inflammatory  congestion,  that  is  to  say,  choking  of  the 
distended  vessels  with  scarcely  moving  blood,  can  be  relieved  in  some  cases  by 
drawing  blood  directly  from  the  part  by  scarification  or  puncture,  or  the  force 
of  the  heart's  action  may  be  stimulated  in  order  to  drive  the  blood  past  the 
obstruction  by  the  administration  of  alcohol.  .Stasis  can  be  relieved  only  l)y 
the  general  means  above  mentioned  for  favouring  the  return  of  vitality  in  the 
inflamed  area, 

4.  Pain,  which  forms  so  prominent  a  symptom  in  many  inflammations,  will 
be  relieved  locally  by  those  means,  already  mentioned,  which  tend  to  diminish 
tension  :  but  in  addition,  local  sedatives — as  belladonna,  opium,  or  snbacetate  of 
lead — are  oflen  of  much  use.    If  tliese  fail,  sedatives  must  be  given  internally. 

5,  Lastly,  the  treatment  of  inflammation  includes  that  of  the  febrile  dis- 
iiirlance  that  accompanies  it.  This,  as  we  have  seen,  may  be  due  chiefly  if 
not  entirely  to  the  admixture  with  the  blood  of  the  exudation  returning  from 
the  inflamed  part  by  the  lymphatics  ;  in  such  cases  the  means  adopted  to 
limit  the  exudation,  or  to  drain  it  away  externally,  as  in  a  wound,  will  limit 
the  fever  ;  in  other  cases  the  stream  of  lymph  bears  with  it  the  chemical  pro- 
ducts of  decomposing  matter  from  the  inflamed  area,  and  thus  acquires  an 
additional  power  of  causing  fever  ;  this  can  be  prevented  only  by  projuT 
antiseptic  precautions,  or  by  draining  off  the  exudation  externally.  In  specific 
infective  inflammations  the  fever  may  be  due  to  contamination  of  the  blood  by 
the  presence  of  some  poison  multiplying  in  it,  as  in  septicaemia  (septic 
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infection),  pja3mia,  or  malignant  pnstulo.  At  present  we  are  not  acquainted 
with  any  means  of  definitely  destroying  the  poison  in  such  cases  ;  we  can  only 
sni)port  the  patient  in  every  Avay  in  our  power,  by  food  and  careful  nursing, 
so  as  to  enable  him  to  withstand  its  evil  influence.  In  those  cases  in  which 
the  nervous  symptoms  of  fever  are  predominant,  sedatives  must  be  ad- 
ministered internally.  Lastly,  certain  drugs  are  used  empirically,  fi'om  their 
known  power  of  reducing  the  temperature  in  fever,  amongst  the  most  im- 
portant of  these  being,  alcohol,  quinine,  salicylate  of  soda,  and  aconite.  The 
apphcation  of  cold  generally  to  the  body  by  baths  or  wet  packing,  or  locally  to 
the  head  by  an  ice-cajj,  as  recommended  by  Knowsly  Thornton,  useful  as 
they  undoubtedly  are  in  cases  of  very  high  fever,  are  but  empirical  modes  of 
ti-eatment,  as  they  attack  one  symptom  oidy,  leaving  the  cause  untouched. 
No  Surgeon  should  liave  recourse  to  these  unless  it  is  beyond  his  power  to 
discover,  or  to  remove,  the  cause  of  the  fcA'er. 

The  above  principles  serving  more  or  less  as  our  guides,  we  can  uow  con- 
sider more  in  detail  their  practical  application  in  the  treatment  of  acute 
inflammation. 

I'he  Pkevextiye  Treat:\iext  of  inflammation  can  be  employed  only  in 
cases  of  injury.  All  injuries  of  any  severity — as  cuts,  bruises,  sprains,  or 
fractures — must  necessarily  be  followed  by  a  certain  degree  of  inflammation  ; 
but  this  simple  traumatic  inflammation  has  no  tendency  to  spread  beyond  the 
area  injured,  which,  in  the  case  of  a  clean  cut  wound,  is  little  more  than  a 
microscopic  layer  of  tissue,  nor  does  it  tend  to  pass  beyond  the  stage  of  simple 
exudation  into  that  of  suppuration  or  ulceration,  unless  some  further  cause  of 
irritation  come  into  play  after  the  injury.  When  we  talk,  therefore,  of  the 
prevention  of  inflammation,  we  do  not  mean  the  prevention  of  the  simple 
adhesive  inflammation  Avhich  follows  an  injury,  for  that  is  imj^ossible  ;  but  we 
mean  the  exclusion  of  all  sources  of  irritation  which  could  intensify  or  i)rolong 
the  process  or  make  it  assume  a  spreading  foi'm. 

While  describing  the  causes  of  inflammation,  it  was  pointed  out  that  in  all 
surgical  injuries  in  which  the  injured  part  is  exposed  to  the  air,  the  irritants 
-which  we  liave  chiefly  to  guard  against  are  the  products  of  putrefaction  and 
the  specific  poisons  of  the  various  infective  inflammations.  It  was  also  shown 
that  the  cause  of  putrefaction  is  not  the  admission  of  the  atmospheric  gases, 
but  of  solid  particles  which  float  in  the  air,  and  are  now  abnost  universally 
acknowledged  to  be  living  microscopic  organisms,  and  that  the  virus  of  the 
various  infective  inflammations  is,  certainly  in  some  cases  and  possibly  in  all, 
a  specific  microscopic  organism.  The  means,  therefore,  that  prevent  putre- 
fiiction  by  exclusion  or  destruction  of  the  microscopic  organisms,  will,  in  a 
great  proportion  of  cases,  serve  also  to  ward  off  the  infection  of  specific 
inflammations  ;  but  not  with  equal  certainty,  for,  as  has  before  been  stated, 
the  causes  of  putrefaction  cannot  find  their  way  to  the  putrescible  matter 
by  the  blood,  while  the  organisms  which  are  associated  with  specific  infective 
processes  may  do  so,  those  characteristic  of  some  diseases  being  capable  of 
living  in  the  blood-stream.  In  the  prevention  of  inflammation,  it  is  onlv  the 
direct  contamination  of  wounds,  abscesses,  &c.,  fi-om  the  air  that  can  be 
guarded  against  by  local  means;  and  the  association  of  putrefaction  with  the 
specific  infective  inflammations  is  so  close  that  the  two  su]3jects  cannot  be  dealt 
with  separately  in  so  far  as  local  treatment  is  concerned,  and  here,  therefore  we 
need  deal  only  with  the  prevention  of  putrefaction. 
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The  prevention  of  putrefaction  may  be  carried  out  by  the  exclusion  of 
any  one  of  the  essential  euuditions  for  the  process  (p.  04).  The  first  of  these 
is  the  presence  of  dead  organic  matter.  It  is  our  object,  therefore,  by  drain- 
age of  wounds  and  abscesses,  either  entirely  to  remove  the  putrescible  matter 
or  to  reduce  it  to  so  small  a  quantity  that  its  effects  -will  be  insignificant. 
The  next  three  conditions,  the  presence  of  oxygen,  water,  and  a  certain  degree 
of  temperature,  cannot  be  excluded  from  any  abscess,  wound,  or  cavity  of  the 
body  ;  but  the  discharges  flowing  from  these  may  be  cither  received  in  some 
absorbent  material  or  allowed  to  dry  in  the  air,  and  thus  their  decomposition 
may  be  prevented ;  and  it  will  be  seen,  in  the  treatment  of  wounds,  that  these 
methods  are  sometimes  adopted.  The  last  condition  of  putrefaction  is  the 
presence  of  the  organised  ferment ;  and  the  destruction  or  exclusion  of  this  forms 
the  essential  feature  of  those  modes  of  treating  wounds,  abscesses,  or  ulcers, 
which  aim  at  the  absolute  prevention  of  the  inflammation  ^\■hich  results  from 
the  irritation  of  the  chemical  products  of  putrcfiiction.  The  shnplest  mode  of 
exclusion  of  the  organisms  floating  in  the  air  is  \>j  filtration.  It  has  been 
sliown  by  experiment  that  the  air  filtered  through  cotton-wool  is  incapable  of 
giving  rise  to  putrefaction ;  but  this  mode  of  ]Drevcnting  decomposition  is 
rarely  practicable  for  surgery.  Consequently,  our  chief  reliance  has  to  be 
placed  on  climikal  antisejjtics — that  is  to  say,  on  chemical  substances  capable 
of  destroying  the  vitahty  of  minute  vegetable  fungi.  It  must  not  be  forgotten, 
however,  that  all  chemical  antiseptics  are  in  themselves  irritants  ;  and, 
consequently,  in  using  them,  care  nuist  be  taken  to  protect  the  tissues  as  far 
as  possible  from  their  direct  action,  otherwise,  although  preventiiig  putre- 
faction, they  may  act  as  causes  of  inflammation.  As  Ave  shall  have  frequently 
to  refer  to  the  use  of  antiseptics  in  the  treatment  of  abscesses,  ulcers,  and 
wounds,  it  will  be  most  con\-enient  here  to  mention  the  chief  substances  at 
present  employed,  with  their  properties  and  jDeculiarities.  Antiseptics  vary 
much  in  their  power,  in  the  irritation  they  give  rise  to,  and  in  their  effects 
if  absorbed ;  these  points  will  therefore  be  alluded  to. 

It  may  be  stated  that  no  antiseptic  vapour  which  can  be  of  any  practical 
use  in  surgery  has  as  yet  been  discovered. 

Carbolic  Acid  is,  perhaps,  the  most  extensively  used  of  all  antiseptics, 
though  by  no  means  the  most  powerful.  In  surgery  the  purest  acid  only 
should  be  used,  the  fonn  known  as  absolute  phenol  being  perhaps  the  least 
objectionable  in  its  smell.  The  impure  form  of  the  acid,  such  as  is  used  for 
disinfecting  drains,  is  more  difficult  of  solution  in  water,  and  its  smell  is  very 
offensive.  The  pure  crystallised  acid  may  be  made  permanently  to  assume 
the  form  of  a  dense  oily  liquid  by  the  addition  of  about  of  its  bulk  of  water, 
but  true  solution  does  not  take  place  till  the  proportion  of  water  is  about  1 1) 
to  1  of  the  acid,  thus  forming  the  1  in  i^O  solution.  Tiie  efficient  strength  of 
the  watery  solution  as  an  antiseptic  is  about  1  in  50,  below  which  it  must  not 
be  reduced.  Carbolic  acid  is  readily  soluble  in  oil  in  any  proportion  up  to  equal 
parts,  and  in  glycerine  it  is  even  more  soluble.  The  preparations  used  in  surgery 
are  -.—  Water//  solutions,  1  in  20  and  1  in  40.  The  former  is  applied  only  to  foul 
wounds  for  the  pui-pose  of  cleaning  them,  to  wounds  which  have  been  exposed 
t<j  the  air  for  some  time,  and  to  the  unbroken  skin  round  the  region  in 
which  an  operation  is  to  be  performed  ;  the  latter  is  used  to  wash  the 
operator's  hands  and  the  sponges,  and  all  instruments  during  the  operation, 
and  to  irrigate  the  wound  during  the  performance  or  to  wash  it  out  at 
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the  end  before  closing  it.  The  1  in  20  solution  is  used  for  the  spray  as  Tvill 
hereafter  he  described.  Both  the  1  in  20  and  1  in  40  solutions  whiten  any 
raw  surfoce  to  which  they  may  be  applied,  but  their  action  is  very  superficial 
and  docs  not  interfere  Avitli  primary  union  of  a  wound.  At  the  moment  of 
application  they  cause  severe  smarting,  but  this  is  soon  followed  by  relief  from 
all  pain  and  a  sensation  of  numbness.  Oily  solutions  act  much  less  powerfully 
than  the  watery.  For  preserving  catgut  ligatures  a  solution  of  1  in  5  must  be 
used.  In  the  strength  of  1  in  10  it  may  be  applied  on  lint  to  a  wound  as  an 
antiseptic  dressing,  but  it  loses  its  acid  rather  quickly,  especially  if  tlicre  is 
much  discharge,  and  consequently  must  be  renewed  at  least  twice  or  three 
times  a  day.  (ilijcerim  solutions.  The  pharmacopoeial  solution  of  1  in  5 — one 
part  of  carbolic  acid  to  four  of  glycerine — is  too  strong  for  application  to  a  raw 
surface,  but  may  be  used  on  the  unbroken  skin  ;  for  wounds  the  solution  may 
be  reduced  to  1  in  10  by  the  addition  of  an  equal  quantity  of  water  or 
glycerine.  If  used  as  an  antiseptic  dressing  it  must  be  changed  frequently, 
as  it  is  readily  washed  out  'of  lint  by  the  discharge.  Carholic  gauze.  This  is  a 
coarse  gauze  impregnated  Avith  carbolic  acid  dissolved  in  a  mixture  of  paraffin 
and  resin.  It  contains  about  part  of  carbolic  acid.  It  forms  an  absorbent 
dressing,  and  possesses  the  great  advantage  of  yielding  up  its  carbolic  acid 
slowly,  and  thus  retaining  its  antiseptic  properties  for  a  long  time.  Carholiscd 
cotton  li'ool  and  totv  have  also  been  used,  but  are  somewhat  inefficient 
preparations. 

Carbolic  acid  may  act  injuriously  both  locally  and  generally.  If  the  solution 
be  not  properly  prepared  small  gloliules  of  the  undissolved  acid  may  be 
floating  in  it  which  Mill  cauterise  both  the  patient's  tissues  and  the  Surgeon's 
hands.  To  avoid  this  it  is  better  always  carefully  to  measure  the  acid  and  to 
prepare  the  solutions  some  hours  liefore  they  are  used.  If  the  solution  is 
l^repared  immediately  before  use  it  must  be  well  stirred  ;  and,  if  it  is  not 
required  to  be  cold,  warm  water  may  be  used  to  ensure  perfect  solution. 

Carbolic  acid  is,  even  in  the  strength  of  1  to  40,  an  irritant  to  the  living 
tissues  ;  when  applied  to  a  wound  it  exaggerates  the  serous  discharge  for  the 
first  twenty-four  hours,  and  consequently  increases  the  necessity  for  good 
drainage.  In  using  it  as  a  dressing  the  object  of  the  Surgeon  must  be  to 
prevent  direct  contact  of  the  acid  with  the  raw  surface  as  far  as  possible  after 
the  wound  has  been  once  washed  out ;  otherwise  it  may  give  rise  to  suppura- 
tion. In  washhig  out  a  wound  also  it  is  important  to  take  care  that  the  lotion 
used  escapes  freely.  If  it  remains  in  hollows  and  cavities  of  the  wound  its 
absorption  may  cause  symptoms  of  poisoning :  and  if  it  be  forced  into  the 
spaces  of  the  areolar  tissue,  not  only  may  constitutional  symptoms  appear, 
but  considerable  local  inflammation  may  supervene.  In  some  patients  the 
skin  is  singularly  intolerant  of  the  acid,  and  the  gauze  may  cause  even  vesica- 
tion. Its  use  must  then  l)e  abandoned,  and  some  other  antiseptic  agent 
employed  in  its  place. 

Carbolic  acid  cannot  be  applied  either  to  the  unbroken  skin  or  to  a  raw 
surface  without  a  certain  quantity  l)eing  absorbed.  As  a  rule  this  gives  rise 
to  no  unpleasant  symptoms  ;  but,  if  the  surfaces  be  very  large  or  the  patient  be 
peculiarly  intolerant  of  the  acid,  symptoms  of  carbolic  poisoning  may  arise. 
In  every  case  in  which  a  carbolic  acid  dressing  of  any  kind  is  applied,  it  or  its 
derivatives,  can  be  detected  in  the  urine  by  proper  tests ;  and  in  a  great  propor- 
tion, if  a  surface  of  any  size  is  covered  by  the  di-essing  or  a  large  wound  is 
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washed  out  with  the  lotion,  the  urine  undergoes  a  marked  change.  In  the 
mildest  cases  it  is  passed  clear,  but  after  standing  for  some  time  gradually 
assumes  an  olive  green  tint  ;  in  the  more  severe  cases  it  is  passed  dark  in 
colour,  and  on  stauding  becomes  almost  black.  If  no  other  symptoms  are 
present  this  appearance  of  the  urine,  which  is  said  to  be  due  to  the  presence 
of  indican,  need  give  rise  to  no  anxiety.  In  cases  in  which  the  graver 
symptoms  of  poisoning  are  present,  the  sulphates  disappear  completely  from 
the  urine.  Tiie  most  marked  feature  of  carbolic  acid  poisoning  from  ab- 
sorption fi-om  a  wound  is  severe  and  incontrollal)le  vomitino-  ;  if  the  dose 
have  been  very  large  collapse  speedily  sets  in,  with  insensibility  of  the 
pupil,  twitching  of  the  muscles,  a  rapid  feeble  pulse,  and  a  subnormal  tem- 
perature. Albumen  is  said  to  appear  in  the  urine.  In  other  cases  elevation 
of  temperature  has  been  noted,  with  vomiting,  followed  by  insensibility  and 
death.  AVith  the  exception  of  a  few  recorded  cases,  which  must  be  attri- 
buted to  an  idiosyncrasy  on  the  part  of  the  patient,  dangerous  symptoms 
have  occurred  only  when  the  carbolic  lotion  has  found  its  way  into  some 
cavity  as  the  rectum  or  peritoneum  or  plem-a,  or  when  large  abscess-cavities 
have  been  washed  out  with  the  lotion,  or  when  it  has  been  forced  into  the 
spaces  of  the  areolar  tissue,  as  in  attempts  to  disinfect  deep  Avounds  or  com- 
pound fractures.  The  treatment  consists  in  removing  immediately  all  carbolic 
acid  dressings  and  sul)stituting  some  other  antiseptic.  The  patient  must  be 
supported  by  stimulants,  especially  hypodermic  injections  of  ether ;  and 
friction  of  the  surface  should  be  employed.  Ice  may  be  gi^^en  to  allay  the 
vomiting.  Bauman  has  recommended  the  administration  of  sulphate  of  soda 
in  small  doses  fi'equently  repeated,  with  the  hope  of  converting  the  carbolic 
acid  into  the  non-poisonous  sulpho-carbolate.  This  treatment  was  suggested 
by  the  disappearance  of  the  sulphates  fi'om  the  urine,  which  is  possibly  due  to 
their  having  been  consumed  in  that  way ;  the  graver  symptoms  supervening 
when  they  were  exhausted  and  free  carbolic  acid  became  present  in  the  blood. 
The  drug  can  do  no  harm  and  should  certainly  be  tried. 

Carbolic  acid  has  now  been  more  than  twenty  years  before  the  profession  as 
an  antiseptic,  and  has  derived  great  importance  from  being  the  agent  selected 
by  Lister  for  his  antiseptic  system  of  treating  wounds.  In  spite  of  the  eflbrts 
of  Lister  himself  and  many  other  Surgeons  to  find  some  efficient  substitute 
which  shall  be  fi'ee  fi-om  the  inconveniences  attending  the  use  of  carl)olic  acid, 
it  still  holds  its  place  as  the  most  convenient  antiseptic  for  cleaning  the 
Surgeon's  hands  and  instruments  and  for  washing  out  the  wound.  Other 
agents  have,  however,  been  largely  employed  as  dressings,  and  have  been 
proved  to  be  thoroughly  trustworthy. 

Chloride  of  Zinc— The  efficient  strength  of  this  antiseptic,  which  is  the 
active  agent  in  Bui-nett's  Fluid,  is  doubtful ;  but  it  probably  acts  antisepti- 
cally  in  the  strength  of  about  half  a  grain  to  the  ounce  of  water,  or  even  less. 
Its  use  in  the  treatment  of  wounds  was  introduced  by  Campbell  De  Morgan 
more  than  twenty  years  ago.  It  is  usually  employed  in  the  strength  of  20 
or  40  grains  to  the  ounce  of  water.   This  solution  produces  a  whitening  of  the 

'  surface,  but  the  action  is  very  superficial,  and  it  does  not  cause  the  formation 
of  a  visible  slough  unless  applied  for  some  length  of  time  ;  in  fact,  even  in 
this  strength,  it  docs  not  prevent  union  by  first  intention.    The  whitened 

I  surface  has  been  shown  by  experiment  to  form  a  remarkably  efficient  barrier 
to  the  absorption  of  the  chemical  products  of  putrefaction,  and  experience 
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proves  that  decomposition  of  the  discharges  will  not  commence  in  a  wound 
thus  treated  for  about  three  days.  It  therefore  forms  a  most  usefal  applica- 
tion to  wounds  in  which  it  is  impossible  to  employ  rigid  antiseptic  treatment, 
such  as  those  opening  into  the  mouth,  rectum,  or  bladder  ;  for  by  the  third 
day,  when  its  influence  seems  to  be  exhausted,  the  opened  lymph-spaces  are  so 
far  closed  by  plastic  exudation  that  the  dangers  of  septic  absorption  are 
greatly  diminished.  It  has  no  toxic  effects  when  thus  applied  ;  but  care 
must  be  taken  in  using  it,  if  a  syringe  be  employed  to  squirt  the  lotion  into 
the  wound,  that  the  spaces  of  the  areolar  tissue  are  not  injected,  or  serious  and 
extensive  sloughing  may  result. 

Boracic  Acid  was  introduced  into  surgical  j)ractice  by  Lister.  It  is  one  of 
the  less  powerful,  and  at  tlie  same  time  one  of  the  least  irritating  of  chemical 
antiseptics.  It  is  very  readily  soluble  in  hot  water,  but  sparingly  so  in  cold.  The 
concentrated  cold  solution  or  "  horacic  acid  lofmi,"  is  prepared  by  adding  one 
ounce  of  the  crystaUised  acid  to  a  pint  of  boiling  water,  and  afterwards  allowing 
it  to  cool  and  the  excess  of  the  crystals  to  settle  down  ;  it  forms  a  useful  lotion 
for  washing  or  irrigating  wounds.  Boracic  acid  lint,  which  is  prepared  by 
dijDping  ordinary  lint  in  a  concentrated  boiling  solution  of  the  acid  and  after- 
wards drying  it,  forms  a  useful  application  to  wounds  or  gTanulating  sores  ; 
and,  if  moistened  with  warm  boracic  acid  lotion,  may  be  applied  with  great 
advantage  in  the  place  of  a  poultice  to  sloughy  and  inflamed  Avounds. 
Boracic  acid  ointment  forms  an  excellent  dressing  for  small  wounds,  such  as 
those  on  the  face  and  for  healthy  granulating  sores.  The  most  convenient  form  is 
a  preparation  composed  of  1  part  of  paraffiu  and  2  parts  of  vaseline  as  a  basis, 
to  five  parts  of  which  is  added  one  part  of  boracic  acid.  It  should  be  spread 
on  thin  muslin  and  dipped  in  the  boracic  acid  lotion  before  being  applied, 
after  A\hich  it  may  be  covered  with  cotton-wool  and  allowed  to  dry.  It 
requires  changing  once  or  twice  a  day.  Barlf  has  recommended  a  chemical 
combination  of  glycerine  and  boracic  acid,  to  which  he  has  given  the  name 
of  Boro-glyceride,  as  a  lotion  for  wounds  and  sores,  and  those  who  have  used 
it  report  favourably  of  it  ;  but,  probably,  equally  good  results  can  be  obtained 
by  adding  some  glycerine  to  the  ordinary  boracic  lotion. 

Salicylic  Acid  is  a  derivative  of  carbolic  acid,  and  is  largely  used  as  an 
antiseptic.  It  possesses  no  toxic  properties,  and  in  this  respect  presents 
advantages  over  carbolic  acid.  It  is  sparingly  soluble  in  ^vater,  requirmg  at 
least  oO(»  parts  of  cold  water  to  dissolve  it,  and  is  in  this  form  a  less  certain 
antiseptic,  though  less  irritating,  than  carbolic  acid.  The  preparations  used  in 
surgery  are  salicylic  wool,  salicijlic  jute,  and  salicylic  sillc.  The  jute  is  recom- 
mended by  Thiersch  as  being  more  absorbent ;  the  silk  is  prepared  from 
refuse  material,  and  was  introduced  by  ]\IcGill  of  Leeds  ;  it  is  very  absorbent 
and  elastic.  All  these  preparations  contain  a  proportion  of  the  acid  varying 
fi-om  3  to  10  per  cent.  They  should  be  moistened  with  a  little  glycerine 
to  prevent  the  dust  of  the  acid  from  flying  about  when  they  are  used,  as  it 
causes  violent  sneezing.  Salicylic  acid  in  solution  should  not  be  used  for 
instruments  as  it  corrodes  them  quickly. 

Snlphtirous  Acid  is  but  little  used  as  an  antiseptic  on  account  of  its 
extremely  unpleasant  smell.  It  is  very  irritating,  and  presents  no  advantages 
over  those  already  mentioned.  ^ 

Iodine  is  one  of  the  most  ]wwerfiil  of  all  antiseptics.  It  has  l)een  recom- 
mended by  Bryant  as  a  lotion  for  washing  wounds  and  sponges,  in  the  strength 
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of  two  drachms  of  the  tiiu-turc  to  a  pint  of  warm  water  ;  and  in  this  strength, 
it  is  an  efficient  antiseptic  and  very  fi-ee  from  irritating  proi)erties. 

Eucalyptus  Oil  is  a  powerfal  antiseptic,  having  a  very  fragrant  campho- 
raceous  smell ;  and,  so  far  as  is  at  present  known,  it  is  qnite  fi-ee  from  poisonous 
properties.  It  is  practically  iusohi])le  in  water,  but  readily  soluble  in  oil, 
paraffin,  and  spirit.  It  is  used  chiefly  as  eiicah/ptiis  gauzi'.  The  material  with 
wliich  the  gauze  is  impregnated  is  composed  of  f)  parts  Dammar  resin,  3  parts 
paraffin  wax,  and  1  part  eucalyptus  oil.  Lister  has  used  this  preparation  exten- 
sively, and  finds  it  in  every  way  an  efficient  substitute  for  the  carbolic  gauze 
in  cases  in  which  the  patient  shows  signs  of  carbolic  acid  poisoning,  or  when 
the  skin  is  easily  irritated  by  that  substance.  For  application  to  granulating 
sores  an  ointment  composed  of  2  parts  paraffin,  2  vaseline,  and  1  of  euca- 
lyptus oil  will  be  found  very  useful.  If  the  sore  be  foul  some  iodoform  may 
be  added  in  the  proportion  of  one  drachm  to  the  ounce. 

Iodoform  is  an  antiseptic  of  undoubted  power  which  has  lately  been  used 
very  largely  in  surgical  practice.  It  is  sold  in  two  forms — the  precipitated, 
which  is  an  extremely  fine  yellow  powder  ;  and  the  crystalline,  composed  of  fine 
golden  yellow  crystals.  The  latter  should  always  be  used  in  wounds  or  on  raw 
surfaces,  as  the  finely  divided  particles  of  the  precipitated  form  are  too  readily 
absorbed.  Iodoform  is  insoluble  in  water  but  is  readily  soluble  in  chloroform 
and  ether,  sparingly  so  in  alcohol,  and  very  freely  in  oil.  The  preparations 
used  in  Hnrgery  are  the  pure  drug  in  crystals  ;  iodoform  wool,  prepared  by  im- 
pregnating cotton  wool,  deprived  of  its  grease  so  as  to  render  it  absorbent, 
with  10  per  cent,  of  the  di'ug  ;  and  iodoform  ointment,  mixde  by  mixing  varying 
proportions  of  the  crystals,  from  one  drachm  upwards,  with  one  ounce  of  vaseline. 
The  pure  iodofonn  is  specially  applicable  to  wounds  opening  into  cavities,  such 
as  those  left  by  removal  of  the  tongue  or  upper  jaw.  It  may  be  sprinkled  on 
the  raw  surftice  twice  a  day,  and  will  al)solutcly  prevent  any  unpleasant  smell. 
The  Germans  have  used  it  freely  as  an  application  directly  to  the  raw  surfaces 
of  fresh  wounds  before  closing  them,  and  it  has  been  found  not  to  prevent 
union  by  first  intention  ;  but  its  use  in  this  way  is  not  to  be  recommended,  as  it 
is  a  needless  introduction  of  a  foreign  body. 

Iodoform  possesses  very  marked  toxic  properties,  but  the  effect  ])roduccd 
seems  to  depend  to  a  great  extent  upon  an  idiosyncrasy  on  the  part  of  the 
patient.  The  symptoms  of  iodoform  poisoning  are  very  various,  and  differ 
somewhat  in  children  and  adults.  Amongst  the  most  marked  effects  has  been 
an  elevation  of  temperature  reaching  104^  P.,  without  other  serious  constitu- 
tional disturbance,  and  without  any  unhealthy  appearances  in  the  wound. 
Loss  of  appetite  with  progressive  emaciation  is  common,  the  patient  complain- 
ing that  everything  tastes  and  smells  of  iodoform.  Vomiting,  however,  is  not 
a  frequent  s}Tnptom.  The  effect  on  the  pulse  is  often  very  marked,  especially 
in  children  ;  the  frequency  is  greatly  increased,  reaching  140  or  even  180, 
and  at  the  same  time  the  force  is  correspondingly  diminished.  Its  effects  on 
the  brain  are  often  very  serious;  in  some  adults  it  seems  to  have  caused 
an  attack  of  violent  maniacal  delirium,  in  others  persistent  drowsiness  has 
been  noted,  with  great  mental  depression.  In  children  drowsiness  is  more 
common,  and  occasionally  the  s}Tnptoms  may  closely  resemble  those  of  tuber- 
cular meningitis.  In  other  cases  rapid  collapse  has  followed  the  use  of 
iodoform,  for  which  no  cause  but  the  drug  could  be  found.  Many  fatal  cases 
have  occurred  in  Germany  ;  but  the  quantities  apphed  have  been  in  some  cases 

0  2 


196        LOCAL  DISTURBANCES  AND  LNFLAMMATION. 


so  enormous  that  tliis  is  scarcely  to  be  wondered  at.  As  an  external  dressing 
to  a  wound,  the  ed<>-es  of  which  have  been  brou<i-ht  accurately  in  contact, 
it  has  never  been  known  to  cause  poisoning,  though  when  applied  on 
the  raw  surface  left  by  a  large  burn  it  may  give  rise  to  some  of  the  al)Ove- 
mentioned  symptoms.  The  urine,  in  all  cases  of  iodoform  poisoning,  has  been 
found  to  contain  iodine.  The  treatment  consists  in  the  immediate  and  com- 
plete removal  of  the  drug,  which  will  usually  be  followed  by  speedy  dis- 
appearance of  the  syuiptoms. 

Permanganate  of  Potash,  a  solution  of  which  forms  "  Condy's  fluid,"  is 
a  powerful  oxidising  agent.  It  possesses  very  active  powers  as  a  disinfectant, 
destroying  the  smell  of  decomposing  matter  even  wlien  used  in  very  dilute 
solutions.  In  stronger  solutions  it  is  a  powerful  antiseptic,  destroying  the 
vitality  even  of  the  spore-bearing  bacilli,  but  in  order  to  do  this  its  strength 
must  be  such  that  it  could  hardly  be  used  on  living  tissues.  It  forms  a 
valuable  wash  for  foul  Avounds;  but  if  used  in  sufficient  strength  to  exert 
really  powerful  antiseptic  influence,  it  stains  everything  with  which  it  comes 
in  contact  a  dark  brown.    It  possesses  practically  no  toxic  properties. 

Benzoic  acid  possesses  extremely  powerful  antiseptic  properties,  but  has 
not  been  used  pure  in  the  treatment  of  wounds.  It  forms  an  important  con- 
stituent of  Compound  Tincture  of  Benzoin,  Friar's  Balsam,  or  "Wound  Balsam, 
which  was  formerly  extensively  employed  as  an  external  application  to  wounds, 
and  is  still  sometimes  applied  to  compound  fractures. 

Turpentine  was,  in  former  times,  a  constituent  of  almost  all  salves  for 
wounds,  and  doubtless  did  excellent  service  as  an  antiseptic.  At  the  present 
time  it  is  scarcely  ever  used.  A  highly  refined  form  is  sold  under  the  name  of 
icrehem,  which,  dissolved  in  olive  oil  in  the  proportion  of  1  to  5,  forms  a  useful 
dressing. 

Thymol  is  the  aromatic  principle  of  thyme.    It  is  said  to  be  an  efficient  | 
antiseptic  if  dissolved  in  water  in  the  proportion  of  1  in  1000.    It  is  but  little 
irritating  and  is  not  poisonous ;  but  it  presents  few  other  advantages,  and  is 
rarely  used  except  for  washing  out  a  cavity,  as  the  rectum,  from  which  carbolic 
acid  might  be  absorbed  in  dangerous  quantities  if  injected. 

Glycerine  possesses  decided  antiseptic  properties,  but  its  efficient  strength 
is  uncertain.  It  is  chiefly  useful  as  an  addition  to  boracic  or  carbolic  lotions 
to  ]irevent  them  ft-om  drying  too  quickly. 

Alcohol. — The  antiseptic  properties  of  alcohol  are  too  well  known  to 
require  mention.  It  is  said  to  be  efficient  in  the  strength  of  one  part  in  fifty 
of  water,  or  roughly,  one  ounce  of  proof  spirit  to  a  pint  of  water.  It  is  but 
little  used  in  surgery  as  an  antiseptic,  because  of  its  evaporating  too  rapidly, 
but  it  may  be  employed  as  a  wash  for  wounds  or  for  the  hands  and  instru- 
ments if  none  more  efficient  is  at  hand. 

Amongst  the  most  powerful  means  of  preventing  inflammation  is  the  free 
application  of  cold.  This  causes  contraction  of  the  vessels  and  limits  exuda- 
tion, thus  preventing  tension  and  swelling.  The  cold  should  not,  however, 
l)e  so  intense  as  seriously  to  lower  the  vitality  of  the  injured  part,  or  it 
may  cause  the  very  mischief  it  is  intended  to  prevent.  Its  application 
t)G  OOll/t ilXl-tOXlS  till  til 6  dclH^Gl*  of  inflammation  is  past,  for  if 
applied  in  an  intermittent  manner,  the  periods  of  hypcra^mia  which  occur  in 
the  intervals  between  the  cold  applications  undo  whatever  good  may  have  been 
done  during  the  time  that  the  part  has  been  really  cooled.    If  the  injury  be 
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superficial,  and  not  very  severe,  lint  dipped  in  cold  water,  frequently  renewed, 
may  be  applied  ;  or,  if  the  skin  be  unbroken,  an  evaporating-  lotion  may  be 
used.  Should  a  limb  or  joint  be  severely  injured,  cold  irrigation  will  be  a 
preferable  mode  of  reducing  its  temperature.  This  may  most  conveniently  be 
done  by  suspending  over  the  part  a  large  wide-mouthed  bottle  full  of  water, 
in  which  a  few  pieces  of  ice  may,  if  necessary,  be  put  ;  one  end  of  a  skein  of 
cotton,  well  wetted,  is  then  allowed  to  hang  in  the  water,  whilst  the  other  end 
is  brought  over  the  side  of  the  bottle.  This,  acting  as  a  syphon,  causes  a 
continual  dropping  upon  the  part  to  which  the  cold  is  to  be  applied  (Fig.  85). 

But  the  direct  application  of  pounded  ice  in  a  bladder  or  thin  rubber  bag  is 
the  most  effectual  means  of  applying  cold,  when  it  is  intended  that  its  effects 
should  penetrate  deeply,  as  in  an  injured  joint,  spine,  or  head. 


Another  very  efficient  mode  of  applying  cold  is  to  surround  the  part  with  a 
coil  of  India-rubber  tubing  through  which  a  stream  of  iced  water  is  allowed 
slowly  to  flow  from  a  reservoir  placed  above  the  bed.  This  method  was 
introduced  by  Otis  as  a  mode  of  a])})lying  cold  to  the  genital  organs,  and  for 
this  purpose  it  is  very  efficient.  When  applied  to  the  head  or  a  limb,  the 
weight  of  the  part  is  apt  to  comi^ress  the  tulje  and  arrest  the  flow.  To  over- 
come this  difficulty,  the  apparatus  known  as  "  Leiter's  tubes,"  made  of  soft 
metal  which  can  be  accurately  ajiplied  to  any  part  of  the  body,  has  been  lately 
introduced.  In  using  this  the  water  must  not  be  iced,  as  the  greater  conducting 
power  of  the  metal  renders  this  not  only  unnecessary  but  dangerous. 

The  application  of  a  cold  Lead  Lotion  acts  as  a  powerful  local  sedative, 
and  tends  greatly  to  restrain  local  inflammation. 

Absolute  rest  of  the  parts  is  an  essential  element  in  the  preventive  treat- 
ment of  inflammation.  Rest  as  to  movement  or  use  is  imperative;  an 
injured  joint  should  be  placed  on  a  splint,  an  injured  eye  should  be  protected 
fi'om  light. 

At  the  same  time  all  constitutional  disturbance  must  be  prevented  by  a 
moderate  and  well-chosen  diet,  by  repose  of  l)ody,  Ity  regulation  of  the  action 
of  the  bowels,  and  by  careful  attention  to  the  hygienic  surroundings  of  the 
patient. 

In  undertaking  the  Curative  Treatment  of  inflammation,  the  Surgeon 
must  not  allow  himself  to  be  led  away  by  the  name  of  the  affection  with  which 


Fig.  85. — Irrigating  Apparatus. 
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he  has  to  do,  but  he  must  be  influenced  in  the  means  that  he  adopts  by  the 
constitutional  condition  of  the  patient,  by  the  type  of  the  inflammatory  fever, 
and  by  the  state  of  the  diseased  part  ;  for  nothing-  presents  greater  variety 
than  the  management  of  the  inflammatory  process  in  difierent  conditions  of 
the  patient,  and  in  tlic  different  types  and  phases  of  the  disease.  We  shall 
accordingly  consider  the  treatment  of  acute  inflammation  as  it  is  accompanied 
by  the  sthenic  and  the  asthenic  form  of  inflammatory  fever. 

Treatment  of  Acute  Infla:mmation  with  Fever  of  the  Sthenic  Type. 
— In  the  treatment  of  this  variety,  active  and  energetic  measures  must  early 
be  had  recourse  to,  especially  if  tiie  patient  be  young  and  strong.  There  is 
no  condition  that  is  more  under  the  control  of  the  Surgeon  than  this  when  it 
occurs  in  a  healthy  constitution,  and  none  in  which  more  can  be  done  by 
active  means  early  employed.  It  is  consequently  of  the  first  importance  that 
precious  time  be  not  lost  by  the  employment  of  ineflicient  measm-es  ;  other- 
wise, important  local  changes  and  irremovable  alterations  of  structure  may 
ensue.  It  is  also  of  great  consequence  to  remove  the  disease  fully  ;  not  only 
to  subdue,  but  to  extinguish  it,  lest  it  degenerate  into  some  of  the  more 
chronic  and  intractable  forms. 

The  first  thing  to  be  attended  to  in  the  treatment  of  this,  and  of  all  the 
other  varieties  of  inflammation,  is  ilia  removal  of  the  cause.  Thus,  rest  must 
be  afforded  to  a  diseased  joint,  light  withheld  ft'om  an  inflamed  eye,  and  a 
foreign  body  taken  out  of  the  flesh  in  which  it  is  lodged. 

The  next  great  indication  is  to  lessen  the  determination  of  blood  to  the 
part,  and  the  blood-pressure  in  the  distended  vessels.  The  measures  for 
accomplishing  this  form  what  has  been  termed  the  aniipldogistic  treatment. 
This  consists  of  constitutional  and  local  means. 

Constitutional  Treatment. — The  object  aimed  at  in  constitutional  anti- 
phlogistic treatment,  is  to  lessen  the  blood-pressure  in  the  inflamed  jjart  by 
means  which  weaken  the  force  of  the  heart's  action,  or  diminish  the  amount 
of  blood  generally  throughout  the  body.  It  is  evident  that  it  is  only  in 
patients  who  have  been  in  good  health  and  strong  before  the  invasion  of  the 
inflammation,  and  who  ha-\  e  not  been  weakened  by  it,  and  in  young  or  middle 
aged  subjects,  that  such  treatment  can  be  justifiable.  Many  forms  of  inflam- 
mation, as  erysi])elas,  and  all  other  infective  processes,  arc  from  the  nature 
of  their  cause  depressing  in  themselves;  and  in  these  active  antiphlogistic 
treatment  is  seldom  if  ever  required. 

The  most  powerful  and  efficient  means  that  we  possess  is  certainly  Blood- 
letting ;  and,  when  the  inflammation  is  sufficiently  extensive  and  severe,  and 
the  state  of  the  patient's  powers  warrant  it,  we  may  have  recourse  to  the 
abstraction  of  blood.  But,  as  blood  can  easily  be  taken  away,  but  cannot 
readily  be  restored,  we  should  never  remove  it  unnecessarily,  lest  permanent 
ill  effects  to  the  health  ensue.  Blood-letting  is  certainly  not  often  required 
in  the  treatment  of  sm-gical  inflammations  ;  and  it  should  be  especially 
avoided  in  very  young  and  in  very  old  subjects,  in  the  inhabitants  of  large  towns 
generally,  and  in  persons  who  are  suffering  from  inflammation  of  a  specific 
character.  It  should  never  be  employed  unless  an  organ  of  great  importance 
to  the  economy,  and  one  in  which  abundant  exudation  is  likely  to  be  foUoAved 
by  serious  or  fatal  consequences,  as  the  lung  or  brain,  be  inflamed,  or  so  injured 
that  inflammation  is  imminent  ;  or  unless  a  tissue,  like  the  transparent  struc- 
ture of  the  eye,  be  affected,  in  which  case  it  is  absolutely  necessary,  at  any 
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risk,  to  limit  exudation  lest  it  give  rise  to  a  change  of  striictnre,  which, 
however  slight,  wonld  be  fatal  to  the  utility  of  the  part.    The  quantity  of 
blood  that  should  be  taken  necessarily  varies  greatly,  according  to  the  age 
and  constitution  of  the  patient,  and  the  nature  of  his  disease    and  it  is  of 
importance  to  bear  in  mind  that,  when  blood-letting  is  really  required,  the 
system  tolerates  the  loss  of  the  \  ital  fluid  much  better  than  at  other  times. 
Tiie  effect  produced  on  tlie  pulse  and  on  the  system  should  be  the  guide  to 
the  quantity  to  be  taken  away.    A  decided  impression  should  be  produced  by 
blood-letting,  not  so  much  on  the  frequency  of  the  pulse,  as  on  its  character  ; 
ihat  should  guide  us,  and  not  the  number  of  ounces  drawn.    The  point  to  be 
obtained  is  the  greatest  effect  upon  the  system  with  the  least  loss  to  the 
patient ;  hence  the  blood  should  be  taken  from  a  large  orifice,  the  ])atient 
sitting  upright.    In  repeating  the  venesection,  we  must  be  guided  by  the 
impression  that  has  been  made  upon  the  disease,  and  by  the  state  of  the  pulse. 
In  former  times,  blood-letting  was  sometimes  practised  from  the  temporal  artery, 
and  the  external  jugular  vein  ;  but  in  the  present  day,  blood  is  scarcely  ever 
taken  from  any  vessel  but  the  median  basilic  vehi  at  the  bend  of  the  elbow. 
The  operation  is  thus  performed  :  the  i)acient  being  in  a  sitting  posture,  a  tape 
or  a  piece  of  bandage  is  bound  round  the  arm  about  midway  between  the 
shoulder  and  the  elbow,  with  sufficient  firmness  to  obstruct  the  return  of 
blood  through  the  veins,  and  yet  not  to  interfere  with  the  flow  through  the 
artery.    When  the  limb  below  the  bandage  is  fully  distended  with  blood,  the 
ojierator  selects  the  most  prominent  vein  at  the  bend  of  the  elboAV,  which 
will  almost  iuvai'iably  be  the  median  basilic,  and  compresses  it  with  his  thumb 
below  the  point  at  which  it  is  intended  to  open  it;  this  serves  the  double 
purpose  of  steadying  the  vein,  and  preventing  a  premature  escape  of  blood. 
He  then  takes  the  lancet,  or  any  other  small,  sharp-pointed,  cutting  instrument 
if  a  hincet  be  not  at  hand,  and,  holding  it  by  the  blade  between  the  fore- 
finger and  thumb,  while  he  steadies  his  hand  by  resting  the  other  fingers  on 
the  arm  of  the  patient,  he  divides  the  skin  and  opens  the  vessel  by  a  single 
incision  about  one-third  of  an  inch  in  length,  carried  obliquely  across  the 
vein  and  dividing  its  anterior  wall.    He  then  takes  a  graduated  vessel,  and, 
holding  it  in  such  a  position  as  to  catch  the  blood,  he  removes  his  thumb 
from  the  vein,  and  allows  the  pi'oper  amount  to  escape.    During  the  operation 
the  patient  should  hold  some  round  body  in  his  hand,  which  he  can  grasp 
firmly  at  intervals,  by  which  means  the  blood  from  the  deep  veins  is  driven 
out  from  amongst  the  muscles  into  the  median  by  the  communicating  branch 
which  enters  it  just  before  its  bifurcation.    As  soon  as  a  sufficient  quantity  of 
blood  is  drawn,  the  constricting  band  on  the  arm  is  relaxed  ;  a  pad  of  lint  is 
applied  over  the  Avound,  and  secured  by  a  few  turns  of  a  figure-of-8  bandage. 
The  only  accident  that  can  happen  during  the  operation  is  a  wound  of  the 
brachial  artery,  whicii  usually  lies  immediately  beneath  the  median-basilic 
vein  near  the  point  selected  for  bleeding.  This  is  avoided  by  holding  the  blade 
of  the  lancet  short  and  firmly,  and  supporting  the  backs  of  the  three  inner 
fingers  on  the  patient's  arm  ;  while  by  a  movement  of  extension  of  the  wrist, 
the  point  of  the  instrument  is  made  to  move  in  a  segment  of  a  circle,  and  so 
to  open  the  prominent  vein  without  any  risk  of  penetrating  more  deeply  than 
is  intended.    If  from  inadvertency  the  patient  be  bled  in  the  recumbent 
position,  a  greater  quantity  of  blood  may  be  removed  than  is  intended  before 
the  eti'ect  on  the  pulse  is  produced. 
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Bleeding  from  the  external  jugular  vein  should  never  be  performed,  as  it  is 
accompanied  by  the  danger  of  entrance  of  air,  and  the  effect  produced  differs 
in  no  respect  from  that  of  bleeding  from  the  arm. 

Wbetlicr  blood-letting  be  practised  or  not,  we  must  endeavour  to  set  the 
secretions  free,  and  in  this  way  to  clear  the  blood  of  the  morbid  products 
accumulated  in  it.  If  we  can  bring  about  a  fall  action  of  the  liver,  with 
copious  bihous  evacuations  from  the  bowels  or  an  abundant  acid  perspiration 
from  the  skin,  or  a  copious  discharge  of  urine,  we  shall  diminish  the  con- 
stitutional disturbance  and  mitigate,  if  not  cut  short,  the  local  process.  With 
these  objects  in  view,  purgatives,  diaphoretics,  and  diuretics  are  to  be 
administered. 

Purgatives,  by  causing  dilatation  of  the  vessels  of  the  alimentary  canal, 
reduce  the  blood-pressure  in  other  parts,  and  this  effect  is  still  further  in- 
creased by  the  diminution  they  cause  in  the  general  mass  of  the  circulating 
fluid.  Moreover,  they  clear  the  intestinal  canal,  and  thus  favour  digestion 
and  assimilation  of  food.  From  the  frequency  with  which  diarrhoea  is 
associated  with  unhealthy  inflammatory  processes  it  seems  probable  that  the 
intestinal  tract  forms  an  important  channel  for  the  elimination  of  the  products 
of  such  inflammations  from  the  blood,  and  the  necessity  of  maintaining  a 
proper  action  of  the  bowels  would  thus  be  explained.  Experience  teaches  us 
also  that  in  inflammatoiy  affections  constipation  always  aggravates  the  eleva- 
tion of  temperature,  and  a  brisk  purgative  will  often  bring  it  down  one  or  two 
degrees.  This  is  especially  the  case  with  children.  Purgatives  should,  there- 
fore, always  be  given  eai'ly,  except  in  some  special  cases  of  acute  inflammation 
of  the  abdominal  organs.  In  general,  it  Avill  be  found  most  advantageous  to 
administer  a  mercurial,  followed  by  a  brisk  saline  purge  ;  and  this  should  be 
repeated  from  time  to  time  during  the  progress  of  the  case. 

Diuretics  and  Diaphoretics  are  of  much  use  when  fever  forms  a  marked 
feature  of  the  case,  and  they  should  then  be  administered  frequently  daring 
the  day.  Free  perspiration  lo^^'ers  tlie  temperature  by  increasing  the  loss 
of  heat  from  the  surface  of  the  body  and  the  dilatation  of  the  cutaneous 
vessels  tends  to  dimhiish  the  blood-pressure  in  internal  parts.  Both  the 
skin  and  kidneys  also  take  an  important  part  in  the  elimination  of  the  pro- 
ducts of  the  increased  tissue-change  which  forms  an  essential  feature  in  the 
febrile  process  ;  and,  unless  both  perform  their  functions  properly,  these  products 
may  accumulate  to  a  dangerous  extent.  The  diaphoretics  and  diuretics  most 
commonly  used  are  citrate  of  potash,  acetate  of  ammonia  and  nitrate  of 
potash.  If  the  skin  be  hot  and  dry,  small  quantities  of  antimony  may  be 
administered  either  in  the  form  of  antimonial  wine  conjoined  with  the 
salines  above-mentioned,  or  as  James's  powder  combined  with  Dover's  powder. 
Antimony  is  l)est  given  in  small  repeated  doses,  but  if  it  be  pushed  too  far,  so 
as  to  induce  distinct  nausea,  it  exerts  a  powerful  depressing  action  on  the 
heart,  and  consequently  its  elfects  must  always  be  carefully  watched. 

Aconite  in  small  doses  frequently  repeated — one  minim  of  the  tincture 
every  half  hour  for  four  hours  and  then  every  hour — exercises  a  most  marked 
influence  on  simple  inflammatory  fever  with  high  temperature,  but  with  no 
viscera]  complications.  It  lowers  the  force  and  frequency  of  the  pulse,  and 
produces  speedy  and  copious  sweating,  to  the  infinite  relief  of  the  patient. 

In  many  forms  of  acute  inflammation,  especially  those  which  affect  the 
serous  and  fibrous  membranes,  we  do  not  possess  a  more  cfiicient  ao-ent 
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than  mercury,  administered,  not  as  a  purgative,  but  as  an  alterative  to 
the  system.  And  I  confess  that  I  can  in  no  way  give  my  adherence  to  the 
doctrines  of  those  who,  disregarding  the  daily  evidence  of  professional  experi- 
ence, deny  the  utility  of  the  preparations  of  this  mineral  in  the  treatment  of 
certain  forms  of  inflammatory  disease.  Mercurial  remedies  are  of  special 
service  in  aiding  the  operation  of  other  medicines.  Diuretics,  diaphoretics, 
and  purgatives,  will  frequently  not  act  properly  unless  conjoined  with  a 
mercurial.  In  inflammation,  the  preparations  of  mercury  are  of  especial 
value  hi  proni,oting  the  absorption  of  exudation-matters,  as  Ave  may  see 
happening  under  their  influence  in  certain  diseases  of  the  eye.  Care,  how- 
ever, is  required  in  the  administration  of  mercury.  In  irritable  or  cachetic 
constitutions  it  should  not  be  given  at  all,  or  not  without  great  caution.  It 
is  best  borne  by  strong  constitutions,  and  in  acute  inflammation  of  the  serous 
and  fibrous  tissues. 

Calomel,  blue  pill,  and  powder  of  mercury  with  chalk,  are  the  preparations 
usually  emplt)yed  when  the  mineral  is  given  by  the  mouth.  When  it  is 
administered  endermically  the  mercurial  ointment  is  preferred.  The  mercury 
need  never  be  pushed  to  salivation,  but  in  some  cases  it  may  be  given  until 
the  gums  are  slightly  affected. 

It  is  especially  the  combination  of  calomel  with  opium  that  produces  the 
most  beneficial  effects  in  the  treatment  of  active  surgical  inflammation.  Half 
to  one  grain  of  calomel,  and  half  a  grain  or  a  grain  of  opium,  or  five  grains  of 
Dovei"'s  powder  with  three  of  mercury  and  chalk,  every  sixth  or  eighth  hour, 
tranquillise  the  system  and  diminish  the  force  of  the  heart's  action  in  a 
remarkable  manner,  especially  in  acute  inflammation  affecting  the  joints,  the 
eye,  or  the  serous  membranes. 

Opium  is  of  use  not  oidy  in  the  way  that  has  just  been  indicated,  but  is  of 
essential  service  in  allaying  the  pain  and  irritability  that  often  accompany 
inflammation,  especially  in  many  iuflammatory  aff'ections  of  the  bones  and 
joints.  In  the  form  of  Dover's  powder,  it  is  of  especial  value  in  this  respect, 
and  in  this  form,  alone  or  combined  with  James's  j)Owder,  it  forms  one  of  the 
most  powerful  diaphoretics  we  possess. 

The  hypodermic  injection  of  morphia,  invaluable  as  it  is  in  assuaging  pain, 
is  seldom  required  in  the  treatment  of  acute  inflannnation.  Opium  combined 
with  ipecacuanha  and  a  mercurial  is  preferable. 

In  the  treatment  of  acute  inflammation,  it  is  of  essential  consequence  that 
the  patient  should  be  kept  at  rest,  in  an  atmosphere  of  well-regulated  tempera- 
ture, and  on  low  diet ;  in  fact,  the  more  complete  the  abstinence  in  this 
respect,  the  more  rapidly  do  therapeutic  agents  act  and  the  febrile  symptoms 
cease. 

Local  Theatment. — This  is  of  the  utmost  importance,  as  it  directly  in- 
fluences the  tissues  and  vessels  that  are  deranged  in  action.  It  consists  of 
means  of  the  most  varied  and  opposite  characters.  Heat  and  cold  ;  iced 
water  and  hot  fomentations  ;  astringents  and  sedatives — arc  all  employed,  and 
all  with  success,  but  each  only  in  certain  stages  and  forms  of  the  disease  ; 
and  the  art  of  conducting  the  local  treatment  of  inflammation  consists  in 
adapting  the  various  means  at  our  disposal  to  the  particular  conditions  of  the 
case  before  us. 

Local  Blood-letting  is  the  most  efficient  means  we  possess  of  directly 
lessening  the  amount  of  blood  in  an  inflamed  part,  as  by  it  in  some  cases  we 
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take  blood  directly  from  the  distended  and  engorged  vessels.  It  does  not 
always  act,  lioweTcr,  quite  so  simply  as  this.  In  no  disease  is  the  benefit  of  local 
blood-letting  more  marked  than  in  acute  inflammation  of  the  middle  ear,  and 
yet  in  this  case  we  draw  the  blood  from  the  cutaneous  vessels  over  the  mastoid 
process.  In  acute  orchitis  relief  is  often  given  by  puncturing  the  distended 
veins  of  the  scrotum,  which  have  no  direct  connection  with  the  swollen  gland. 
In  these  cases  the  relief  is,  perhaps,  due  to  a  reflex  contraction  of  the  arteries 
leading  to  the  inflamed  part. 

Local  blood-letting  maybe  used  in  addition  to,  though  it  is  most  commonly 
employed  in  preference  to,  general  blood-letting,  especially  if  the  inflammation 
be  not  severe,  or  if  it  occur  at  either  of  the  extremes  of  life,  in  w'omen,  and  in 
persons  of  generally  feeble  power. 

Blood  may  be  taken  locally  by  punctures,  scarifications,  or  incisions,  or  by 
leecliing  or  cupping. 

Punctures,  scarifications,  and  incisions  can  be  practised  only  in  in- 
flammation of  the  cutaneous  and  exposed  mucous  surfaces,  due  attention  being 
paid  to  subjacent  parts  of  importance.  They  constitute  a  very  efficient  means 
of  relieving  the  part,  as  not  only  is  blood  removed,  but  an  exit  is  afibrded  for 
effused  matters  ;  tension  is  consequently  materially  lessened,  and  the  tendency 
to  sloughing  and  other  evil  after-eflFects  perhaps  prevented.  The  removal  of 
the  tension  of  inflamed  parts  is  not  only  of  the  greatest  advantage  locally,  but 
is  of  considerable  service  to  the  system  at  large  by  lessening  the  pain  and 
general  irritation  that  are  always  occasioned  by  it.  Punctures  should  be 
made  vrith  a  fine  lancet,  in  parallel  rows  over  the  inflamed  surface,  and  should 
not  exceed  a  quarter  of  an  inch  in  depth.  Scarifications  are  in  reality  small 
and  short  incisions.  They  may  be  made  across  swollen  and  congested  vessels, 
Avhich  will  bleed  freely,  as  in  the  relief  of  a  chemosis  of  the  lower  eyelid.  A 
modification  of  puncture  is  sometimes  practised  by  opening  the  veins  in 
the  neighbourhood  of  the  inflamed  part  at  several  points  at  once.  Thus, 
in  inflannnation  of  the  testis,  the  scrotal  veins  may  be  punctured  with 
advantage. 

When  incisions  are  required  they  must  always  be  made  in  the  axis  of  the 
limb,  and  should  be  so  arranged  as  to  afford  the  greatest  possible  relief  to  the 
tension.  Their  length  and  their  depth  must  vary  according  to  the  seat  of  the 
inflammation.  Thus  in  the  inflamed  conjunctiva  they  must  of  course  be  very 
limited,  wdiilst  in  phlegmonous  inflammation  of  a  limb  they  may  be  of  much 
greater  extent  and  depth.  Care  must  be  taken  as  ftir  as  possible  not  to 
wound  superficial  arteries  or  veins  of  sufiicient  size  to  bleed  dangerously. 
Bleeding  from  punctures  and  incisions  may  be  encouraged  by  warm 
fomentations. 

Leeches  are  usefully  applied  to  the  neighbourhood  of  inflamed  parts,  but 
should  not  be  put  upon  the  inflamed  surface  itself,  as  their  bites  irritate. 
There  are  certain  situations  in  which  leeches  should  not  be  placed,  as  over  a 
large  subcutaneous  vein,  or  in  regions  where  there  is  much  loose  areolar  tissue, 
as  the  scrotum  or  eyelids,  lest  troublesome  haimorrhage  or  ecchymosis  occur' 
So,  also,  they  should  not  be  applied  near  a  specific  ulcer,  lest  the  bites  become 
inoculated  by  the  discharge.  The  bleeding  from  a  leech-bite  may  be  encou- 
raged by  warm  poulticing  or  fomentations  for  some  time  after  the  animal  has 
dropped  off.  In  this  way  from  half  an  ounce  to  an  ounce  of  blood  mav  be 
taken  by  each  leech.    There  is  usually  no  difficulty  in  arresting  the  hjBmor- 
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rhage  from  the  bite  ;  should  tlicrc  be  any  difficulty,  continued  pressure  with 
some  scraped  lint,  felt,  matico,  or  powdered  alum,  will  generally  succeed.  If 
this  do  not,  which  may  happen  in  some  situations  where  pressure  cannot  be 
conveniently  applied,  as  on  the  neck  and  abdomen,  particularly  in  young 
children,  a  piece  of  nitrate  of  silver  scraped  to  a  point,  or  a  heated  wire,  intro- 
duced into  the  bite,  previously  wi[)ed  dry,  or  a  needle  with  a  twisted  suture 
over  and  around  it,  may  be  required. 

Cupping  may  be  either  "  wet "  or  "  dry  "  ;  dry  cupping  consists  of  the 
application  of  the  cupping  glasses  to  the  skin  without  making  any  previous 
scarifications.  It  is  a  means  of  causing  a  determination  of  blood  to  the 
surfxce  for  the  purpose  of  diminishing  the  flow  to  an  internal  organ.  Thus  in 
congestion  of  the  kidneys  following  an  operation  on  the  urethra  or  bladder, 
dry  cupping  in  the  loins  is  often  of  considerable  use.  It  is  employed  especially 
in  those  patients  whose  constitutional  state  does  not  justify  the  abstraction  of 
blood.  The  instruments  required  are  a  spirit  lamp  with  a  largo  flame,  and 
the  cupping  glasses.  These  are  made  of  thick  glass  and  are  dome-shaped 
with  smoothly -ground  edges.  The  operation  consists  merely  of  rarifying  the 
air  in  the  cupping  glass  by  means  of  the  flame  of  the  spirit  lamp,  and  in- 
stantly applying  the  glass  firmly  and  evenly  to  the  skin.  The  intention 
is  not  to  heat  the  glass  but  the  air  contained  in  it,  and  in  fact  to  a  great 
extent  to  replace  the  air  by  the  products  of  combustion  of  the  flame  of  the 
lamp.  It  is  for  this  reason  that  a  large  flame  completely  filling  the  glass 
should  be  used.  If  the  operation  be  properly  performed  the  site  of  the  glass 
will  be  marked  by  a  bruise  due  to  the  rupture  of  the  capillary  vessels  in  the 
area  included  in  the  vacuum. 

In  wet  cupping  the  glass  is  applied  in  the  same  way  over  a  number  of 
superficial  incisions  which  are  made  instantaneously  by  the  "  scarificator," 
an  instrument  provided  with  a  number  of  parallel  knives  worked  by  a  spring 
and  released  by  a  trigger.  The  (juantity  of  blood  extracted  is  regulated  by 
the  size  of  the  glass,  and  the  flow  from  the  superficial  wound  ceases  the  moment 
it  is  removed.  Cupping  cannot,  however,  be  employed  upon  the  inflamed 
surface  itself,  on  account  of  the  pain  and  irritation  that  it  would  occasion,  and 
is  consequently  chiefly  applicable  to  internal  inflammations.  As  the  scars 
made  by  the  scarificators  continue  through  life,  cupping  should  not  be 
practised  upon  exposed  surfaces. 

Cutting  off  the  Supply  of  Blood  from  the  inflamed  part  by  the  ligature  of 
the  main  artery  leading  to  it  has  been  adopted  in  some  cases.  Thus,  in  acute 
inflammation  of  a  joint,  the  main  artery  of  the  limb  has  been  tied — the  femoral, 
for  instance,  in  inflanmiation  of  the  knee-joint.  By  many  Surgeons,  and  by 
most  patients,  the  remedy  would  be  considered  far  worse  than  the  disease  for 
the  cure  of  wliich  it  is  proposed. 

Vanzetti  has  recommended  digital  pressure  on  the  arteries  in  inflammation. 
He  has,  for  instance,  related  a  case  of  severe  acute  inflammation  of  the  hand, 
relieved  by  twenty-four  hours'  continuous  pressure  on  the  brachial  artery. 
Neudorfer  speaks  highly  of  the  proceeding,  which  he  regards  as  surpassing 
all  others  in  efficacy,  rendering  even  unnecessary  the  ordinary  antiphlogistic 
treatment.  He  recommends  intermittent  pressure  for  not  less  than  three,  and 
not  more  than  eight,  minutes  three  or  four  times  a  day.  The  method  is  ap- 
plicable to  inflammation  of  any  part  of  which  the  artery  is  within  reach  ;  and, 
though  we  may  not  go  so  far  with  Neudorfer  as  to  suppose  that  it  obviates  all 
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necessity  for  constitutional  treatment,  it  appears  to  bo  a  remedy  preferable  in 
many  cases  to  local  blood-letting. 

In  Cold  and  If  cat  we  possess  two  most  important  local  means  of  controlling- 
inflammation.    Tliey  cannot,  however,  be  employed  indiscriminately. 

Cold. — The  use  of  cold  in  the  prevention  of  inflammation  has  been  already 
described  (p.  IDCJ).  When  inflammation  is  fully  established  with  its  cardinal 
symptoms  of  redness,  swelling,  heat,  and  pain,  cold  can  scarcely  be  api)lied 
without  doing  harm ;  as,  although  it  may  lead  to  a  diminished  flow  of  blood  to 
the  part  by  causing  contraction  of  the  arteries,  it  tends  still  further  to  lower 
the  vitality  of  the  affected  tissues,  and  thus  to  increase  the  adhesion  of  the 
corpuscles  and  the  retardation  of  the  flow,  till  stasis,  followed  by  death  of  the 
part,  may  result.  Cold  should  never  be  had  recourse  to  when  suppuration  is 
coming  on  or  has  set  in  ;  still  less  should  it  be  employed  when  there  is  a 
tendency  to  mortification.  The  modes  of  applying  cold  have  already  been 
described  (p.  ID 7). 

When  acute  inflammation  has  passed  oS"  and  the  vessels  of  the  part  remain 
relaxed  and  turgid,  the  application  of  cold  is  often  a  powerful  agent  in  re- 
storing the  tone  of  the  parts.  For  this  purpose  cold  salt-water  douching  or 
sponging  is  the  most  ethcacious. 

Warmth  and  moisture,  conjoined,  are  of  the  utmost  service  in  the  treat- 
ment of  inflammation  during  the  height  of  that  process — during  that  period 
when  cold  applications  are  not  admissible.  By  these  means,  tension  is  relaxed, 
effusion  is  faA'oured,  and  the  over-distended  vessels  are  relieved.  Warm  ap- 
plications are  especially  serviceable  in  all  cases  of  inflammation  attended  by 
much  pain,  more  particularly  if  this  occur  from  tension ;  and  they  are  parti- 
cularly useful  when  suppuration  is  threatening,  or  has  come  on,  and  in  many 
cases  in  which  there  is  a  tendency  to  sloughing. 

AVhen  abscess  threatens,  and  the  skin  is  not  broken,  nothing  affords  so 
much  relief  as  a  well-made  linseed-meal  poultice.  To  make  this  smooth 
and  soft,  the  meal  jnust  be  gradually  added  to  the  proper  amount  of  boiling 
water,  being  vigorously  stirred  at  the  same  time.  If  the  water  be  added  to 
the  meal,  the  mass  is  apt  to  become  lumpy.  It  must  be  spread,  not  too 
thickly,  on  a  piece  of  linen-rag,  and  applied  as  hot  as  the  patient  can  bear  it. 
It  is  better  to  use  meal  from  which  the  oil  has  not  been  expressed,  or  to  add 
to  the  ordinary  linseed  meal  a  small  quantity  of  olive  oil,  which  prevents  its 
drying  and  sticking  to  the  skin.  But,  useful  as  poultices  are  for  the  relief  of 
tensive  pain,  or  the  hastening  of  suppuration  when  applied  to  the  unbroken 
surface,  they  are  most  objectionable  when  applied  to  a  wound,  ulcer  or 
granulating  surface.  Then  they  merely  encourage  putrefaction.  In  such 
cases  wet  dressing,  consisting  of  a  double  or  triple  layer  of  lint,  well  soaked 
in  a  warm  solution  of  carbolic  acid,  or  boracic-acid-hnt  moistened  with  a 
hot  solution  of  boracic  acid,  may  be  appUed  and  covered  by  oiled  silk 
extending  half  an  inch  to  an  inch  beyond  it  on  all  sides.  This  may  be 
covered  with  a  thick  layer  of  cotton-wool  secured  by  a  bandage.  By  these 
means  we  obtain  an  ajiphcation  which  is  cleaner  and  lighter  than  a  poultice, 
and  which  retains  its  heat  equally  long. 

romentations  of  warm  water,  or  of  decoction  of  poppy  and  camomile 
flowers,  applied  by  means  of  flannels  wrung  out  of  these  liquids,  or  of  bags 
containing  the  boiled  plants,  well  soaked  in  the  decoction,  squeezed  out,  and 
applied  hot,  are  very  useful  in  extensive  superficial  inflammations.  '  The 
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flannels  and  bags  should  be  well  covered  with  oiled  silk  or  rubber  cloth,  so 
as  to  retain  the  heat,  and  to  prevent  evaporation.  kSpongio-piliue  may  be 
used  as  a  substitute  for  ordinary  fomentations,  in  cases  in  which  the  surface  is 
unbroken. 

Dry  cotton-wool  heated  before  a  fire,  ap]-»lied  warm,  and  covered  with  a 
large  sheet  of  oiled  silk,  may  sometimes  be  conveniently  sul)stituted  for  a 
fomentation.  The  watery  vapour  given  off  from  the  skin  being  enclosed  by 
the  oiled  silk  forms  a  sort  of  warm  vapour  bath  for  the  affected  part.  Dry 
heat  in  the  form  of  flannels,  or  bags  of  l)ran  toasted  before  the  fire  or  heated 
in  an  oven,  are  often  convenient  applications,  especially  for  the  head  or 
abdomen. 

Belladonna,  applied  externally,  exercises  a  very  distinct  and  rapid  con- 
trolling influence  over  superficial  inflammations  of  an  acute  and  spreading 
character.  It  is  supposed  to  act  partly  by  causing  contraction  of  the  muscular 
coats  of  the  small  arteries  by  its  direct  action  on  the  vaso-motor  nerves,  and 
partly  by  its  sedative  effect  on  the  cutaneous  sensory  nerves,  stimulation  of 
which,  as  we  have  before  seen,  causes  by  reflex  action  a  dilatation  of  the  vessels 
in  the  area  irritated.  It  is  best  applied  as  a  paint  composed  of  equal  parts  of 
the  extract  and  of  glycerine,  which  may  be  smeared  on  the  inflamed  part  and 
covered  by  cotton-wool,  or  hot  fomentations  may  be  put  on  over  it  with  the 
greatest  advantage.  There  need  be  no  fear  of  producing  symptoms  of  bella- 
donna poisoning,  even  when  large  surfaces  are  painted  with  the  extract  and 
glycerine.  I  have  frequently  painted  the  whole  arm  in  this  way  without  any 
unpleasant  effect  ;  and  the  most  I  have  ever  noticed  has  been  a  little  dryness 
of  the  throat  after  some  days'  use  of  the  drug.  The  belladonna  and  glycerine 
must  be  carefully  kept  out  of  the  way  of  children,  as  its  taste  is  not  un- 
pleasant, and  they  are  very  likely  to  eat  it  by  mistake  for  treacle.  Two 
such  cases  have  been  lately  admitted  into  University  College  Hospital,  both 
of  which  fortunately  recovered. 

Position  and  Rest. — The  inflamed  part  should  when  possible  be  placed  in 
such  a  position  as  to  facilitate  the  return  of  blood  from  it.  Unless  this  be 
done,  the  pain  is  greatly  increased,  and  the  congestion  augmented.  Hence 
the  part  requires  to  be  elevated  to  a  level  with,  or  above,  the  rest  of  the  body. 
All  motion  and  use  of  the  part  must  likewise  be  interdicted,  and,  if  necessary, 
restrained  by  splints  or  other  appliances. 

These  are  the  means  by  which  acute,  active  inflammation  is  arrested  and 
cured.  In  their  employment,  we  must  endeavour  to  proportion  the  activity 
of  our  measures  to  the  age,  constitution,  and  vigour  of  the  patient,  and  to  the 
seat  and  intensity  of  the  local  disease  :  and  must  continue  the  treatment  until 
the  inflammatory  process  is  not  only  arrested,  but  has  entirely  subsided,  the 
part  being  restored  to  its  ordinary  healthy  state. 

Treatment  of  Acute  Infla3imation  with  Constitutional  Smptoms 
OF  the  Asthenic  Type.— This  form  of  inflammation  derives  its  peculiari- 
ties fi-om  the  character  of  the  constitutional  disturbance,  rather  than  from 
any  peculiarity  in  the  local  affection.  Hence  it  is  in  the  management  of 
the  constitutional  condition  that  the  principal  difference  exists  between  the 
treatment  of  this  and  that  of  the  other  varieties  of  acute  inflammation. 

In  considering  this  part  of  our  subject,  it  is  of  especial  importance  to  banish 
the  term  "  antiphlogistic ; "  for  the  same  treatment  that  would  arrest  inflam- 
mation in  one  form  of  the  disease,  would  certainly  favour  its  progress  in 
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another.  Notliinp-  appears  to  me  to  be  more  unscientific  than  to  endeavour  to 
treat  all  inflammations  on  one  uniform  plan.  Surely  the  scoffers  at  medical 
science  have  some  ground  for  doubting  at  least  the  wisdom  of  its  Professors, 
when  they  see  one  set  of  practitioners  treating  every  inflammatory  disease  ■with 
depletion,  antimony,  and  calomel,  whilst  others  teach  that  the  panacea  for  all 
inflammations  consists  in  brandy,  ammoniii,  and  bark.  It  is  impossible  that 
both  methods  can  be  right,  as  exclusive  plans  of  treatment.  But  the  error 
lies  in  making  them  exclusive.  Each  is  serviceable  in,  and  indeed  applic- 
able only  to,  its  own_  particular  cases.  And  between  these  extremes  lie  a 
multitude  of  foi'ms  of  disease,  in  which  endless  modifications  and  combina- 
tions of  these  two  methods  of  treatment — the  stimulating  and  the  depletory — 
must  be  adopted  by  the  Surgeon  in  order  to  meet  the  varying  conditions  of 
his  patient.  The  local  symptoms  that  accompany  the  inflanmiatory  process, 
whether  occurring  externally  or  internally,  in  the  conjunctiva  or  in  the  lung, 
are  associated  with  constitutional  disturbance  that  varies  according  to  the  age  ,1 
and  the  constitutioiial  condition  of  the  patient.  It  is  the  type  assumed  by  this 
constitutional  disturbance,  its  sthenic  or  its  adynamic  character,  as  indicated 
by  the  general  condition,  by  the  pulse,  and  by  the  tongue,  and  not  the  mere  local 
disease,  that  must  guide  the  Surgeon  in  the  adoption  of  his  line  of  practice. 
We  may  advantageously  treat  with  antimony  and  blood-letting  acute  inflam- 
mation of  the  eye,  or  that  which  is  the  consequence  of  a  wound  of  the  lung,  in 
an  otherwise  healthy  and  robust  man  of  thirty ;  whilst  in  a  broken  man  of 
seventy,  ammonia,  bark,  port  wine  and  brandy  would  be  equally  proper ;  but  if 
we  were  (except  under  peculiar  and  unusual  circumstances)  to  reverse  this 
treatment — to  stimulate  the  young  or  vigorous,  and  to  deplete  the  aged  or 
feeble — we  should  act  contrary  to  common  sense,  and  probably  destroy  rather 
than  cure  our  patients.  It  is  of  far  greater  importance  to  be  able  to  estimate 
accurately  the  true  constitutional  condition  of  the  patient,  than  to  be  able  to 
form  a  minute  diagnosis  of  the  precise  seat,  extent,  and  depth  of  the  local 
mischief.  It  is  a  fatal  error,  too  often  committed,  to  attach  the  chief  import- 
ance to  the  detection  of  the  local  malady,  and  to  regard  the  recognition  of  the 
character  of  the  accompanying  constitutional  disturbance  as  of  minor  interest. 
The  Surgeon,  wlio  acts  thus,  runs  the  risk  of  treating  the  Name  and  not  the 
Disease.  If  we  treat  erysipelas  or  pneumonia  as  mere  affections  of  the  skin  or 
of  the  lung,  on  one  uniform  i)lan,  without  reference  to  the  type  of  the  con- 
stitutional disturbance  accompanying  them,  we  shall  miserably  err  in  a  laro-e 
proportion  of  the  cases.  But  if  we  make  the  constitution  of  the  patient  our 
guide,  and  deplete  or  stimulate  accordingly — even  though  we  treat  two 
patients  with  the  same  disease,  so  far  as  name  is  concerned,  on  totally  opposite 
plans — we  shall  not  act  inconsistently,  but  in  strict  conformity  with  the 
natural  condition  of  the  patient  and  of  his  disease. 

We  must  be  guided  in  the  means  that  we  adopt  entirely  by  the  condition  of 
the  patient,  the  state  of  the  tongue  and  pulse,  and  the  general  character  of  the 
symptoms.  If  these  fi-om  the  first  partake  of  the  asthenic  type,  we  cannot  at 
any  period  have  recourse  to  the  treatment  that  has  been  recommended  in 
inflammations  accompanied  by  sthenic  fcA'er.  If  the  disease  commence  in  an 
active  form,  the  fever  progi'cssively  assuming  a  lower  and  lo^ver  character 
merging  into  the  asthenic  type,  so  must  we  gradually  modify  the  nature  of  our 
general  treatment.  This,  however,  is  always  a  delicate  procedure,  requirino- 
much  caution.  Though  the  inflammatory  fever  may  at  first  assume  the  sthenic 
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form,  if  there  be  reason  to  believe,  from  the  broken  constitntion  of  the  patient, 
or  from  the  character  of  the  local  inflammation,  that  the  constitutional  symptoms 
will  not  lon;>-  continue  of  this  type,  we  must  be  extremely  cautious  how  \\  e  lower 
the  patient  by  active  depletion ;  for,  however  hij>-h  the  fever  may  at  first  run 
(and  in  these  cases  there  is  often  febrile  disturbance  of  a  veiy  active  character 
for  the  first  few  days),  the  disease  speedily  expends  its  force  and  rapidly 
subsides  into  a  low  form.  In  cases  of  this  kind,  which  are  of  very  common 
occurrence  in  London  practice,  more  particularly  in  hospitals,  we  should  never 
bleed,  but  content  ourselves,  after  clearin,i>-  out  the  bowels,  with  keeping-  the 
patient  quiet  on  a  moderately  low  diet,  and  administering-  diaphoretic  salines. 
As  the  symptoms  gradually  merge  into  the  typhoid  type,  the  pulse  increasing 
in  frequency,  but  diminishing  in  power,  the  tongue  becoming  dry  and  dark, 
and  the  other  symptoms  of  asthenia  beginning  to  show  themselves,  we  must 
begin  to  give  some  stimulant  in  combination  with  the  salines.  The  carbonate 
of  ammonia  in  three  to  five  grain  doses,  or  even  more,  may  be  given  with 
bark,  or  in  an  efiervescent  form  with  bicarbonate  of  potash  and  citric  acid, 
every  third  or  fourth  hour.  A  convenient  form  of  this  mixture  is  fifteen 
grains  of  bicarbonate  of  potash  and  an  equal  quantity  of  carbonate  of 
ammonia,  and  twenty-five  grains  of  citric  acid.  These  must  be  thoroughly 
dissolved,  the  citric  acid  in  one  glass,  and  the  alkaline  carbonates  in  another, 
each  containing-  about  four  ounces  of  water.  The  two  solutions  may  then  be 
mixed  and  taken  whilst  effervescing.  The  nourishment  must  be  increased  ; 
and  wine  or  alcoholic  stimnlants  must  be  conjoined  with  it,  in  proportion 
as  the  symptoms  of  debility  become  more  and  more  marked.  In  effecting 
this  change,  however,  we  must  be  careful  not  to  run  into  the  error  of  over- 
stimulating  our  patient ;  this  may  be  avoided  by  observing  the  influence 
exercised  on  the  pulse  and  tougue  and  temperature  by  the  change  in 
treatment. 

In  the  majority  of  cases,  this  stimulating  plan  is  not  well  borne  during  the 
first  few  days  after  the  setting  in  of  an  inflammation,  especially  if  there  be 
gastric  irritation  and  sickness ;  but  when  the  more  active  symptoms  show  a 
tendency  to  subside,  when  the  l)Owels  have  been  well  cleared  out,  and  the  skin 
is  beginning  to  assume  a  slight  degree  of  moisture,  then  it  may  be  resorted  to 
with  eveiy  probability  of  success. 

But  it  may  happen  that  the  symptoms  so  rapidly  sink  into  an  asthenic 
character,  or  from  the  very  first  assume  it,  that  the  only  treatment  which 
holds  out  a  prospect  of  saving  the  patient's  life  consists  in  the  early  and  free 
administration  of  tonics  and  stimulants,  with  mild  nourishment,  such  as 
ammonia  and  bark,  wine,  brandy,  or  porter,  with  beef-tea  and  arrowoot ;  and 
of  these,  large  quantities  may  be  required  in  the  four-and-twenty  hours,  the 
patient  evincing  a  tendency  to  sink  whenever  their  use  is  interrupted.  Although 
stimulants  be  freely  administered  in  these  cases,  the  food  should  be  Idand  aud 
capable  of  easy  assimilation.  It  is  worse  than  useless  to  give  meat,  &c.,  when 
the  patient  cannot  digest  it ;  but  beef -tea,  eggs,  and  farinaceous  food,  may  be 
given  in  large  quantities  with  advantage.  The  brandy-and-egg  mixture  of  the 
Pharmacopoeia,  if  well  made,  combining  nutriment  and  stimulus,  is  the  best 
remedy  that  can  be  administered  in  many  cases. 

Under  this  plan  of  treatment  the  tongue  will  be  found  to  become  moist,  the 
brown  sordes  to  clear  off  from  the  inside  of  the  mouth,  the  pulse  to  become 
steady  aud  full,  the  temperature  to  fall,  sleep  to  be  procured,  and  the  strength 
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maintained.  If  tliere  be  nmch  cTelirinni  and  restlessness,  we  may  find  it 
necessaiy  to  combine  opiates  \\  ith  tlie  general  treatment. 

In  the  low  forms  of  inflammatory  fever,  congestive  jonenmonia  and  bron- 
chitis frequently  supervene.  In  this  complication,  the  following  draught  may 
be  advantageously  given  every  third  or  fourth  hour : — R  Tincturae  CamphorfB 
comp.  w\  XX.  ad  xxx.,  Araraoniaj  Carbonatis  gr.  v.,  Decocti  Senegfe  5  i^s. 
lluljefacients,  blisters,  or  dry  cupping  may  also  be  ap])lied  to  the  chest.  The 
diarrhoea  that  not  unfrequently  occurs  must  be  met  Avith  opiates  and  astringents ; 
and  if  the  urine  cannot  be  passed,  it  must  be  drawn  oflF  by  the  catheter. 

The  more  I  sec  of  inflammatory  fever,  the  more  confidence  do  I  feel  in  this 
stimulating  plan  of  treatment,  which  is  the  only  method  of  successfully 
carrying  jiatients  through  the  disease  should  it  assume  the  asthenic  type. 
Fortunately,  though  its  treatment  is  not,  in  many  cases,  as  satisfactory  as  we 
could  wish,  its  prevention  has  of  late  years  come  to  be  much  better  understood. 
In  a  certain  proportion  of  cases  the  constitutional  state  of  the  patient  is  such 
that  any  inflammatory  process  will  certainly  assume  this  type,  but  in  the 
majority  of  cases,  the  special  constitutional  state  is  secondary  to  an  unhealthy 
septic  or  infective  process  going  on  in  the  seat  of  inflammation.  By  the 
prevention  of  these  unhealthy  processes  by  the  modern  treatment;  of  wounds, 
and  by  the  improvement  of  the  general  hygienic  conditions  of  our  hospitals, 
much  has  been  done  to  prevent  the  occurrence  of  the  worst  form  of  asthenic 
inflammatory  fever. 


CHRONIC  INFLAMMATION. 


The  preceding  description  has  referred  solely  to  acute  inflammation,  and  it 
now  remains  to  give  a  brief  summary  of  the  distinctive  characters  of  the 
chronic  form  of  the  process  and  to  describe  its  treatment. 

Chronic  inflammation,  although  it  differs  in  its  course,  symptoms,  and  effects 
from  the  acute  form,  is  but  a  modification  of  the  same  process.  In  acute 
inflammations,  the  essential  features  are  a  diminution  of  the  vital  activity  of 
the  walls  of  the  vessels  and  the  surrounding  tissues,  dilatation  of  the  vessels, 
with  exudation  and  infiltration  of  the  affected  area  Avith  new  cells,  accompanied 
by  changes  of  a  degenerative  or  destructive  character  in  the  original  tissues  of 
the  part.  In  chronic  inflammation  all  these  phenomena  are  met  with,  but  in 
a  loAver  degree  and  less  strongly  marked,  and  it  will  be  most  convenient  to 
consider  them  in  the  same  order  as  in  the  acute  process. 

The  dilatation  of  the  vessels  and  determination  of  blood  is  much  less.  The 
chronic  distension,  hoAvever,  lasting  as  it  may  do  for  an  indefinite  period, 
leads  to  a  permanent  loss  of  tone  and  dilatation,  especially  in  the  small  veins' 
Avhich,  in  chronically  inflamed  parts,  can  often  be  seen  clearly  Avith  the  naked 
eye.  The  relaxation  of  the  arteries  is  less  complete,  and  there  is  oflen  a 
tendency  to  slackened  circulation.  The  redness  of  chronic  inflammation  is 
therefore  as  a  rule  more  dusky  than  tliat  of  acute.  The  whole  process  beiuo- 
due  to  a  slighter  degree  of  irritation,  the  impairment  of  vitality  in  tlie 
vascular  walls  is  not  so  great,  and  the  tendency  of  the  corpuscles  to  adhere 
and  migrate  is  consequently  much  less.  Migration,  lioAA'ever,  does  occur 
but  not  to  the  extent  nor  Avith  the  rapidity  obserA'cd  in  acute  inflammation' 
The  exudation  that  accompanies  the  migration  is  in  the  majority  of  cases  less 
rich  in  albumen  and  in  the  constituents  of  fibrin  than  that  which  escapes  in 
acute  inflammation,  as  the  vessels,  though  allowing  more  liquid  than  mitural 
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to  exude,  have  still  sufficient  vitality  remaining  to  exert  a  selective  influence 
on  Avhat  passes  through  their  walls.  Thus  in  chronic  inflammations  of  serous 
or  synovial  cavities,  we  frequently  find  them  distended  with  a  fluid  of  con- 
siderably lower  specific  gravity  than  that  of  the  liquor  sanguinis,  and  not 
possessing  the  power  of  spontaneous  coagulation. 

The  tissues  of  a  part  afiected  by  chronic  inflammation  become,  as  iu  the 
acute  process,  infiltrated  by  new  cells.  In  the  acute  process,  it  may  now  be  said 
to  be  proved  that  all  these  cells  are  white  corpuscles  that  have  migrated  from 
the  vessels,  and  possibly  multiplied  by  division  m  their  new  situation.  In 
chronic  inflammation,  although  migration  does  take  place,  it  is  doubtful 
whether  some  of  the  new  cells  may  not  be  derived  from  multiplication  of  the 
original  connective-tissue-corpuscles  of  the  part.  In  very  chronic  processes  in 
which  the  impairment  of  vitality  is  slight,  this  does  not  seem  impossible.  Be 
that  as  it  may,  the  new  cells  which  appear  may  undergo  a  variety  of  changes 
according  to  circumstances.  If  the  part  recovers,  they  may,  as  in  acute 
inflammation,  disappear,  either  finding  their  way  back  into  the  vessels  or 
undergoing  disintegratiou  and  absorption.  In  other  cases,  they  may  become 
heaped  up,  slowly  destroying  or  displacing  the  surrounding  tissues  till  they 
form  a  mass,  often  of  considerable  size,  as  in  chronic  inflammations  of 
the  synovial  membranes  of  joints ;  in  these  masses  of  cells  new  vessels  are 
formed,  but  the  vascularization  of  the  new  growth  is  always  more  or  less 
imperfect,  so  that  degenerative  changes  early  set  in  for  want  of  sufficient 
supply  of  nutriment.  Thus,  in  chronic  inflammation  of  joints,  we  may  find, 
replacing  the  synovial  membrane,  a  soft  pulpy  mass  of  tissue,  perhaps  an 
inch  in  thickness.  The  layer  of  this,  in  nearest  relation  to  the  vessels  of  the 
surrounding  healthy  structures,  is  moderately  supplied  with  new  vessels,  and 
presents  the  ordinary  appearances  of  healthy  granulation- tissue  ;  next  to  this  is 
a  layer  containing  few  vessels,  and  here  masses  of  protoplasm  containing  many 
nuclei  are  often  met  with.  Lastly,  we  find  a  layer  in  which  the  cells  have 
perished  from  want  of  blood  supply.  If  they  are  still  recognizable  as  cells, 
they  are  withered  and  shrunken  and  filled  with  fat-granules  ;  but  usually 
they  are  in  part  at  least  reduced  to  a  granular  mass,  in  Avhich  no  individual 
elements  are  any  longer  to  be  seen.  This  fatty  layer  may  soften  and  break 
down  into  a  fluid,  which  somewhat  resembles  pus  in  appearance,  but  on  micro- 
scopic examination  is  found  to  contain  few,  if  any,  pus-cells.  The  collection 
of  fluid  thus  formed  is  called  a  chronic  or  cold  adscpss. 

Another  fate  that  may  befall  the  accumulations  of  cells  formed  as  a  conse- 
quence of  chronic  inflammation  is,  that  after  undergoing  complete  fatty 
degeneration,  the  mass  so  formed  may  become  dry  and  cheesy  by  the  absorp- 
tion of  its  fluids.  The  caseous  masses  thus  formed  may  remcain  in  this  state 
for  an  indefinite  period,  but  at  any  time  they  may  soften  from  causes  as  yet 
but  imperfectly  understood.  In  the  process  of  softening,  the  cheesy  matter 
undergoes  chemical  changes  which  give  it  irritating  properties ;  and,  as  the 
result  of  this,  inflammation  of  a  more  acute  character  with  suppuration  may 
be  set  up,  leading  to  ulceration  in  the  tissue  surrounding  it,  or  to  the  forma- 
tion of  an  abscess  which  finds  its  way  to  the  surface,  and  thus  the  caseous 
matter  may  be  eliminated  from  the  body. 

Another  change,  the  reverse  of  softening,  may  take  place,  when  the  mass  is 
of  small  size  ;  it  may  shrink  and  dry  up  more  completely,  and  lime-salts  may 
be  deposited  in  it,  forming  a  chalky  concretion,  which  remains  permanently 
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iiuchaiigeable  and  harmless.  Chronic  iufiammatiou,  with  caseation  of  the 
inflammatory  products  and  the  after-clianges  of  softening,  are  of  frequent 
occurrence  in  lymphatic  glands,  bones,  and  the  subcutaneous  tissue  ;  calcifica- 
tion is  occasionally  met  with  in  l)one,  and  is  very  common  in  the  lymphatic 
glands. 

Chronic  inflammation  gives  rise  to  yet  another  change,  differing  essentially 
from  those  already  descrilied,  viz.,  to  an  overgrowth  of  the  connective  tissue 
of  the  affected  part.  This  forms  tlie  most  marked  feature  of  many  forms  of 
chronic  inflammation,  as  in  chronic  interstitial  inflammation  of  glandular 
organs,  chronic  osteitis  and  periostitis,  chronic  arteritis,  and  chronic  inflam- 
matory affections  of  the  skin.  Many  of  these  affections  are  so  far  removed 
from  inflammation  in  their  clinical  features,  that  some  pathologists  have 
hesitated  to  apply  that  term  to  them.  But  they  resemble  inflammation  in 
being  the  result  of  irritation,  and  in  being  characterised  by  a  diminished 
vitality  of  the  affected  part,  as  indicated  by  the  readiness  with  which  a  slight 
injury  converts  the  chronic  process  into  an  acute  inflammation  of  the  ordinary 
type.  ]\Iicroscopic  examination  of  tissues  or  organs  fi'om  different  cases  affected 
in  this  way,  shows  every  possible  variation  between  the  infiltration  of  the  con- 
necti\'e  tissue  with  innumerable  new  cells  indistinguisha1)lc  from  the  wander- 
ing leucocytes  of  acute  inflammation,  and  probably  identical  with  them,  and 
the  development  of  a  tissue  composed  of  dense  rigid-looking  fibres  between 
which  are  found  a  few  elongated  cells.  In  fact,  no  sharp  line  can  be  drawn 
between  acute  interstitial  inflammation  and  the  chronic  form  with  filiroid 
induration.  In  bone,  chronic  inflammation  of  this  type  is  shown  by  thicken- 
ing of  the  periosteum  and  formation  of  new  bone  beneath  it,  by  increased 
density  of  the  compact  tissue,  with  narrowing  or  obliteration  of  the  Haversian 
canals,  or  by  condensation  of  the  cancellous  tissue.  In  arteries,  the  growth 
takes  place  chiefly  ft'om  the  outer  layer  of  the  inner  coat,  and  the  new  tissue 
closely  resembles  the  old  in  structure. 

The  exact  origin  of  the  new  tissue  has  never  been  conclusively  proved  ; 
whether  migrating  leucocytes  take  the  chief  or  any  part  in  its  production  may 
still  be  considered  an  open  question  ;  that  in  some  cases,  at  least,  the  new 
tissue  is  fonned  from  the  old  seems  almost  beyond  a  doubt. 

Another  common  effect  of  chronic  inflammation  is  ulceration.  Except  in 
the  slowness  of  its  progress  it  differs  in  no  respect  from  that  occurring  in 
acute  inflammation.  The  tissues  first  become  infiltrated  with  leucocvtes,  which 
accumulate  and  press  on  the  original  structures,  finally  destroying'  them  and 
taking  their  place.  Then  in  their  turn  the  destroying  cells  perish,  break  down, 
and  come  away  mixed  with  serous  exudation  as  pus  ;  and  thus  a  gradual  pro- 
gressive destruction  of  tissue  takes  place.  Suppuration  of  the  ordinaiy  type 
often  assumes  a  chronic  form,  as  in  the  case  of  large  aliscesses  proceeding  from 
the  thorax  or  abdomen,  or  from  deeply-seated  diseased  joints  or  bones.  The 
natural  tendency  of  all  abscesses  as  soon  as  they  are  opened,  is  to  fill  up  with 
granulation-tissue  and  to  close  ;  l)ut  when  there  is  some  source  of  irritation 
present,  as  decomposing  matter,  tension  from  imperfect  drainage,  or  friction 
of  one  surface  against  another,  the  granulations  break  down  into  pus  as  fpiickly 
as  they  grow,  and  the  process  may  thus  be  prolonged  indefinitely,  the  only  limit 
being  the  powers  of  endurance  of  the  patient. 

In  chronic  inflammations,  although  the  connective  tissue  may,  as  before 
described,  undergo  an  increased  development,  the  higher  tissues  always  suffer 
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degenerative  changes — partly  as  a  result  of  the  pressure  to  which  they  are  exposed 
from  the  new  growth.  Thus  the  tubules  or  acini  of  a  chronically  inflamed 
gland  become  obliterated,  and  muscular  fibre  undergoes  fatty  degeneration.  In 
this  way  the  functional  activity  of  organs  suffering  from  chronic  inflannnation 
is  more  or  less  interfered  with.  The  condition  known  as  catarrh,  or  catarrhal 
inflammation,  possesses  so  many  special  features  that  it  will  be  better  discussed 
separately. 

Thus  we  see  that  chronic  inflammation,  although  differing  Avidelyfi'om  acute, 
is  in  reality  an  analogous  process.  The  development  of  increased  connective 
tissue  is  analogous  to  the  adhesive  or  productiA  C  form  of  acute  inflammation, 
and  the  formation  of  a  cheesy  centre,  or  a  chronic  abscess,  differs  merely  in  its 
chronicity  from  the  process  by  which  an  acute  abscess  arises,  while  ulceration 
and  some  forms  of  suppuration  are  the  same  processes  in  both  forms  of  inflam- 
mation, differing  only  in  their  rate  of  progress  and  duration.  Even  infective 
processes  may  assume  the  chronic  form,  as  in  the  general  tubercular  infection 
from  a  softening  cheesy  centre,  in  glanders,  and  in  some  forms  of  chronic 
pyaBmia.  Xo  sharp  line  can  be  drawn  between  chronic  and  acute  inflamma- 
tions ;  and  the  term  "  subacute  "  is  often  used  to  signify  processes  in  the 
border-land  between  the  two. 

Causes. — The  causes  of  chronic  inflammation  are  like  those  of  the  acute 
process,  predisposing  and  determining.  The  predisposing  causes  are  the 
same  as  those  of  acute  inflammation  ;  anything  that  tends  to  lower  the  vitality 
and  interfere  with  healthy  nutrition,  either  generally  or  locally,  predisposes  to 
one  as  much  as  to  the  other.  Perhaps  jjassive  confjcsiion  forms  the  most 
common  of  all  predisposing  causes,  and  it  is  often  difficult  to  draw  a  distinct 
line  between  the  non-inflammatory  changes,  the  induration  and  pigmentation 
resulting  from  congestion,  and  those  produced  by  true  chronic  inflammation. 
Certain  congenital  or  hereditary  constitutional  states  form  imj)ortanb  predispos- 
ing causes  ;  the  most  marked  of  these  being  the  scrofidous  diathesis,  in  which 
chronic  inflammations,  especially  of  the  glands,  bones  and  joints  are  very 
common.  Amongst  the  acquired  constitutional  conditions,  sypliilis,  rheuma- 
tism and  gout  form  frequent  predisposing  causes ;  so  much  so,  that  in  all 
chronic  inflammations  it  is  the  duty  of  the  Surgeon  to  bear  in  mind  the 
possibility  of  one  of  these  being  present.  The  importance  of  the  predisposing 
causes  is  undoubtedly  relati\'ely  greater  in  the  chronic  than  in  the  acute  forms 
of  the  inflammatory  process,  and  this  fact  must  be  borne  in  mind  in  the 
treatment  of  the  affection. 

The  immediate  causes  of  chronic  inflammation  are  of  the  same  nature 
as  those  of  the  acute  process,  but  they  act  with  a  less  degree  of  intensity  and 
more  continuously.  So  long  as  the  cause  of  the  inflammation  is  present  the 
process  cannot  subside.  In  chronic  inflammation  it  often  happens  that  the 
cause  which  starts  the  process  is  of  a  temporary  character,  the  persistent  effect 
being  due  to  other  causes  which  come  into  play  at  a  later  period.  Thus  in  a 
common  ulcer  of  the  leg  the  history  of  the  case  is  frequently  as  follows.  The 
patient,  possibly  ill-nourished  and  feeble  ft-om  want  of  proper  food,  suff'ers 
from  varicose  veins,  which  interfere  with  tlie  return  of  blood  from  the  skin  of 
the  leg,  giving  rise  to  a  condition  of  passive  congestion.  As  a  result  of  this 
the  skin  of  the  leg  is  badly  nourished  and  of  low  vitality,  and  incapable  of 
withstanding  the  effects  of  even  mild  degrees  of  irritation.  Sooner  or  later 
some  slight  injury,  such  as  a  scratch  or  blow,  which  would  be  harmless  to 
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healthy  tissues,  gives  rise  to  inflammation  of  sufficient  intensity  to  reach  the 
stage  of  suppuration.  The  pus  raises  the  cuticle,  forming  a  small  pustule 
whfch  bursts,  leaving  a  raw  surface  beneath.  The  discharge  decomposes  and 
irritates  the  surface,  the  clothes  rub  the  ulcer,  the  muscles  working  beneath  in 
Avalkiug  move  it  about,  the  dilatation  of  tlie  vessels  and  the  exudation,  added 
to  the  obstruction  in  front  which  origi^ially  gave  rise  to  the  congestion,  produce 
tension  ;  and  all  these  causes  comljiued,  maintain  the  inflammatory  process, 
the  suppuration  continues,  and  the  sore  slowly  spreads  by  ulceration.  In 
such  a  case  as  this  the  predisposing  cause,  and  the  secondary  causes,  play  far 
the  most  important  part,  and  tlie  exciting  cause  that  started  the  process 
may  be  so  slight  as  almost  to  escape  notice. 

In  many  cases  the  nature  or  quantity  of  inflammatory  products  serves 
partly  as  a  cause  of  the  persistence  of  the  process.  Thus  in  the  case  of  in- 
flammation of  the  synovial  or  serous  membranes,  the  tension  caused  by  the 
effusion  of  fluid  is  sufficient  to  maintain  the  inflammatory  process  long  after 
the  original  cause  of  mischief  has  been  removed.  In  other  cases,  in  which 
formation  of  new  tissue  is  an  important  element  in  the  process,  the  feebleness 
of  the  new  growth,  its  imperfect  development,  or  its  insufficient  vascularisation 
make  it  unable  to  withstand  slight  sources  of  irritation  ;  and  thus  causes  which 
•would  be  harmless  to  healthy  tissues  perpetuate  the  inflammatory  process  in 
the  new  growth ;  or  the  new  tissue  may  perish  and,  acting  as  a  foreign  body, 
excite  inflammation  in  the  tissues  in  contact  with  it.  This  we  see  well  illus- 
trated in  the  condition  knoAvn  as  white  swelling  of  a  joint.  As  the  result  of 
some  shght  injury  in  an  unhealthy  subject,  inflammation  is  set  up  and  reaches 
the  stage  of  cell-infiltration  of  the  synovial  membrane,  and  the  formation  upon 
it  of  a  layer  of  granulation-tissue.  This  feeble  tissue  gradually  increases  in 
quantity  till  the  whole  synovial  cavity  may  be  filled  with  it,  the  tension 
caused  by  its  presence  and  the  movement  of  the  joint  being  sufficient  to 
perpetuate  the  process.  Finally,  parts  of  the  growth  may  degenerate  and 
soften,  and  thus  acquire  chemically  irritating  properties,  and  aggravate  the 
mischief. 

Phenomena. — The  modifications  of  colour,  size,  sensation,  function  and 
temperature,  described  as  attendant  on  acute  inflammation,  are  present  also  iu 
chronic  inflammation  ;  differing,  however,  in  origin  and  in  degree,  and  often 
in  order  and  combination.  The  colour  is  not  always  changed,  unless  the  part 
aflFected  be  very  superficial  ;  and  the  redness  is  rather  of  the  dull  than  of  the 
bright  hue,  not  depending  on  the  rapid  transmission  of  an  increased  quantity 
of  bright  blood,  but  rather  on  a  congestive  condition.  The  affected  tissue  may 
become  permanently  discoloured  by  the  escape  of  large  numbers  of  red  blood- 
corpuscles,  which  break  up  and  are  imperfectly  absorbed,  leaving  the  pigment 
behind.  The  jiain  is  not  often  spontaneously  acute,  but  partakes  generally  of 
the  character  of  tenderness,  being  elicited  only  by  pressure  :  sometimes,  how- 
ever, the  pain  is  very  severe.  The  increase  of  temjjcratiire  is  usually  wanting, 
and  is  never  great.  Swelling  is  an  early  and  most  important  sign  in  chronic 
inflammation.  It  depends  less  on  the  enlargement  of  the  vessels  than  on  the 
eff'usion  which  takes  place,  and  the  production  of  jiew  tissue  which  often 
constitutes  the  distinctive  characteristic  of  the  disease. 

Like  acute  inflammation,  the  chronic  form  of  the  disease  may  be  attended 
by  suppuration.    (See  Chronic  Abscess.) 

Constitutional  Symptoms.— These  are  less  marked  in  chronic  than  in 
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acute  inflammation.  The  patient  is  in  most  cases,  however,  in  impaired 
health  ;  being,  in  many  instances,  affected  with  some  constitutional  taint 
which  has  had  its  influence  in  producing  or  maintaining  the  chronic  character 
of  the  inflammation.  If  an  important  organ  be  aflected,  or  if  the  chronic 
inflammation,  though  affecting  parts  not  essential  to  life,  be  very  extensive,  the 
pulse  will  be  found  to  be  habitually  above  the  normal  standard,  and  exacerba- 
tions of  fever,  often  of  a  distmctly  periodic  character,  develop  themselves. 
In  these  cases  the  temperature,  as  indicated  by  the  Clinical  Thermometer, 
should  be  closely  watched,  and  a  rise  towards  evening  especially  noted  as  an 
important  indication  of  smouldering  fever. 

Treatment. — The  treatment  of  chronic  inflammation  is  far  more  difficult, 
and  requires  much  more  attention,  than  that  of  the  acute  form  of  the  disease. 
Chronic  inflammation  is  so  frequently  complicated  with  various  unhealthy 
conditions  of  the  system,  and  with  an  impaired  state  of  the  general  health,  by 
which,  indeed,  it  is  often  kept  up,  that  much  practical  tact  and  skill  are  re- 
quired in  carrying  out  the  therapeutic  indications  properly. 

CoxsTiTUTioxAL  TREATMENT  OF  Chronic  INFLAMMATION. — In  the  treat- 
ment of  chronic  inflammation  we  have  not  so  much  to  subdue  inflammatory 
action,  as  to  remove  structm-al  changes  and  other  effects  induced  by  it.  Hence, 
our  object  is  not  to  produce  a  gTeat  and  sudden  impression  on  the  system,  as 
we  are  often  required  to  do  in  the  treatment  of  the  acute  affection.  It  is  not 
in  this  way  that  chronic  inflammation  can  ever  be  cured,  or  its  effects  removed. 
The  patient  might  be  bled  almost  to  death,  and  still  the  diseased  action  would 
go  on  in  the  inflamed  part.  It  is  true  that  the  same  antiphlogistic  means  are 
employed  in  arresting  the  chronic  as  in  cutting  short  the  acute  form  of  the 
disease,  but  they  are  used  in  a  less  energetic  manner  ;  our  object  being  to 
induce  a  gradual  and  continuous  improvement  in  the  state  of  the  system  and 
of  the  diseased  part.  Local  nutrition  is  always  deeply  modified  in  chronic 
inflammation  ;  and  it  can  be  restored  to  its  normal  condition  only  by  improv- 
ing the  patient's  general  health,  and  at  the  same  time  producing  an  impression 
on  the  part  itself  by  appropriate  topical  means.  Hence,  in  the  treatment  of 
chronic  inflammation,  hygienic  measures  are  of  the  first  consequence.  In 
most  cases,  nothing  can  be  done  without  proper  attention  to  these  ;  and  much 
can  be  done  by  these  that  cannot  Ije  effected  by  any  more  direct  medicinal 
means.  The  treatment  of  this  form  of  inflammation  must  likewise  be  varied 
according  as  it  is  uncomplicated,  occurring  in  an  otherwise  healthy  constitu- 
tion ;  or  as  it  assumes  a  congestive  or  passive  character  in  a  cachectic  and 
feeble  system  ;  or  as  it  is  met  with,  affecting  a  specific  form,  in  an  unhealthy 
constitution. 

In  the  management  of  these  various  forms  of  chronic  inflammation  the 
patient  must  be  kept  at  rest,  and,  if  the  disease  be  at  all  extensive,  confined 
to  bed.  He  should  be  in  pure  air,  and,  as  a  general  rule,  have  a  light  and 
unstimulating  diet.  The  regulation  of  the  diet  is  of  much  consequence,  and 
the  amount  and  quality  of  the  nourishment  afforded  must  be  carefully  pro- 
portioned to  the  age,  strength,  and  previous  habits  of  the  patient,  as  well  as 
to  the  degree  and  "the  seat  of  the  inflammation,  and  the  form  of  constitutional 
fever  that  accompanies  it.  In  the  more  active  form  of  chronic  inflammation, 
farinaceous  slops,  at  most  beef-tea,  and  light  puddings,  can  alone  be  allowed, 
In  the  less  active  forms  occurring  in  feeble  constitutions,  with  depression  of 
general  power,  animal  food  of  a  light  kind  may  be  given,  and  the  scale  of 
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nourishment  increased  until  stimulants,  as  beer,  wine,  or  brandy,  are  allowed. 
Nothing  requires  greater  nicety  in  practice  than  to  proportion  the  diet,  and  to 
determine  the  cases  in  which  stimulants  are  necessary.  It  may  be  stated 
generally  that,  the  more  the  disease  assumes  the  asthenic  and  passive  form, 
the  more  are  stimulants  required  ;  until,  at  last,  in  the  truly  adynamic  type, 
our  principal  trust  is  in  these  agents,  and  large  quantities  of  ■\\anc,  brandy,  and 
ammonia  are  required  to  maintain  life. 

Mercury  is  of  essential  service  in  the  more  active  forms  of  chronic  inflam- 
mation ;  but  in  all  cachectic  aiul  strumous  constitutions  it  should,  as  much  as 
possible,  be  avoided.  It  is  of  great  use  not  only  in  arresting  the  furtlier 
progress  of  the  disease,  but  especially  in  causing  the  absorption  of  the  effusions, 
and  in  removing  some  of  the  other  effects  of  chronic  inflammation,  such  as 
thickening,  hardening,  and  opacity  of  the  parts.  It  should  be  given  in  small 
doses  for  a  considerable  length  of  time,  until  the  gums  are  slightly  affected. 
In  many  cases  of  depressed  power  it  may  be  very  advantageously  conjoined 
with  quinine  and  sarsaparilla.  The  most  useful  preparations  are  calomel  or  the 
green  iodide  of  mercury,  in  half-grain  doses,  or,  if  a  gradual  and  continuous 
effect  be  required,  the  percliloride  in  doses  of  one-sixteenth  to  one-twelfth  of  a 
grain. 

Iodide  of  potassium  is  an  alterative  and  absorbent  of  the  greatest  value, 
especially  in  the  chronic  inflammations  of  fibrous  or  osseous  tissues,  or  of  the- 
glands,  occurring  in  strmnous  constitutions.  In  these  it  may  often  be  substi- 
tuted with  great  advantage  for  mercury,  and  given  in  those  cases  in  which  that 
mineral  would  otherwise  be  administered.  In  many  cases  it  is  of  essential 
service  after  a  mercurial  course  ;  some  days  should,  hoAvever,  be  allowed  to 
elapse  after  the  mercury  is  discontinued  before  the  iodide  is  given,  otherwise 
salivation  or  even  sloughing  of  the  gums  may  result. 

Sarsaparilla  is  a  very  useful  remedy,  and  forms  an  admirable  vehicle 
for  the  preparations  of  mercury  or  iodine.  The  fluid  extract  of  red  Jamaica 
sarsaparilla  is  the  best ;  and  where  the  inflammation  is  associated  with  want 
of  power,  its  value  is  certainly  very  great. 

Cod-liver  oil  is  of  the  very  greatest  value  in  the  various  strumous  forms  of 
chronic  inflammation,  or  in  those  occurring  in  debilitated,  emaciated,  and 
cachectic  subjects.  It  may  be  given  in  some  vehicle,  such  as  milk,  orange- 
wine,  or  -juice,  that  covers  its  taste.  In  some  cases  it  is  advantageously  con- 
joined with  the  iodide  of  potassium  ;  or,  where  there  is  much  want  of  power, 
and  strumous  anasmia  is  present,  with  the  preparations  of  iron.  It  is  more 
particularly  in  children  and  young  people  that  it  is  of  service  in  remo\qno-  the 
various  effects  of  chronic  inflammation. 

Purgatives  are  often  required  in  chronic  inflammation.  In  robust  subjects 
in  whom  the  disease  is  active,  salines  may  be  employed  ;  to  which  if  there 
be  a  rheumatic  tendency,  colchicum  may  advantageously  be  added.  In 
children  a  powder  composed  of  one  part  of  mercury  and  chalk,  two  of  carbonate 
of  soda,  and  four  of  rhubarb,  will  l)e  found  very  serviceable. 

The  sulphides  of  calcium  and  potassium,  especially  the  former,  arc 
recommended  by  Ringer  as  being  of  great  service  in  chronic  inflammations  in 
scrofulous  subjects,  especially  when  they  are  accompanied  by  a  tendency  to 
suppuration.  They  hasten  the  process  of  suppuration,  and  the  elimination  by 
that  means  of  the  caseous  inflammatory  products.  Ringer  recommends  for  a 
child  a  mixture  of  much  the  same  strength  as  the  Harrogate  waters— viz' 
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one  graiu  of  the  sulphide  of  calcium  dissolved  in  half  a  pint  of  water,  and  of 
this  one  teaspoonful  may  be  taken  hourly.  In  adults,  in  whom  this  mode  of 
administering  medicine  is  seldom  possible,  a  pill  containing  one  quarter  to 
one  third  of  a  gTain  of  the  sulphide  may  be  taken  three  times  a  day. 

Mineral  waters,  both  taken  internally  or  used  as  baths,  enjoy  a  great 
reputation  in  the  treatment  of  many  chronic  inflammatory  affections.  The 
choice  of  the  water  or  the  bath  will,  of  course,  depend  upon  the  constitutional 
condition  which  forms  the  predisposing  cause  of  the  chronic  inflammation. 

Sea-air  is  beneficial  in  many  forms  of  chronic  inflammation,  especially  in 
those  dependent  on  scrofula. 

Local  Treatment  of  Chronic  Inflammation. — In  chronic  inflammation, 
our  local  means  of  treatment  are  much  more  varied  than  in  the  acute  form  of 
the  disease. 

Local  Blood-letting  is  often  required  with  a  view  of  directly  unloading 
the  vessels  of  the  part ;  and  this  is  accomplished  by  scarification,  leeching, 
or  cupping.  Scarification  is  employed  principally  in  chronic  inflammation  of 
the  mucous  membranes.  Leeches  may  be  very  usefully  employed  in  some 
forms  of  chronic  inflammation,  two  or  three  being  applied  every  second  or 
third  day. 

Warmth  and  Moisture  are  not  so  serviceable  in  chronic  as  in  acute  in- 
flannnation,  and  care  should  be  taken  that  they  be  not  continued  for  so  long 
a  time  as  to  make  the  parts  sodden.  An  astringent  or  stimulant,  such  as  liquor 
plumbi  or  spirits  of  wine,  may  often  advantageously  be  added  to  the  warm 
application. 

Cold  is  seldom  required  in  any  but  the  advanced  stages  of  chronic  inflam- 
mation, in  which  there  are  debility  and  passive  congestion  of  the  vessels  of  the 
part.  In  order  to  remove  this  state  of  things,  its  application  should  not  be 
continuous,  but  should  be  made  twice  or  thrice  a  day,  so  as  to  occasion  a 
sudden  shock,  and  produce  a  constringent  effect  upon  the  enfeebled  vessels. 
This  is  best  done  by  pumping  or  pouring  cold  water  from  a  height,  or  by 
douching,  and  should  be  followed  by  active  friction. 

Friction  is  often  of  great  service  in  some  of  the  forms  of  congestive  inflam- 
mation, by  the  removal  of  the  thickening,  stiffening,  and  induration  that  result. 
Friction  may  be  practised  either  with  the  naked  hand,  or  with  some  embroca- 
tion of  a  stimulating  or  absorbent  character. 

Counter-irritants  are  local  applications  which  give  rise  to  irritation  of 
the  skin  of  varying  intensity  according  to  their  nature,  the  mildest  forms 
causing  merely  a  passing  dilatation  of  the  cutaneous  vessels,  as  the  application 
of  a  camphor  liniment,  and  the  most  severe  producing  destruction  of  the  skin 
and  even  of  part  of  the  subcutaneous  tissue,  as  the  moxa  or  an  issue.  The 
vakie  of  counter-irritation  is  recognised  by  all  practical  Surgeons,  and  counter- 
iiTitants  are  undoubtedly  amongst  the  most  effective  local  means  that  we 
possess  for  combating  chronic  inflammation ;  yet  their  mode  of  action  is  diffi- 
cult to  explain.  The  old  theory  that  by  exciting  a  local  inflammation  in  the 
skin  it  was  possible  to  draw  the  disease  away  from  the  deeper  and  more  im- 
portant parts  is  no  longer  tenable  ;  the  theory  that  by  stimulation  of  the 
sensory  nei-ves  of  the  skin  a  dilatation  of  the  superficial  vessels  is  produced, 
accompanied  by  a  corresponding  contraction  in  the  deeper  parts,  cannot  be 
supported  by  scientific  evidence  ;  in  fact,  as  Billroth  has  pointed  out,  it  is 
probable  that  in  many  cases,  especially  in  extremely  sluggish  chronic  inflam- 
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mations,  the  good  produced  is  probably  rather  by  an  increased  afflux  of  blood 
to  the  affected  part  than  l)y  a  diminution  of  the  blood  supply.  Most  counter- 
irritants  are  applied  solely  with  the  intention  of  causing  a  certain  degree  of 
hyperajmia  or  of  inflammation  in  the  part  of  the  skin  on  which  they  are 
placed,  while  others  exert,  or  are  supposed  to  exert,  at  the  same  time  a  consti- 
tutional effect,  being  absorbed  into  the  system  fi-om  the  cutaneous  surface. 
Counter-irritants  are  classed  according  to  the  degree  of  local  irritation  they 
give  rise  to. 

Rubefacients  are  those  that  cause  merely  dilatation  of  the  vessels  of  the 
part  to  which  they  are  applied.  Hot  fomentations  and  Imseed-meal  poultices, 
although  not  usually  classed  amongst  rubefacients,  certainly  cause  dilatation  of 
the  vessels.  Friction  with  some  stimulating  embrocation  produces  hyperemia, 
lasting  for  a  longer  time,  and  is  useful  in  promoting  the  absorption  of  chronic 
inflammatory  products,  such  as  the  thickening  left  round  a  joint  after  all  in- 
flammatory disturbance  has  subsided.  They  undoubtedly  act  by  causing  a 
general  afflux  of  blood  to  the  limb.  Camphor -liniment  or,  if  a  stronger 
action  is  required,  the  compound  camphor-liniment  is  that  most  fi'equently 
used.  The  ordinary  mustard  poultices  or  Rigollot's  mustard-leaves  produce 
the  lowest  possible  degree  of  true  inflammation,  but  if  properly  applied 
there  is  no  blistering  of  the  skin,  although  there  may  be  slight  oedema  followed 
by  desquamation  of  the  cuticle.  Mustard  poultices  are  but  httle  used  in  sur- 
gery. They  are  more  commonly  applied  to  the  trunk  for  the  relief  of  hyper- 
aemia  of  internal  organs.  Oil  of  turpentine  sprinkled  over  flannels  ^\-rung  out 
of  hot  water  is  another  common  rubefacient. 

Vesicants  are  those  applications  which  cause  a  degree  of  inflammation 
sufficient  to  give  rise  to  abundant  exudation,  which  raises  the  corneous  layer 
of  the  cuticle  fi'om  the  Malpighian  layer  beneath,  thus  forming  a  bleb  or 
blister.  Vesicants  are  extensively  used  in  surgery  to  promote  absorption  of 
the  products  of  chronic  inflammation,  and  in  some  cases  to  check  the  process, 
as  in  the  application  of  blisters  in  chronic  synovitis  or  periostitis,  or  to  the 
perineum  in  chronic  prostatitis. 

Although  there  are  other  means  of  producing  vesication,  practically  the 
preparations  of  cantharides  are  the  only  blistering  agents  employed  ;  of  these 
the  two  most  common  are  the  Emplastrum  Cantharidis,  or  common  Fly -blister, 
and  the  Liquor  Epispasticus.  The  former  is  applied  to  surfaces  free  from 
hair,  the  latter  to  the  scalp  or  peringemn.  In  applying  a  l^lister,  or  the  liquor 
epispasticus,  it  is  essential  that  the  part  should  be  as  free  from  grease  as 
possible,  and  for  this  purpose  it  must  be  washed  with  soap  and  hot  water,  and 
afterwards,  if  it  can  be  conveniently  done,  sponged  over  with  a  very  dilute 
solution  of  ammonia,  before  the  blister  is  put  on.  The  blister  should  rise 
in  from  eight  to  twelve  hours.  When  the  bleb  is  fully  formed,  if  it  is 
not  intended  to  prolong  the  action,  it  should  be  carefully  pricked  with  a 
needle,  but  the  cuticle  should  not  be  removed.  It  should  then  be  covered 
with  cotton  wool  and  a  bandage,  or  a  little  simple  ointment  on  a  piece  of 
hnen.  If  it  be  desired  to  prolong  the  counter-irritation,  the  cuticle  may  be 
removed,  and  the  raw  surface  dressed  with  savine  ointment,  by  which  means  it 
may  be  kept  open  as  long  as  is  wished. 

A  blister  does  not,  as  a  rule,  leave  a  scar  ;  but  it  may  do  so,  and  it  is  well 
therefore  not  to  apply  it  to  the  face  or  hands  if  it  can  be  avoided.  The  extent 
of  surface  to  which  it  is  applied  must  not  exceed  a  few  square  inches,  for  there 
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is  some  danger  of  the  absorption  of  the  cantharidine,  aud  of  consequent  con- 
gestion of  the  kidneys,  hfematnria,  and  strang-ury.  This  will  of  course  happen 
more  readily  if  there  be  a  raw  surface  beneath  the  plaster.  Blistel's  must 
always  be  used  with  great  caution  in  very  old  or  feeble  subjects,  and  in  those 
suifering  from  Bright's  disease,  or  any  other  serious  visceral  affection,  as  in 
such  cases  they  occasionally  cause  sloughing. 

Snppurauts  or  Pyogenic  counter-irritants  are  those  agents  which  are 
of  sufficient  intensity  to  give  rise  to  inflammation  reaching  the  stage  of 
suppuration.  The  most  common  of  these  are  croton  oil,  issues,  setons,  and  the 
actual  cautery. 

Issues  are  of  especial  service  in  chronic  inflammation  of  the  viscera,  joints, 
and  bones,  before  suppuration  has  taken  place.    They  should  be  applied  in 
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the  soft  parts  over  the  affected  structures,  and  may  be  kept  open  for  a  very 
considerable  length  of  time.  They  are  best  made  in  the  following  manner. 
A  piece  of  adhesive  plaster,  about  two  inches  square,  having  a  hole  of  the 
size  of  a  shilling  cut  in  its  middle,  is  fixed  upon  the  part  where  the  issue 
is  to  be  made  ;  a  piece  of  potassa  fusa,  about  the  size  of  half  a  cherry-stone, 
is  then  placed  on  the  surface  left  uncovered  by  the  circular  central  aperture,  a 
square  piece  of  plaster  being  laid  over  all.  The  patient  experiences  a  burning- 
pain  for  about  two  hours,  when  it  ceases  ;  on  removing  the  plasters,  a  black 
slough,  corresponding  in  size  to  the  central  aperture,  will  be  found.  Water 
dressing  should  be  applied  for  a  few  days,  until  it  separates,  and  the  raw  smface 
then  dressed  with  savine  ointment,  or  stimulated  by  an  issue-bead.  Whenever 
it  shows  a  tendency  to  heal,  it  may  be  kept  open  by  an  occasional  application 
of  the  potassa  fusa. 

A  Seton  is  more  useful  than  an  issue  when  counter-iiTitation  is  to  be  applied 
over  very  deep-seated  parts.  The  seton  may  most  conveniently  be  made  in  the 
following  way  (Fig.  8G).  A  fold  of  skin  a)30ut  two  inches  or  more  in  breadth 
is  pinched  up,  and  its  base  transfixed  by  a  narrow-bladed  bistouiy.  The  blunt 
end  of  an  eyed  probe,  threaded  with  one  or  more  threads  of  thick  well-waxed 
silk,  is  next  pushed  along  the  back  of  the  blade  from  heel  to  point  ;  and  the 
bistoury  being  withdrawn  as  the  probe  is  carried  onwards,  the  seton  is  left  in 
the  wound.    Water  dressing  should  then  be  applied. 

The  Actual  Cautery  is  very  successful  in  chronic  inflammation  of  joints 
before  destruction  of  the  cartilages  has  set  in,  and  it  is  especially  useful 
when  there  is  great  pain  with  nocturnal  startings.  The  relief  obtained  by  its 
use  is  often  immediate  and  permanent.    In  the  application  of  the  cautery  it 
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is  the  object  of  the  Surgeon  to  destroy  the  cuticle  and  the  tips  of  the  papillifi, 
but  to  leave  the  deeper  structures  of  the  skin  uninjured,  so  that  there  shall  be 
no  contraction  of  the  scar  when  the  sore  is  healed. 

For  this  purpose  the  cauterising  iron  should  be  of  a  dull  red  heat,  and  must 
be  quickly  drawn  in  lines  crossing  one  another  over  the  part.  Paquelin's 
Thcrnio-Cautery  is  on  the  whole  the  most  manageable  and  the  cleanest  form 
that  can  be  used.  The  barbarous  application  known  as  a  mom,  which  con- 
sisted of  cotton  or  pith  soaked  in  saltpetre  and  allowed  to  burn  upon  the  skin, 
is  now  no  longer  used  in  this  country. 

Two  counter-irritants  in  addition  to  their  local  action  produce  constitutional 
eifects  when  absorbed  from  the  surface  to  which  they  are  applied— viz.,  Iodine 
and  Mercury. 

Iodine  is  most  commonly  applied  in  the  form  of  tincture  ;  it  should  be 
painted  on  over  the  inflamed  part  twice  a  day  till  the  skin  becomes  a  little 
sore.  This  may  be  continued  for  weeks  or  months  according  to  circumstances. 
It  is  no  doubt  a  useful  means  of  promoting  the  absorption  of  chronic  inflam- 
matory products,  but  the  powers  popularly  ascribed  to  it  are  certainly  far 
greater  than  it  really  possesses.  The  liniment  is  less  frequently  used,  being 
a  much  stronger  preparation,  one  application  of  which  will  often  cause 
vesication.  The  ointment  may  be  applied  in  some  cases  in  which  a  somewhat 
stronger  action  than  that  of  the  tincture  is  desired,  but  it  is  not  a  cleanly 
application,  and  is  not  usually  to  be  reconmicnded. 

Mercury  is  applied  locally  in  many  forms  to  promote  the  absorption  of  the 
products  of  chronic  inflammation  and  in  the  treatment  of  the  process.  One  of 
the  most  common  modes  of  applying  it  to  chronically  inflamed  joints  is  by  the 
method  known  as  Scott's  dressing.  Tliis  consists  in  spreading  a  thin  layer  of  the 
compound  mercurial  ointment  on  a  piece  of  lint  of  sufficient  size  to  surround 
the  joint.  Over  this  strapping  is  evenly  applied  so  as  to  exert  a  uniform 
pressure.  In  other  cases  the  mercurial  liniment  or  simple  mercurial  ointment 
may  be  of  use.  About  ten  years  ago  Marshall  introduced  a  valuable  prepara- 
tion composed  of  the  precipitated  mercuric  oxide  dissolved  in  oleic  acid. 
There  is  thus  formed  a  definite  oleate  of  mercury  which  is  soluble  in  an  excess 
of  oleic  acid.  A  solution  made  in  this  way  containing  five  per  cent,  of  the 
oxide  is  a  clear  licjuid  ;  when  the  oxide  is  increased  to  twenty  per  cent,  it 
forms  a  solid  unctuous  substance,  melting  readily  at  the  temperature  of  the 
body.  As  the  oleate  of  mercury  is  slightly  irritating  to  the  skin,  one  gi-ain 
of  morphia  may  be  added  to  each  drachm.  Marshall  states  that  his  experience 
of  the  use  of  this  preparation  in  all  forms  of  chronic  inflammation  has  been 
most  favourable.  It  is  cleaner,  more  diffusible,  more  readily  absorbed,  and 
more  efficacious  than  any  other  mercurial  application.  The  very  fact,  how- 
ever, that  it  is  BO  readily  absorbed  should  make  us  careful  in  using  it  in 
scrofulous  subjects,  who  always  stand  mercury  badly.  Ten  to  thirty  drops  of 
the  oleate,  melted  if  necessary  by  a  very  gentle  heat,  and  applied  with  a  camel's 
hair  pencil,  is  (juite  sufficient  for  one  application. 

Astringents  directly  applied  to  the  inflamed  parts  are  of  extreme  service  in 
those  forms  of  congestive  or  passive  inflammation  in  which  the  circulation  is 
sluggish  and  the  capillaries  loaded ;  they  afford  relief  in  these  cases  by  inducin"- 
contraction  of  the  vessels.  In  order  to  ensure  their  proper  action,  they  must  be 
employed  of  sufficient  strength  ;  for  if  too  weak  they  irritate,  and  increase 
rather  than  relieve  the  congested  condition.  The  nitrate  of  silver  is  the  astrin- 
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gent  that  is  commonly  preferred  ;  and  this,  applied  either  solid,  or  in  solution 
containing  from  ten  grains  to  one  drachm  of  the  salt  in  one  ounce  of  distilled 
water,  will  produce  a  very  marked  beneficial  influence  in  congestive  inflamma- 
tion of  the  mucous  and  cutaucous  surfaces. 

Pressure  by  moans  of  well-applied  bandages,  elastic  webbing,  or  strapping, 
is  of  essential  service  in  supporting  the  feeble  vessels  in  congestive  inflam- 
mations. In  many  cases  pressure  may  be  advantageously  conjoined  with 
absorbents  and  rubefacients,  as  mercurial  and  camphor  liniments,  or  the 
plaster  of  mercury  and  ammoniacum.  This  treatment,  by  removing  conges- 
tion, and  promoting  the  absorption  of  inflanmiatory  ettusion,  is  especially 
useful  in  chronic  forms  of  inflannnation  accompanied  by  thickening  of  parts, 
as  in  the  joints  and  testes. 

CATARKHAL  INFLAMIidATION. 

Catarrh  or  catarrhal  inflammation  is  a  form  of  the  process  of  inflammation 
aff'ecting  mucous  membranes  and  other  epithelium-covered  surfaces.  All  these 
are  liable  as  other  structures  to  traumatic  inflammations  of  the  ordinary  ty]^)e, 
in  which  as  a  consequence  of  the  action  of  some  irritant,  the  vessels  dilate,  the 
circulation  is  retarded,  the  white  corpuscles  migrate  and  the  liquor  sanguinis 
exudes,  and  the  functional  activity  of  the  original  cells  is  suspended  or 
permanently  abolished.  The  peculiarity  of  the  catarrhal  form,  however,  consists 
in  the  fact  that  although  the  vessels  are  dilated  and  exudation  of  blood-plasma 
and  even  the  abundant  escape  of  white  corpuscles  is  taking  place,  yet  the 
epithelium  continues  to  exist  and  perform  its  function,  and  in  most  cases  its 
cells  multiply  with  unnatural  rapidity.  Catarrh  may  arise  from  the  direct 
application  of  an  irritant  to  the  surface  of  the  mucous  membrane,  as  in  the 
case  of  decomposing  urine  irritating  the  bladder  or  of  gonorrhoeal  pus  acting 
on  the  m'ethra.  That  in  these  cases  the  vessels  of  the  corium  and  the  sub- 
mucous tissue  should  show  signs  of  damage,  by  their  giving  exit  to  an  abundant 
exudation  and  by  the  white  corpuscles  passing  through  their  walls,  while  the 
epithelium  is  comparatively  uninjured,  showing  signs  rather  of  stimulation  than 
of  impaired  function,  at  first  seems  rather  inexplicable.  It  must  not  be  forgotten, 
however,  that  epithelium  is  a  structure  which  possesses  in  a  high  degi'ce  the 
power  of  resisting  external  injurious  influences;  and  it  is  quite  conceivable, 
therefore,  that  a  cause  which  exerts  no  more  than  a  stimulating  action  on 
the  epithelium  may,  if  it  penetrate  to  the  parts  beneath,  give  rise  to  the 
phenomena  of  inflammation. 

In  other  cases  the  cause  of  catarrh  is  not  so  clear,  as  when  a  patient  is 
attacked  by  bronchitis,  catarrhal  nephritis,  or  cystitis,  as  the  result  of  "catch- 
ing cold."  In  these  cases  it  is  probable  that  the  contraction  of  the  cutaneous 
vessels  causes  hypcrasmia  of  the  internal  organs,  but  hyperaimia  alone  is  not 
sufiicient  to  cause  catarrh ;  probably  the  inflammation  is  due  in  part,  at  least  in 
the  case  of  the  lung  and  kidney,  to  increased  work  thrown  upon  these  organs 
in  the  elimination  of  those  products  of  tissue-change  which  should  be  given 
off  by  the  skin.  Our  knowledge  is  not,  however,  as  yet  sufficient  to  explain 
rationally  the  origin  of  all  catarrhal  inflammations. 

The  changes  in  the  afi'ected  membrane  depend  on  the  degree  of  the  process. 
In  the  mildest  form  there  is  some  swelling  due  to  exudation  of  serum.  This 
partly  distends  the  loose  submucous  tissue,  and  drains  off  by  the  lymphatics, 
and  partly  flows  away  from  the  surface  of  the  membrane.   At  the  same  time 
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the  cells  of  the  epithelium  multiply  more  quickly  than  natural,  and  many 
are  loosened  and  come  away  with  the  discharge.  In  all  mucous  membranes 
there  is  an  exago-erated  formation  of  mucus  during  catarrh,  and  this  increased 
secretion  forms  the  most  marked  clinical  feature  of  the  milder  form  of  the 
affection. 

In  more  intense  catarrhal  inflammations,  or  purulent  catarrh,  the  vessels  of 
the  corium  of  the  mucous  membrane  are  widely  dilated,  and  the  flow  thi-ough 
them  is  retarded  ;  liquid  exudation  is  more  copious,  and  the  white  corpuscles 
migrate  abundantly.  The  leucocytes,  which  thus  leave  the  vessels,  wander 
amongst  and  through  the  epithelium-ceUs,  the  natural  cohesion  of  which  is 
somewhat  loosened,  and  escape  on  the  surface,  forming  with  the  liquid  exuda- 
tion a  purulent  discharge.  The  discliarge  in  such  a  case,  if  examined  micro- 
scopically, will  be  found  to  contain — numerous  amreboid  cells,  presenting  the 
usual  appearance  of  white  blood-corpuscles  ;  ordinary]  pus-cells,  round  and 
granular  with  the  tripartite  nucleus ;  and  epithelium-cells,  some  fully  developed 
and  corresponding  in  form  to  that  natural  to  the  affected  membrane,  some 
of  rounded  form  young  and  imperfectly  developed,  and  others  containing  a 
large  transparent  globule  of  mucus.  A  microscopic  examination  of  a  section 
of  the  membrane  shows,  that  in  spite  of  the  abundant  discharge  of  pus  there 
is  no  raw  surface  ;  everywhere  it  is  covered  by  epithelium.  The  Avandering 
cells  can  be  seen  in  the  corium  round  the  vessels  and  immediately  beneath  the 
epithelium.  Some  of  the  epithelium-cells  wdll  be  found  to  contain  within 
them  several  bodies  identical  Avith  pus-corpuscles.  These  were  supposed  by 
Rindfleisch  to  show  that  the  pus  in  purulent  catarrh  was  formed  by  endogenous 
cell  formation  from  the  epithelium-cells.  Later  observations,  however,  have 
tended  to  prove  that  these  apparent  mother-cells  are  in  reality  dead  or  dying 
epithelium-cells,  which  have  been  penetrated  by  wandering  leucocytes.  Wan- 
dering leucocytes  are  also  found  penetrating  between  the  individual  epithelium- 
cells. 

Although  in  purulent  catarrhal  inflammation  there  need  be  no  ulceration, 
the  above  description  shows  how  readily  one  process  may  be  converted  into 
the  other.  The  adhesion  of  the  epithelium-cells  to  each  other,  and  to  the 
corium,  is  always  loosened  in  the  more  severe  forms  of  catarrh ;  should  the 
loosely  adherent  epithelial  layer  be  accidentaUy  removed  by  violence  from 
without,  or  separated  by  exaggerated  cell-migration  beneath,  a  small  ulcer  will 
be  the  result. 

Varieties  of  Catarrh. — Catarrh,  like  other  forms  of  inflammation,  may 
be  acule,  or  chronic.  The  chronic  form  is  A'ery  frequently  associated  with 
passiA'e  hypertemia  of  the  part  afl'ected.  It  may  also  be  simjjU,  as  in  bronchitis, 
or  infective,  as  in  purulent  ophthalmia  or  gonorrhoea.  The  thick  muco- 
purulent secretion  that  forms  on  the  surface  of  a  mucous  membrane  durina- 
catarrh  frequently  serves  as  a  nidus  for  the  growth  of  microscopic  organisms, 
and  the  fermentative  changes  these  set  up  give  rise  to  products  which  may 
prolong  the  irritation,  and  cause  it  to  spread  almost  indefinitelv. 

Symptoms. — Redness  of  the  affected  surface,  with  slight  swelling  and  an 
abundant  secretion  varying  from  a  pure  serous  to  a  thick  muco-purulent  Quid, 
form  the  most  marked  clinical  features  of  a  catarrhal  inflammation.  The  heat 
is  usually  moderate,  and  pain  is  not  a  marked  symptom  except  in  the  more 
acute  forms,  as  in  purulent  ophthalmia.  The  constitutional  symptoms  vary 
with  the  acuteuess  of  the  process  and  the  part  affected.    As  a  rule,  only  the 
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most  acute  forms  of  catarrh  give  rise  to  auy  elevation  of  temperature. 
The  absence  of  fever  may  possibly  be  accounted  for  by  the  fact  that  the 
exudation  drains  away  from  the  surface  and  but  little  finds  its  way  back  into 
the  blood-stream. 

Parts  which  have  suffered  from  chronic  catarrh,  or  from  repeated  attacks  of 
the  acute  form,  usually  become  more  or  less  pigmented,  and  the  sub-mucous 
tissue  is  thickened  and  indurated.  These  signs  are  well  seen  in  the  mucous 
membrane  of  the  bladder  in  cases  of  old  stricture  or  stone. 

The  treatment  of  catarrhal  inflammation  presents  little  that  requires 
special  notice.  In  the  more  acute  forms  warmth  and  moisture,  and  above  all 
removal  of  the  discharge  and  prevention  of  its  decomposition,  form  the  most 
important  means  of  treatment.  Belladonna  is  often  of  use  locally  in 
diminishing  pain  and  promoting  contraction  of  the  small  arteries.  In  chronic 
catarrh,  removal  of  the  secretion  and  cleanliness  with  the  use  of  astringents, 
such  as  nitrate  of  silver,  acetate  of  lead,  sulphate  of  copper  or  tannin,  form 
the  chief  treatment.  Any  constitutional  condition  as  scrofula  or  gout  must 
be  searched  for  and  treated  if  found. 
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CHAPTER  V. 
'■ 

SUPPUEATION  AXD  ABSCESS. 

SupruRATiON,  or  the  formation  of  pus,  has  ah-eady  been  described  in  the 
Chapter  on  Inflammation.  It  was  there  pointed  out  that  the  i:)rocess  consists 
essentially  of  a  continuance  and  exaggeration  of  one  of  the  factors  of  inflamma- 
tion— the  migration  of  the  white  corpuscles.  The  wandering  cells  accumulate 
outside  the  vessels,  and  possibly  multiply  by  cell-division  in  their  new  situa- 
tion, but  this  is  extremely  doubtful  ;  as  the  accumulation  increases,  the  original 
tissues  become  pressed  upon  and  absorbed,  the  new  cells  occupying  their  place  ; 
finally,  the  central  cells  of  the  group  degenerate  from  want  of  nutrition,  their 
intercellular  substance  softens,  and  the  liquid  exudation  from  the  surrounding- 
part  soaks  in  amongst  them,  and  thus  we  get  a  creamy  fluid,  or  pus. 

If,  as  sometimes  happens,  we  have  the  opportunity  of  examining  microscopi- 
cally such  a  small  collection  of  pus  in  the  subcutaneous  tissue,  the  following 
appearances  are  observed,  proceeding  from  the  circumference  to  the  centre  of 
the  affected  area.  The  first  sign  of  deviation  from  health  is  that  some  scattered 
leucocytes  are  seen  in  the  spaces  between  the  fibres  of  the  connective  tissues, 
and  often  evidently  in  the  neighbourhood  of  a  small  vessel ;  as  the  centre  is 
approached,  the  number  of  these  increases,  gradually  more  and  more  com- 
pletely obscuring  the  connective  tissue  and  its  corpuscles,  till  at  last  uothiug 
is  to  be  seen  but  closely-packed  small  round  cells,  betw^een  which  the  amount  of 
intercellular  substance  is  too  smaU  to  be  recognized  :  in  the  centre  of  this 
group  of  cells  may  l)c  a  cavity  from  which  the  pus  has  escaped  in  preparing  the 
section.  The  connective  tissue,  when  it  is  last  recoguizable  before  beiu"-  con- 
cealed  by  the  infiltrating  leucocytes,  is  seen  to  have  its  fibres  swollen  and  \  itreous 
in  appearance,  while  its  corpuscles  are  unchanged.  They,  evidently,  are  taking 
no  part  in  the  formation  of  the  new  cells,  which  are  crowding  amongst  the 
fibres.  If  any  blood-vessels  are  recoguizable,  it  will  be  seen  that,  near  the 
point  at  which  everything  is  concealed  by  the  leucocytes,  they  are  filled  with 
closely  packed  blood-corpuscles  indicacing  the  presence  of  a  clot  of  blood.  It 
is  in  this  way  that  they  are  closed  before,  in  common  with  the  other  tissues, 
they  soften  and  break  down  in  the  presence  of  the  invading  leucocytes,  and  thus 
all  hasmorrhage  is  prevented.  In  this  area  also,  although  it  cannot  be  seen 
with  the  microscope,  the  plasma  Avhich  hn,s  exuded  from  the  vessels  is  coao-u- 
lated,  and  with  the  migrated  cells  forms  a  firm  substance,  the  so-called  inflam- 
matory lymph,  wiiicli  fills  and  plugs  the  spaces  of  the  connective  tissue,  and 
thus  forms  a  barrier  round  the  collection  of  pus,  and  prevents  its  diftusino- 
itself  widely  amongst  the  tissues  around.  It  is  not  possible  in  a  section 
made  from  a  preparation  remo^^ed  from  the  body  to  observe  the  state  of 
the  vessels  beyond  the  area  of  stasis  or  thrombosis  ;  l)ut  if  it  were  possilMe  to 
observe  them  in  the  living  body,  Ave  should  sec,  in  a  spreading  abscess  all  the 
conditions  afrcady  described  under  Inflammation ;  viz.,  from  the  centre  towards 


222 


f  SCHOOl OF 


FORMATION  OF  AN  ACUTE  ABSCESS. 


223 


the  circumference,  stasis,  oscillation,  dilated  vessels  with  retarded  flow,  ""ad- 
hesion of  the  corpuscles,  and  migration,  and  lastly,  simple  liyperiemia, — di- 
lated vessels  with  increased  rapidity  of  floAv.  Such  a  colleetion  of  i)us  as  is 
above  described,  is  a  microscopic  abscess  ;  an  acute  abscess  holding  half  a 
pint  of  pus,  differs  from  it  in  no  respect  except  in  size.  The^ extension  of  the 
abscess  takes  place  by  progressive  destruction  of  the  tissues  ])y  ihe  same  process 
as  that  above  described  ;  and  the  pus  is  furmed  l)y  successive  zones  of  the  new 


Fig.  ST. — A  Microscopic  AIlscoss  in  tlie  Slvin.  e.  Epitlieliiini ;  li.  a  Hair;  v.  v.  Small  Veins  sur- 
rounded in  some  ])lacfs  by  migrating  lencoeytes ;  }).  tlie  collection  of  ])ns  ;  s.  Sweat-gland  ;  h.  a 
small  Artery ;  /.  Fat.  The  Tissues  round  tlie  collection  of  pus  are  dotted  with  leucocytes,  becoming 
more  closely  packed  as  the  centre  of  suppuration  is  apiwoached. 


cells  degenerating,  becoming  separated  from  each  other  by  fluid,  and  falling 
into  the  cavity  of  the  abscess.  The  whole  process  is  identical  with  ulceration, 
but  instead  of  the  discharge  being  given  off  superficially  as  in  an  ordinary 
ulcer,  it  accumulates  in  the  abscess-cavity  ;  an  abscess  is  in  fact  a  cavity 
enclosed  by  an  ulcer.  The  zone  of  tissue  in  which  the  process  of  spreading  is 
taking  place,  was  in  former  times  spoken  of  as  the  "  pyogenic  membrane  ;  " 
but  it  is  evident  that  there  is  nothing  to  which  the  term  "  membrane  "  could 
properly  be  applied  ;  the  "  pyogenic  zone  "  would  be  a  more  correct  term  if  any 
such  is  necessary.  In  this  pyogenic  zone  the  vessels  arc  dilated,  and  the 
tissues  softened,  so  that  in  opening  an  abscess  blood  may  flow  freely  from  the 
engorged  ^-essels  round  the  cavity  ;  but  it  must  not  be  concluded  from  this 
that  the  abscess-cavity  is  surrounded  by  a  zone  of  tissue  in  which  new  vessels 
have  been  formed.  During  the  spreading  stage  of  an  abscess,  it  is  destruction 
of  vessels,  not  new  formation,  that  is  taking  place  ;  the  new  formation  occurs 
only  during  repair,  after  the  pus  has  been  let  out. 

The  method  in  which  pus  is  formed  on  mucous  surflices  in  purulent  catarrh 
is  described  with  that  process. 
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That  all  the  pus-cells  are  derived  directly  or  indirectly  from  the  white 
corpuscles  of  the  blood,  may  now  be  regarded  as  an  accepted  fact  in  pathology. 
The  proof  of  this  fact  is  derived  partly  from  the  direct  observation  of  the 
formation  of  pus,  as  it  has  already  been  described,  and  partly  from  the  experi- 
ments of  Cohnheim,  Hoffmann,  and  Von  Eecklinghausen.  These  observers 
injected  aniline  blue  or  cinnabar  into  the  blood-stream  of  the  animal  to  be 
experimented  on.  It  had  before  been  shown  that  when  solid  matter  in  a  state 
of  extremely  fine  division  is  injected  into  the  blood-stream,  the  white  cor- 
puscles pick  up  the  particles  in  much  the  same  way  as  an  amoeba  takes  its 
food  ;  and  the  dark  coloured  particles  of  aniline  blue  or  cinnabar  are  easily 
recognized  in  their  substance.  A  frog  having  been  prepared  by  the  injection 
of  the  colouring  matter,  inflammation  of  sufficient  intensity  to  cause  suppu- 
ration was  excited ;  and  it  was  found  that,  whether  it  was  in  a  vascular  part  or 
in  a  non-vascular,  as  the  cornea,  the  pus-cells  contained  particles  of  the  sub- 
stance which  had  been  injected. 

Lastly,  there  is  the  negative  observation,  that  in  acute  inflammations  the 
original  cells  of  the  affected  part  undergo  no  change  so  long  as  they  can  be 
observed  ;  that  is  to  say,  before  they  are  concealed  by  the  crowds  of  migrating 
leucocytes. 

Characters  of  Pus. — Pus  ])resents  considerable  variety  in  its  general 
character,  according  to  the  cause  that  gives  rise  to  its  formation  and  the 
general  constitutional  state  of  the  patient. 

The  pus  from  an  acute  abscess  in  a  person  otherwise  healthy,  is  an  opaque, 
creamy  fluid,  thick,  smooth  and  slightly  viscid,  of  a  yello^\'ish-white  colour, 
with  in  some  cases  a  greenish  tinge  :  it  has  a  faint  odour  and  an  alkaline 
reaction.  Its  specific  gravity  is  from  1030  to  1033.  It  contains  about 
85  to  90  per  cent,  of  water.  Of  the  solid  matter  about  two-thirds  is  albu- 
men ;  of  the  remaining  third,  about  one  half  is  composed  of  fatty  matter, 
including  as  a  rule  some  cholesterine,  and  the  rest  consists  chiefly  of  salts, 
with  leucin,  tyrosin,  and  a  variety  of  other  unimportant  compounds.  The 
salts  are  the  same  as  those  found  in  blood-serum,  chloride  of  sodium  being 
the  most  abundant.  Pus  presenting  these  characters  is  termed  healthy  or 
laudable  pus. 

Various  other  terms  are  applied  to  indicate  appearances  deviating  fit-oni  that 
of  healthy  pus  ;  thus,  when  tinged  with  blood  it  is  called  sanlous ;  when 
thin  and  watery,  ichorous  ;  when  containing  cheesy-looking  flakes,  curdy, 
and  when  diluted  with  mucus,  mi/co-pus.  Besides  these,  pus  presents  other 
varieties  ;  thus,  for  instance,  when  it  is  formed  in  the  brain  it  is  of  a  oreenish 
tint,  and  when  in  the  neighbourhood  of  the  alimentary  canal  it  has  a 
peculiar,  fetid  odour.  Its  chemical  composition  may  likewise  vary  under 
different  circumstances  ;  thus,  ordinaiy  pus  formed  in  the  soft  parts  contains 
merely  a  trace  of  phosphate  of  lime,  whereas  that  which  is  formed  in  connec- 
tion with  diseased  bone  is  said  to  contain  a  large  quantity  of  that  salt 

Pus  presents  other  peculiarities  which  in  some  cases  are  recognizable  only 
by  their  effects  on  the  system  ;  thus  the  pus  from  specific  sores  possesses  con- 
tagious properties,  although  to  the  naked  eye  it  may  not  apparently  difi-cr 
from  other  forms  of  that  fluid.  In  these  cases,  however,  althouo-h  we 
have  not  yet  determined  what  it  is  that  gives  the  pus  its  infective  pro- 
perties, one  fact  has  been  clearly  shown,  that  all  forms  of  infective  pus 
contam  organisms  readily  to  be  ol)served  by  the  microscope.    A  specific 
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organism  has  not,  however,  been  shown  to  exist  for  each  disease  which  can 
be  communicated  by  inoculation  of  pus — as,  for  instance,  small  pox,  soft 
chancre,  gonorrhoea  and  purulent  ophthalmia ;  nor  has  it  as  yet  been 
definitely  proved  that  the  organism  is  the  actual  cause  of  the  infective  pro- 
perties of  each  kind  of  pus  ;  still,  all  the  observations  of  the  present  day 
would  tend  to  suggest  that  such  is  possibly  the  case. 

Pus  is  a  liquid  which  readily  decomposes  when  exposed  to  the  air  at  the 
temperature  of  the  body,  or  even  if  the  causes  of  decomposition  be  introduced 
Bubcutaneously  as  by  an  aspirator-needle  or  trochar.  Thus  Ave  occasionally 
see  that  a  collection  of  pus  which,  when  tapped  for  the  first  time,  is  fi'ee  from 
decomposition,  becomes  offensive  in  a  few  days  unless  proper  antiseptic  pre- 
cautions are  taken  during  the  operation.  In  some  rare  cases  pus  assumes 
a  distinctly  blue  colour  fi'om  the  development  in  it  of  a  special  form  of 
micrococcus. 

Microscopic  characters. — On  examining  pus  under  the  microscope,  it  is 
found  to  consist  of  corpuscles  floating  in  a  clear  fluid,  the  "liquor  puiis."  lu 
pus  drawn  from  an  acute  abscess  or 
from  the  surface  of  a  healthy  sup- 
purating sore,  two  kinds  of  corpuscles 
are  met  with.  Von  Recklinghausen, 
Schultze,  and  others,  showed  that  in 

such  pus  a  large  number  of  cells  are     Fig.  SS.— «.  Healthv  Pus-cells.    t.  Treated  with 

to  be  found  which  resemble  the  Avhite    "   ^"^^"^  ^^"""^^'^ 
coi'puscles  of  the  blood  in  every  respect. 

If  examined  when  quite  fresh  on  a  warm  plate,  they  manifest  the  characteristic 
amoeboid  movements.  The  nuclei  of  these  living  cells  are  single,  or  at  most 
double,  the  protoplasm  is  faintly  granular,  and  the  nucleus  can  usually  be  re- 
cognised Avithout  the  use  of  reagents.  These  living  cells,  however,  as  a  rule 
fonn  but  a  comparatively  small  proportion  of  the  whole  ;  the  greater  number 
present  the  appearances  which  have  been  held  to  be  characteristic  of  the 
pus-cell  ever  since  the  microscope  demonstrated  its  existence.  They  are 
essentially  the  same  as  the  amoeboid  cells,  but  they  are  dead,  and  have, 
moreover,  undergone  degenerative  changes.  They  are  rounded  in  form,  with 
a  slightly  irregular  outline,  they  measure  about  -^-i^  of  an  inch  in  diameter, 
and  their  protoplasm  is  coarsely  granular,  so  that  the  nucleus  is  completely 
concealed.  By  treating  them  with  dilute  acetic  acid  the  granules  are  to  a  great 
extent  dissolved,  the  protoplasm  becomes  swollen  and  the  nucleus  comes 
clearly  into  view,  and  it  is  then  found  to  be  broken  up  into  two  or  more, 
usually  three,  parts,  most  commonly  without  a  juiclcolus.  This  breaking  up 
of  the  nucleus  is  a  degenerative  change  and  not  a  sign  of  active  gi'owth.  In 
the  protoplasm  some  ftit-granules  are  usually  to  be  seen  which  arc  not  cleared 
up  by  the  acetic  acid.  The  number  of  these  varies  with  the  age  of  the  pus  ; 
the  less  acute  the  formation  of  the  pus  the  more  abundant  will  be  the  fat 
granules,  till  in  chronic  abscesses  we  find  them  occupying  the  protoplasm  to 
such  an  extent  that  it  is  no  longer  possible  to  clear  it  up  with  acetic  acid. 
These  granules  are,  however,  readily  dissolved  in  liquor  potasste.  Finally,  in 
very  old  collections  of  pus  the  cells  break  up  completely,  and  the  gi'anules 
float  free  in  the  liquor  puris,  forming  an  emulsion  having  but  little  resem- 
blance to  pus,  or  in  other  cases  they  form  curdy  masses  which  in  part  float 
free  in  the  fluid  and  in  part  form  a  layer  on  the  wall  of  the  abscess. 
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In  the  pus  of  acute  abscesses,  in  addition  to  the  corpuscles,  granular  debris 
of  the  tissues  may  in  some  cases  be  recognized. 

During  the  last  few  years  much  attention  has  been  paid  to  the  presence  of 
microscopic  fungi  in  pus,  the  conditions  under  which  they  developc  and  the 
importance  to  be  attached  to  them.  This  subject  has  been  investigated  by 
Burdon-Sanderson,  Ogston,  Cheyne,  and  others  in  this  country,  and  by  ob- 
servers too  nmnerous  to  mention  in  Germany  and  France  ;  but  it  is  chiefly 
to  AVeigert's  method,  perfected  Ijy  Eobert  Koch  of  Berlin,  that  we  owe  the 


Fig.  Si). — Pus-cells  from  Pya-uiic  AUscess. 


Fig.  00.— Pus-eells  from  Scrofulous 
Abscess. 


ease  and  certainty  with  which  the  presence  or  absence  of  micro-organisms 
can  now  be  determined.  The  results  of  these  observations  may  be  ])riefly 
summarised  thus  :  in  all  acute  abscesses  minute  round  fungi  (micrococci)  are 
found  in  the  pus  when  freshly  drawn,  but  their  origin,  and  the  part  they  play 

in  setting  up  the  irritation  to  which 
the  abscess  is  due,  are  still  disputed 
points  ;  after  the  abscess  is  opened, 
if  rigid  antiseptic  precautions  are 
adopted,  the  micro-organisms  soon 
disappear  from  the  discharges,  but 
this  result  can  be  obtained  only  by 
very  fi-equent  dressings  with  carbolic 
gauze,  or  some  other  powerful  anti- 
septic ;  under  ordinary  antiseptic 
precautions  micrococci  are  present 
in  the  discharges  as  often  as  not. 
The  pus  containing  micrococci 
shows  no  signs  of  decomposition. 
Pus  exposed  to  the  air,  and  more 
especially  if  it  comes  in  contact  with  ordinary  water,  is  soon  found  to 
contain,  in  addition  to  the  micrococci,  short  rod-shaped  organisms  (bacteria). 
It  then  decomposes  and  gives  off  the  ordinary  offensive  smell  of  putrefaction. 
In  some  cases  of  acute  septictemia  the  pus  fr-om  the  original  source  of  infection 
has  been  found  to  contain  long  rod-shaped  fungi  (bacilli).  In  pyfemia, 
micrococci  are  always  present  both  in  the  local  source  of  infection  and  in  the 
secondary  abscesses.  The  pus  from  chronic  abscesses  is  always  ft-ee  fi'oin 
organisms  of  any  kind  when  freshly  drawn.  In  the  pus  from  specific  inflam- 
mations, as  gonorrhoea,  small  pox,  purulent  ophthalmia  or  infective  periostitis, 
microscopic  fungi  are  always  found.    In  the  majority  of  these  processes  they 


Fig.  91. — A  colony  of  Micrococci  in  a  lynijihatic 
glanil  X  300.  gl.  Gland  tissue;  z.  Micrococci; 
t.  Pus  from  an  Acute  Abscess ;  %).  Pus-cells  ; 
m.  Micrococci  in  cliains. 
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assume  the  form  of  micrococci,  but  their  exact  relation  to  the  specific  diseases 
in  question  is  as  yet  very  uncertain. 

The  examination  of  pus  for  microscopic  ori;-anisms  has  been  rendered  so 
simple  by  the  methods  introduced  by  Koch,  and  the  interest  attaching  to  the 
subject  at  the  present  time  is  so  great  that  it  may  be  well  here  briefly  to 
describe  the  process.  The  reagents  required  are,  a  solution  of  methyl-violet 
(one  of  the  aniline  dyes),  of  the  strength  of  half  a  grain  to  one  ounce  of  distilled 
water,  carefully  filtered,  and  some  pure  Canada  balsam,  which  has  been  heated 
to  drive  olf  its  volatile  oil.  The  method  of  observation  is  as  follows : — Spread 
the  pus  on  a  glass  cover-slip  in  the  thinnest  possible  layer,  aud  dry  it  care- 
fully over  a  spirit-lamp,  taking  care  not  to  overheat  it  ;  dip  a  clean  glass 
rod  in  the  methyl-violet  solution,  and  spread  a  thin  film  of  the  dye  over  the 
dried  layer  of  pus  ;  after  from  thirty  to  sixty  seconds,  wash  the  dye  off  care- 
fully with  a  gentle  stream  of  distilled  water.  A  darkly  stained  film  should 
remain  behind,  which  must  be  again  dried  over  the  spirit-lamp  ;  then  while 
the  cover-slip  is  still  warm,  put  on  it  a  drop  of  the  Canada  balsam,  rendered 
fluid  by  heat,  and  place  it  quickly  on  a  glass  slide  which  is  also  slightly 
warmed  ;  squeeze  it  gently  down,  and  when  cold  it  is  ready  for  examination. 
The  micrococci  are  distinguished  from  other  granules  by  their  definite  round 
form  and  uniform  size,  and  by  their  arrangement  in  groups  or  chains. 
They,  moreover,  take  the  dye  readily,  while  fatty  and  albuminoid  granules 
remain  uncoloured.    Blood  or  mine  may  be  examined  by  the  same  process.* 

Diagnosis. — The  diagnosis  of  pus  is  usually  easy,  but  some  fluids  resemble 
it  so  closely  to  the  naked  eye,  that  the  microscope  is  necessary  to  estalilish 
their  characters.  From  licaJthij  mvcus  there  is  no  difficulty  in  distinguishing 
pus  ;  but  when  mucus  has  been  thickened  and  rendered  opaque  by  inflamma- 
tion, and  is  mixed  with  exudation-cells,  it  is  impossible,  and  can  never  be 
necessary,  to  distinguish  it  from  pus.  Turhid  serum,  containing  broken-down 
and  granular  fibrine,  fi-equently  met  Math  in  serous  sacs,  and  softened  flhrim, 
as  in  clots  and  inflamed  vessels,  are  distinguished  from  pus  l)y  the  absence  of 
pus-cells.  AtJieroma  is  recognised  by  the  presence  of  cholesterine-scales  and 
fat,  and  by  the  non-existence  of  the  characteristic  pus-corpuscle.  When  pns  is 
diffused  in  mUh,  as  in  some  forms  of  lacteal  abscess,  the  corpuscles  of  this  fluid 
will  be  seen  to  be  smaller  and  clearer,  with  a  more  defined  outline  than  those 
of  pus.  The  largest  fat-globules  in  milk  are  only  half  the  size  of  a  pus-cell, 
and  the  smallest  one-fifth. 

Circumstances  injiuencing  the  Tendency  to  Siqjjmration. — It  has  already  been 
pointed  out  in  the  Chapter  on  Inflammation,  that  suppuration  is  merely  a 
certain  degree  of  that  process ;  and  that  the  degree  of  inflammation  in  any 
case  depends  on  the  damage  done  to  the  living  tissues  by  the  irritant  which  is 
the  cause  of  the  disturl)ance.  In  order  that  suppuration  may  take  place,  it  is 
necessary  that  a  degi-ee  of  damage  shall  be  done  to  the  walls  of  the  small 
vessels  which  shall  lead  to  abnormal  adhesion  of  the  corpuscles,  retardation  of 
the  blood-stream,  with  migration  of  leucocytes  and  exudation  of  blood-plasma. 
If  the  damage  be  short  of  this  point,  mere  hypertemia  will  result  without 
corpuscular  exudation  ;  if  it  pass  beyond,  stasis  terminating  in  thrombosis  will 
be  produced,  and  the  process  of  migration  being  arrested,  suppuration  is  no 

*  For  further  information  on  the  subject  of  Micro-organisms  in  tlie  fluids  and  tissues  of  tlic  body  in 
diseiise,  the  student  is  referred  to  the  Sydenham  Society's  Translation,  by  W.  W.  Cheyne,  of  Koch's  work, 
"  Uebisr  Wutuyiajecfwnskraakhdtcn"  and  Ogston's  Taper  in  tlie  British  Medical  Journal,  vol.  i.,  ISSl,  p.  309. 
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longer  i)ossibIc.  In  the  next  place,  it  is  necessary  that  the  irritation  of  the 
tissues  should  act  persistently  for  some  length  of  time,  otherwise  the  exudation 
would  not  be  of  sufficient  amount  to  form  a  collection  of  pus  such  as  we  can 
recognise  clinically.  For  example,  a  clean  cut  inflicts  a  degree  of  injury  on  the 
parts  actually  touched  by  the  knife  sufhcient  to  cause  dilatation  of  the  vessels, 
retarded  flow,  and  migration  ;  but  if  every  other  source  of  irritation  be  ex- 
cluded, the  whole  process  subsides  before  sufficient  exudation  has  taken  place 
to  form  an  accumulation  of  migrating  cells  recognizable  to  the  naked  eye.  If, 
however,  a  more  persistent  source  of  irritation  lie  introduced  into  the  wound,  as 
pent-up  serum  causing  tension,  or  decomposing  matter,  or  even  a  mechanical 
irritant,  as  a  foreign  body,  exudation  of  blood-plasma  and  migration  of  the 
corpuscles  will  continue,  till  the  tissues  on  each  side  become  infiltrated  and 
finally  replaced  on  the  surface  by  the  migi-ating  corpuscles,  and  the  space 
between  becomes  filled  with  the  cells  floating  off"  from  the  surface  in  the  liquid 
exudation,  thus  forming  pus.  Remove  the  source  of  irritation,  and  the  forma- 
tion of  pus  rapidly  ceases.  The  direct  effect  of  irritation  in  causing  the  forma- 
tion of  13US,  may  also  be  studied  with  great  advantage  in  a  healthy  granulating 
sore — say,  of  the  leg.  If  the  patient  be  put  to  bed  with  the  leg  elevated,  to 
avoid  intra- vascular  tension,  and  the  raw  surface  rendered  perfectly  aseptic, 
and  then  covered  by  a  non-imtating  substance,  and  protected  from  mechanical 
violence  and  cold  by  an  application  which  at  the  same  time  absorbs  the  dis- 
charge and  prevents  its  putrefaction,  every  source  of  irritation  being  thus 
removed,  we  may  succeed  in  absolutely  preventing  any  formation  of  pus.  The 
discharge,  such  as  it  is,  will  be  composed  solely  of  serous  fluid,  which  neces- 
sarily leaks  from  the  surface  of  the  granulations,  as  they  are  uncovered  by  any 
impermeable  epithelium.  Having  got  the  sore  into  this  state,  if  some  mild 
imtant  be  now  applied,  as  for  example,  lint  soaked  in  a  concentrated  solution 
of  boracic  acid,  the  discharge  will  become  turbid,  the  superficial  cells  perishing 
and  being  cast  off  under  the  influence  of  the  irritant,  while  at  the  same  time 
migration  takes  place  from  the  vessels  beneath  ;  if  a  stronger  imtant  be 
applied,  as  for  example,  carbolic  acid  water  (1  in  20),  the  discharge  will  become 
thick  pus,  the  granulations  will  swell  and  become  soft  from  exaggerated 
exudation  of  blood-plasma  and  migi-ation  of  leucocytes  into  their  substance. 
Suppose  now  that  a  still  stronger  irritant  be  applied  as  a  solution  of  carbolic 
acid  in  spirit  (1  in  5),  or  chloride  of  zinc  (40  grains  to  the  ounce),  the  flow  of 
pus  -mW  be  checked,  and  the  discharge  will  for  a  short  time  cease,  or  become 
merely  serous,  the  dead  layer  formed  by  the  caustic  application  serdng  to 
arrest  any  migrating  cells  that  might  be  coming  to  the  surface. 

These  two  examples  are  sufficient  to  show  that  suppuration  indicates  always 
irritation  of  the  living  tissues  of  a  certain  degree  of  intensity,  and  persisting 
for  a  certain  time. 

It  has  before  been  pointed  out  that  the  effect  produced  by  an  iiTitant  is 
proportional— firstly,  to  the  strength  of  the  irritant  ;  and  secondly,  to  the 
power  of  resistance  of  the  tissues,  or,  in  other  words,  to  their  state  of  health  : 
and  that  for  any  tissue  to  be  healthy,  both  the  general  and  local  conditions  of 
nutrition  must  be  healthy  also  {vide  p.  159).  The  degree  of  inflammation 
necessary  to  cause  suppuration,  will  therefore  be  more  readily  induced  when 
any  of  the  general  or  local  conditions  of  healthy  nutrition  arc  interfered  with 
Paget  examined  the  fluid  that  accumulated  in  the  blebs  in  thirty  patients  to 
whom  blisters  had  been  applied  for  various  aS'ections.    In  those  who  were 
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suffering  from  purely  local  diseases,  the  constitution  being  otherwise  healthy, 
the  fluid  was  clear,  sometimes  coagulable,  and  comparatively  free  from  cor- 
puscles ;  in  cachectic  or  phthisical  patients,  it  was  turbid  and  crowded  witii 
wandering  leucocytes  ;  and  every  intermediate  variety  was  met  with,  according 
to  the  condition  of  the  system.  In  scrofulous  constitutions,  the  intiammatiou 
that  is  excited  by  a  trivial  injury,  as  the  sprain  of  a  joint  for  instance,  is  very 
apt  to  run  on  to  suppuration.  So,  again,  in  certain  cachectic  states  of  the 
system,  slight  wounds  suppurate  or  fester  as  it  is  termed. 

The  iiTitants  which  give  rise  to  suppuration  are  innumerable  ;  bat  it  is 
needless  to  repeat  them  here,  as  they  have  already  been  described  under  the 
Causes  of  Inflammation  {vide,  p.  159).  From  a  purely  surgical  point  of  view, 
the  most  important  are  decomposition  of  the  discharges,  tension,  and  friction 
of  diseased  surfaces  upon  each  other.  That  the  "  admission  of  air  "  acts  as  a 
cause  of  suppuration,  is  an  observation  of  great  antiquity.  It  was  impossible 
for  Surgeons  not  to  be  struck  by  the  fact  that  a  subcutaneous  injury,  such  as  a 
simple  fracture  or  dislocation,  heals  rapidly  without  suppuration,  while  exactly 
the  same  injury  complicated  by  a  wound  in  the  skin,  is  almost  equally  certain, 
unless  special  means  are  taken  to  prevent  it,  to  be  followed  by  profuse  and 
prolonged  suppuration.  That  the  constituent  of  the  air  which  does  the  mis- 
chief is  its  dust,  and  that  the  active  part  of  the  dust  is  in  all  probability  the 
living  organisms,  which  form  a  large  part  of  it,  has  already  been  pointed  out 
(p.  1G5). 

Tension  is  in  most  cases  the  initant  which  maintains  the  process  of  suppura- 
tion in  an  abscess,  and  causes  it  steadily  to  increase  in  size  till  it  bursts  super- 
ficially. In  some  abscesses,  the  specific  nature  of  the  pus  gives  it  chemical 
irritating  properties,  which  apart  from  tension  may  cause  it  to  increase  in 
size  ;  but  these  cases  are  much  less  frequent.  The  persistence  of  suppuration 
which  results  from  the  irritation  caused  by  the  friction  of  diseased  surfaces 
upon  each  other,  will  be  seen  hereafter,  in  treating  of  diseases  of  the  joints,  to 
be  a  condition  of  great  importance. 

These  facts  as  to  the  causation  of  suppuration  are  not  merely  pathological 
details  of  no  importance  to  the  practical  Surgeon.  In  every  case  in  which  we 
have  to  deal  with  persistent  formation  of  pus,  we  should  carefully  consider 
every  cause  that  can  possibly  be  present,  both  constitutional  and  local,  to 
account  for  the  condition,  as  it  is  only  by  the  removal  of  the  cause  that  we 
can  hope  to  relieve  the  effect. 

The  Duration  of  suppuration  varies  greatly.  In  wounds  in  which,  in  con- 
sequence of  tension  from  pent-up  exudation,  decomposition  of  the  discharges, 
want  of  rest,  or  the  presence  of  a  foreign  body,  union  without  suppuration  is 
not  obtained,  the  discharge  becomes  distinctly  purulent  in  the  course  of  about 
three  days,  although  occasionally  it  may  be  delayed  for  a  longer  time.  When 
once  suppuration  has  been  set  up,  it  will  continue  as  long  as  the  cause  persists, 
and  as  the  patient  becomes  weakened  by  the  prolonged  discharge,  slighter 
sources  of  irritation  are  sufficient  to  maintain  the  process.  From  mucous 
membranes,  especially  when  they  suffer  from  mechanical  hyperemia,  purulent 
discharges  may  continue  for  years. 

Symptoms  of  Suppuration. — These  are  local  and  constitutional. 

The  Local  Symptoms  differ  as  the  suppuration  occurs  on  a  mucous  surface, 
or  in  the  interior  of  a  tissue  or  organ. 

When  an  inflamed  mucous  surface  is  about  to  suppurate,  the  membrane  pre- 
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sents  the  ordiiiury  characters  of  active  inflammation,  being  hot,  swollen,  red, 
and  often  painful ;  to  these  a  discharge  is  speedily  superadded. 

Wheu  suppuration  is  about  to  take  ]jlace  in  tlie  sKhsfunce  of  tissues  or  organs^ 
so  as  to  give  rise  to  an  abscess  in  one  of  the  forms  to  be  presently  described, 
the  local  symptoms  of  inflammation  midergo  certain  modifications  indicative 
of  the  supervention  of  this  condition.  When  the  formation  of  pus  is  acute, 
the  pain  becomes  throbbing  ;  the  part  SAvells  and  bec(mes  tense,  but  after  a 
time  softens  ;  and  fluctuation  may  ))e  detected  in  it.  The  skin  becomes 
glazed,  red,  shiny,  and  cedematous.  In  the  formation  of  a  chronic  abscess, 
suppuration  occurs  without  any  evident  sign  of  local  inflammation,  the 
presence  of  the  pus  revealing  itself  by  swelling  and  fluctuation  only. 

Constitutional  Symptoms. — On  the  supervention  of  acute  suppura- 
tion the  ordinary  symptoms  of  inflammation  are  often  interrupted  by  the 
occurrence  of  chills,  alternation  of  heat  and  cold,  or,  if  the  formation  of  pus 
be  extensive,  by  severe  and  long-continued  rigors.  If  the  pus  be  enclosed  in 
a  cavity,  forming  an  abscess,  the  temperature  rises  considerably  above  normal, 
reaching  103°  F.  or  104°  F.  The  evening  temperature  is  as  a  rule  about  one 
degree  above  that  of  the  morning.  This  high  temperature  remains  unchanged 
in  a  case  of  simple  acute  abscess  till  the  pus  is  discharged  either  artificially  or 
naturally.  It  then  falls  rapidly,  and  if  the  cavity  be  completely  drained,  soon 
reaches  the  normal  degree.  When  the  abscesses  are  merely  a  part  of  the 
general  process  of  blood-poisoning,  repeated  rigors  occur,  and  although  open- 
ing the  abscesses  may  reheve  the  patient,  it  seldom  brings  the  temperature  to 
a  normal  point.  When  suppuration  occurs  in  a  recent  wound  or  compound 
fracture,  the  fever  which  precedes  it  is  due  in  the  majority  of  cases  to  absorp- 
tion of  septic  matter  fi'om  the  raw  surfaces  ;  consequently,  as  granulations  spring 
up  and  cover  them  and  present  an  efficient  barrier  to  the  entrance  of  the  pro- 
ducts of  decomposition  into  the  circulation,  the  fever  falls,  and  this  usually 
occurs  coincidently  with  the  full  establishment  of  a  thick  healthy  purulent 
discharge. 

The  slow  formation  of  pus  such  as  occurs  in  the  development  of  a  chronic 
abscess  is  unaccompanied  by  fever.  If  pns  be  formed  in  sufiicient  quantity 
for  its  discharge  to  act  as  a  severe  drain  on  the  constitution,  other  symptoms 
set  in,  dependent  on  the  loss  that  is  going  on.  The  patient  becomes  weak, 
the  nutrition  is  impaired,  and  hectic  is  established,  or  albuminoid  degeneration 
of  the  liver,  spleen  and  kidneys  sets  in. 

Hectic  does  not  come  on  unless  there  be  a  discharge  of  pus  from  the  system. 
No  hectic  occurs  so  long  as  an  a1)scess,  however  large,  continues  nnopened ;  but 
it  may  supervene  with  great  rapidity  when  once  its  contents  are  discharged.  I 
have  known  large  abscesses  to  'exist  unopened  for  se\-eral  years,  Avithout  any 
constitutional  disturbance  ;  but,  as  soon  as  they  were  opened,  well-marked 
hectic  set  in,  which  speedily  carried  oft*  the  patient. 

Hectic  is  essentially  a  fever  of  debility;  emaciation  and  general  loss  of 
power  invariably  accompany  it.  The  pulse,  which  is  quick,  small,  and  com- 
pressible, rises  from  ten  to  tAveuty  beats  above  its  normal  standard  ;  the  tou"-ue 
becomes  red  at  the  edges  and  tip  ;  the  cheeks  are  often  flushed,  and  the  eyes 
ghstenmg,  with  dilated  pupils  ;  all  these  symptoms  have  a  tendency  to  exacer- 
bations after  meals  and  towards  evening.  There  is  also  increased  action,  either 
of  the'  skill  bowels,  or  kidneys.  Thus,  profuse  sweating,  copious  purging,  and 
abundant  deposits  of  lithates  in  the  urine  take  place  ;  these  dischaiges  often 
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alternate  with  one  another,  raeltino-  the  patient  away,  as  it  were,  and  hence  are 
termed  colUqmtivc.  The  debihty  gradnally  increasing,  the  patient  rapidly 
wastes,  and  at  last  dies  from  sheer  cxhanstion,  the  conjoined  result  of  fever, 
malnutrition,  and  wasting  discharges. 

The  nature  of  hectic  fever  has  of  late  given  rise  to  considerable  discussion. 
There  can  be  no  doubt  that  in  a  very  large  })roportion  of  surgical  cases  at 
least,  it  is  in  reality  chronic  poisoning  from  the  absorption  of  the  chemical 
products  of  putrefaction.  For  this  to  occur  it  is  not  necessary  that  the  pus 
should  be  foul  and  stinking  ;  a  much  milder  degree  of  fermentative  change  is 
sufficient.  The  more  essential  condition  is  that  the  pus  shall  be  confined  in  a 
canity  from  which  the  di-ainage  is  imperfect,  so  that  it  accumulates  at  a  slight 
degree  of  pressure  sufficient  to  cause  absorption  of  the  products  of  putrefaction 
from  the  granulating  surface.  This  view  of  the  nature  of  hectic  is  supported 
by  the  facts,  that  no  hectic  occurs  till  after  the  abscess  is  opened,  that  improve- 
ment of  the  drainage  will  in  very  many  cases  reheve  all  the  symptoms,  and 
that  very  large  superficial  ulcers  may  exist  for  years  and  discharge  abundantly 
without  inducing  the  signs  of  hectic.  Moreover,  some  of  the  symptoms  of 
hectic  resemble  those  known  to  be  caused  by  the  absorption  of  the  products  of 
putrefaction,  as  the  j)rofouiid  anemia  and  the  tendency  to  diarrhoea.  But  few 
cases  of  hectic  remain  in  surgical  practice,  if  all  that  probably  depend  on  this 
cause  are  excluded.  It  is  likely  that  any  continued  febrile  disturbance,  from 
whatever  cause,  would  tend  to  assume  the  form  usually  described  as  hectic 
fever  if  its  duration  were  sufficient  and  its  course  sufficiently  slow  and  wanting 
in  intensity. 

Albuminoid,  or  amyloid  degeneration  is  a  most  important  and  serious 
consequence  of  prolonged  discharge  of  pus.  It  is  a  very  common  effect  of  old- 
standing  joint-  or  bone-disease  accompanied  by  suppuration,  and  when  once 
established  it  exerts  a  most  injurious  influence  on  the  progress  of  the  case,  and 
especially  on  all  operations  undertaken  for  the  cure  of  the  disease.  In  surgical 
practice  it  is  most  commonly  met  with  in  children,  as  diseases  of  bones  and 
joints  are  more  common  with  them;  but  similar  conditions  cause  a  similar 
result  in  the  adult. 

The  pathology  of  the  process  belongs  rather  to  Medicine  than  to  Surgery, 
but  it  will  not  be  out  of  place  to  give  here  those  symptoms  with  which  every 
Sui'geon  should  be  familiar. 

The  organs  chiefly  affected  are  the  liver,  spleen,  kidneys,  and  the  intestinal 
mucous  membrane.  The  chief  symptoms  are  gradually  increasing  anremia 
and  emaciation,  not  necessarily  accompanied  by  any  fever.  The  liver  gradually 
but  steadily  increases  in  size  till  it  may  reach  from  the  fifth  rib  to  the  right 
iUac  fossa.  Its  surface  is  smooth,  and  its  sharp,  hard  edge  can  often  be  felt 
through  the  thin  abdominal  walls  almost  like  a  piece  of  india-rubber.  There 
is  no  jaundice  or  ascites.  The  spleen  may  be  felt,  but  is  seldom  very  large. 
AVhen  the  kidneys  become  affected,  the  urine  usually  contains  a  small  quantity 
of  all)umcn  and  a  few  hyaline  casts.  As  the  villi  of  the  intestines  become 
implicated,  the  emaciation  increases  and  attacks  of  diarrhoea  arc  common. 
Towards  the  end  of  the  case  oedema  of  the  ankles  is  a  fi-equent  symptom, 
arising  from  feebleness  of  the  heart's  action  and  the  watery  state  of  the  blood. 
Death  occurs  from  exhaustion  or  from  some  intercurrent  disease. 

There  is  only  one  treatment  for  the  disease,  and  that  is  to  remove  the  source 
of  the  suppuration  ;  and  if  that  is  impossible,  to  adopt  every  means  in  our 
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power  to  diminish  the  quantity  of  pus  discharged.  Evidence  is  still  wanting 
as  to  the  curative  effect  of  complete  removal  of  the  source  of  the  pus,  as  by 
amputation  of  the  limb  in  which  the  diseased  joint  or  bone  is  situated.  In. 
one  case  recorded  by  Barwell  in  which  amputation  at  the  hip  was  successfully 
performed  for  disease  of  the  joint  in  a  child  aged  seven  years,  the  general 
condition  greatly  improved  after  the  operation,  and  the  size  of  the  liver 
decreased.  A  still  more  interesting  case  occurred  under  the  care  of  my 
colleague,  John  Marshall,  at  University  College.  The  patient  was  a  boy  aged 
about  ten,  who  had  long  suffered  from  extensive  disease  of  the  hip.  The 
Bigns  of  albuminoid  disease  were  well  marked,  the  liver  reaching  nearly  to  the 
umbilicus.  Amputation  at  the  hip- joint  Avas  performed,  and  the  boy  made  a 
good  recovery.  Ten  years  after  he  returned  to  the  hospital  on  account  of  a 
small  abscess  in  the  stump  due  to  some  necrosis  of  the  bone  near  the  aceta- 
bulum. At  this  time  he  was  carefully  examined,  and  no  enlargement  of  the 
liver  could  be  detected.  When  the  disease  is  far  advanced,  however,  such 
operations  are  out  of  the  question,  as  the  condition  of  the  patient  is  such  as 
to  make  it  impossible  for  them  to  withstand  the  necessary  shock  and  loss  of  ' 
blood. 

VARIETIES   OF  ABSCESSES. 

Suppuration  may  occur  on  the  mucous  or  serous  surfaces,  or  on  the  surfaces 
of  ulcers  or  wounds,  constituting  Purulent  Exudation;  or  pus  maybe  collected 
in  the  interior  of  a  tissue  of  an  organ,  forming  an  Abscess. 

An  Abscess  signifies  a  collection  of  pus  occurring  in  any  of  the  tissues  or 
organs  of  the  body.  Surgeons  divide  abscesses  into  various  kinds,  according  to 
the  symptoms  attending  them,  their  duration,  and  theu-  cause.  Thus  they  speak 
of  Acute  and  Chronic,  Hot  and  Cold,  Lymphatic,  Diffuse,  Metastatic  or  Pyaamic, 
and  Puerperal  Abscesses. 

Acute  or  Phlegmonous  Abscess  may  be  taken  as  the  type  of  the  disease. 
When  it  is  about  to  form,  the  part  which  has  been  previously  inflamed  swells 
considerably,  with  a  throbbing  ]3ulsatile  pain  ;  the  skin  becomes  shining,  glazed, 
and  of  a  somewhat  purplish  red.  If  the  abscess  be  very  deeply  seated,  the  super- 
imposed tissues  become  brawny  and  (Edematous,  without  perhaps,  any  other 
sign  indicating  the  existence  of  pus.  As  the  sweUing  approaches  the  surface, 
it  softens  at  one  part,  where  fluctuation  becomes  perceptible,  and  a  bulging  of 
the  skin  covering  its  summit  takes  place. 

An  abscess  has  a  special  tendency  to  approach  a  free  surface,  whether  that 
be  external  or  internal,  skin  or  mucous  membrane  ;  the  tissues  between  it  and 
the  surface  towards  which  it  is  progressing  being  gradually  broken  down. 
That  the  abscess  always  extends  most  rapidly  in  the  direction  of  least 
resistance,  seems  most  probably  to  be  due  to  the  fact  that  dilatation  of 
v  essels  and  migration  of  cells  will  occur  more  easily  on  that  side ;  the 
pressure  of  the  accumulated  pus  tending  to  obstruct  these  processes  on  that 
side  on  which  there  is  the  greater  resistance.  This  process  is  spoken  of 
as  "the  pointing  of  the  abscess."  As  the  pus  approaches  the  surface,  the 
skin  at  first  becomes  more  or  less  livid,  tense  and  oedematous,  indicating  the 
interference  with  its  circulation ;  as  the  summit  of  the  abscess  presses  upwards, 
the  overlying  skin  loses  its  tension  and  becomes  relaxed  ;  it  then  sloughs  at 
the  most  central  point,  ft-om  which  the  cuticle  has  previously  peeled  off  and, 
the  outward  pressure  of  the  pus  speedily  detaching  the  slough,  the  abscess 
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discharges  itself.  Though  acute  abscesses,  if  left  to  themselves,  usually  run 
this  course  and  burst  through  the  skin,  the  mucous  or  serous  surfoces,  or 
even  into  the  interior  of  joints,  yet  some  collections  of  pus,  if  very  deeply 
seated,  cannot  find  their  way  to  the  surface,  but  extend  through  the  areolar 
planes  of  the  limb  in  a  lateral  direction,  burrowing  and  undermining  the 
parts  to  a  great  extent  :  or,  if  situated  in  dense  and  unyielding  structures,  as 
in  bone,  are  imprisoned  within  a  case  through  which  they  may  be  unable  to 
penetrate  ;  in  other  rare  instances,  the  pus  becomes  absorbed,  and  the  abscess 
disappears. 

After  an  abscess  has  burst  or  has  been  evacuated,  its  walls  contract  and 
become  corrugated,  and  the  cavity  is  graduaUy  closed  by  a  process  of  repair 
identical  with  the  healing  of  a  wound  by  granulation  (See  Process  of  Repair, 
p.  277).  In  some  cases,  however,  the  cavity  docs  not  completely  close,  but 
contracts  into  a  narrow  canal  forming  a  sinus  or  fistula  (p.  252). 

Diffuse  Abscess  is  a  term  which  has  been  incorrectly  used  to  describe  a 
rapid  formation  of  pus  in  the  areolar  tissue,  as  the  result  of  a  spreading  or 
infective  inflammation.  In  a  true  abscess  the  pus  is  collected  in  a  cavity  and 
it  results  from  a  localised  source  of  irritation ;  in  diffuse  suppuration  the  cause 
is  either  some  readily  diffusible  and  irritating  chemical  substance,  as  the 
products  of  decomposition,  which  spreads  widely  amongst  the  lymph-spaces 
of  the  areolar  tissue,  or  some  infective  poison  which  multiplies  and  extends 
amongst  the  living  tissues  and  is  always  associated  with  the  presence 
of  microscopic  organisms.  Hence  the  pus  often  spreads  widely,  and  there 
may  be  extensive  destruction  of  parts  before  it  is  discovered.  A  particular 
variety  of  this  form  of  abscess  is  the  Piferperal,  occurring  in  women  after 
pai'turition  in  various  parts  of  the  body,  especially  in  the  iliac  fossa,  in  the 
areolar  planes  of  the  thigh  or  in  the  joints,  and  in  the  adipose  tissue  of  the 
orbit,  often  destroying  the  globe  of  the  eye.  To  these  forms  of  the  disease  the 
Metastatic  Abscesses  are  closely  allied.  They  commonly  occur  as  conse- 
quences of  pyaemia,  and  will  be  more  ftdly  described  with  that  disease.  They 
may  be  very  numerous,  and  are  met  with  in  the  substance  of  organs  as  well  as 
in  the  areolar  tissue  and  joints.  The  last  three  species  of  abscess  are  varieties 
of  the  acute  form. 

Chronic  Abscesses,  or  as  they  are  sometimes  called  Cold  Abscesses,  are 
of  very  common  occurrence,  and  arise  under  somewhat  various  conditions. 
Perhaps  the  most  typical  form  is  that  which  is  so  commonly  met  with  in 
connection  with  diseased  bones,  especially  the  bodies  of  the  vertebra?.  In 
these  cases  the  disease  commences  with  chronic  inflammation  and  possibly 
with  death  of  a  small  portion  of  the  bone,  around  which  pus  is  slowly  formed. 
From  this  starting  point  the  pus,  as  it  increases  in  quantity,  slowly  makes  a 
cavity  for  itself,  forcing  its  way  in  the  direction  of  least  resistance.  The 
irritation  caused  by  the  presence  of  the  pus,  which  in  such  cases  is  always  free 
from  organisms  and  chemically  unirritating,  is  so  slight  that  the  surrounding 
areolar  tissue,  instead  of  becoming  softened  by  infiltration  with  migrating 
leucocytes,  as  in  an  acute  abscess,  becomes  consolidated  partly  by  compression 
and  partly  by  the  gi-owth  of  new  fibrous  tissue,  till  a  wall  of  such  density  and 
distinctness  is  formed  that  it  can  be  dissected  out  like  that  of  a  cyst  (Fig.  91). 
Such  an  abscess  slowly  extends  and  may  buri'ow  to  a  considerable  distance 
from  its  original  starting  point.  The  course  it  follows  is  determined  first  by 
the  fascia  beneath  which  it  may  be  burrowing.    As  a  general  rule  it  does  not 
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perforate  a  fascia,  as  this  becomes  thickened  by  the  growth  of  new  fibrous  - 
tissue  rather  than  tliinned  by  ulceration  or  pressure.  Secondly,  it  burrows  in  i 
the  spaces  along  which  the  larger  arteries  run  ;  thus,  a  psoas  abscess  after 
following  the  niuscle  beneath  the  fascia  to  the  gi'oiu  comes  in  relation  with  i 
the  profunda,  and  follows  it  amongst  the  adductor  muscles,  often  sending  out 
processes  along  the  circumflex  arteries  and  their  branches  reaching  to  the 
gluteal  region.  These  abscesses  do  not  readily  point,  and  their  duration  is  ^ 
often  very  remarlcable.  I  have  seen  large  chronic  abscesses  in  the  iliac  fossa  i 
and  groin  perfectly  stationary  for  nearly  two  years.  The  fluid  contained  in  i 
such^abscesses  is  thin,  flaky  and  curdy,  though  in  some  cases  the  pus  is  healthy  ■ 
in  appearance.  Sometimes  they  contain  masses  of  a  soft  yellowish  substance, . 
apparently  formed  of  coagulated  fibrin  entangling  the  fatty  remains  oft' 
degenerated  pus-cells,  but  more  commonly  the  shreds  and  flakes  are  of  small  1 
size.  No  microscopic  organisms  are  found  in  the  pus  of  a  chronic  abscess  ; : 
and,  however  long  it  may  remain  unopened,  it  shows  no  tendency  to  putrefac-  • 
tion  until  air  is  admitted  from  Avithout.  When  such  an  abscess  has  been  i 
opened  the  w-all  of  the  sac  is  found  in  most  cases  to  be  lined  by  a  thin  layer  of ' 
adherent  cheesy  matter,  in  other  cases  it  may  be  covered  by  a  smooth  layer  off 
imperfect  granulation-tissue  almost  resembling  a  mucous  membrane  in  appear-- 
ance.  The  cavity  is  often  crossed  by  bands  containing  vessels  of  considerable ; 
size.  Occasionally  the  fluid  contents  become  gradually  absorbed  and  the  abscess  i 
undergoes  spontaneous  cure,  its  site  being  indicated  by  some  dry  cheesy  matter ' 
enclosed  in  a  dense  mass  of  fibroid  tissue. 

Chronic  abscesses  of  a  somewhat  similar  character  often  form  in  connection  i 
with  diseased  joints,  but  the  course  of  these  is  usually  more  rapid  and  the  • 
extent  to  which  they  burrow  is  not  so  great. 

Another  form  of  chronic  abscess  is  that  occasionally  met  with  in  the ; 
mamma  ;  in  which  a  few  drops  of  curdy  pus  become  surrounded  by  so  dense  a  \ 
A^  all  of  fibroid  tissue  as  to  simulate  a  solid  tumour.  A  similar  form  is  found  in  i 
the  cancellous  tissue  of  bone,  but  in  this  case  the  enclosing  wall  is  formed  of  very ' 
dense  compact  osseous  tissue.  Such  abscesses  may  exist  for  an  indefinite  period. . 

Chronic  abscesses  often  form  in  connection  with  the  lymphatic  glands,  in  i 
consequence  of  the  gradual  softening  of  caseous  inflammatory  products.  Such  i 
abscesses  are  not  uncommon  in  the  neck,  axilla,  groin  and  iliac  fossa. 

In  strumous  children  it  is  not  uncommon  to  find  a  localised  chronic  inflam-  • 
matory  process  set  up  in  the  subcutaneous  tissue  without  any  apparent  cause. . 
The  inflammatory  products  undergo  fatty  degeneration  and  slowly  soften.  The ; 
skin  becomes  purple  and  congested,  and  finally  gives  way  at  one  point,  allow-  • 
ing  the  curdy  fiuid  to  escape,  leaving  a  cavity  beneath  the  undermined  skin  i 
which  is  extremely  difficult  to  cure. 

Occasionally  abscesses  of  considerable  size  form  in  the  subcutaneous  tissue ; 
without  any  evident  cause,  and  with  but  slight  precursory  symptoms,  or  even  i 
without  any  at  all.  The  patient,  who  has  usually  been  cachectic,  and  has  ? 
suffered  some  time  from  general  debility,  feels  slight  uneasiness  in  the  groin, , 
iliac  fossa,  or  axilla,  and  finds  unexpectedly  a  large  fluctuating  tumour  in  one  ? 
of  these  situations  ;  there  is  perhaps  no  pain  in  the  part,  and  no  discoloration  i 
of  the  skin,  but  the  fluctuation  is  always  very  distinct.  On  opening  such  an  i 
abscess  as  this,  there  will  usually  be  a  copious  discharge  of  thin  unhealthy 
pus,  which,  when  examined  under  the  microscope,  will  be  found  to  contain  i 
withered  and  fatty  cells.    In  some  cases,  the  contents  appear  to  be  a  clear  r 
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I  semi-transparent  or  oily-looking  matter.  Such  abscesses  are  often  spoken  of 
as  Lympliatic  or  Congcstire. 

Many  of  the  above  forms  of  chronic  abscess  may  arise  from  a  deposit  of 
tubercle,  followed  by  softening  of  the  growth  and  iiiflannuation  round  it,  but 
it  is  not  always  easy  or  even  possible  to  determine  certainly  whether  this  has 
I  been  the  case  or  not. 

The  line  between  chronic  and  acute  abscesses  is  not  a  sharp  one.    In  some 
cases  of  joint-disease  the  process  of  suppu- 
ration may  be  acute  at  the  commencement 
and  gradually  become  chronic,  the  perfo- 
tion  of  the  capsule  apparently  relieving 
usion  and  reducing  the  irritation.    On  the 
lier  hand,  it  is  by  no  means  uncommon  to 
c  a  chronic  abscess  assume  an  acute  form, 
and  rapidly  increase  and  point  after  having 
i  ".'cn  stationary  for  years. 

Tympanitic  or  Emphysematous  Ab- 
scess, which  contains  gas  as  well  as  jxis,  is 
ccasionally  met  with  in  the  neighbom'hood 
1  -f  the  alimentary  canal,  chiefly  at  the  an- 
t' rior  and  lateral  parts  of  the  abdominal 
■rails,  and  about  the  sacrum.  Sometimes 
l  iiere  is  a  free  communication  with  the  in- 
I'stliie,  in  other  cases  it  is  not  so  evident. 
These  collections  are  often  resonant  on  j^er- 
i  iission,  and  sometimes  gurgling  is  very  dis- 
r  iuct  in  them. 

Situation,  Size,  &c. — Abscesses  are  met 
.  ith  in  all  reijions  of  the  body,  but  more  es- 
pecially where  the  areolar  tissue  is  abundant, 
and  the  lymphatic  glands  are  numerous. 
Tliey  may  occur  at  any  period  of  life,  fi*om 
tlie  earliest  infancy  to  old  age.  I  have 
opened  a  very  large  abscess  in  the  axilla  of 


a  child  about  a  fortnight  old.    Their  size 


92. — Largo  Psoas  Abscess  cxteiuUng 
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\  aries  from  that  of  a  pin's  point  to  a  tumour 
containing  a  pint  or  more  of  pus.  Some 
cases  of  chronic  abscesses,  when  very  large, 
are  multilocular,  the  different  cavities  being- 
connected  by  narrow  channels  of  communication :  in  this  way  I  have  seen  a 
large  abscess  extending  from  the  lumbar  vertebrae  through  the  iliac  fossa  down 
the  thigh,  the  ham,  and  the  leg,  until  at  last  it  was  opened  by  the  side  of 
the  tendo  Achillis,  having  formed  five  or  six  collections  of  fluid,  com- 
municating Avith  one  another  by  contracted  channels  (Fig.  92). 

Effects.— The  j^ressure-effects  of  an  abscess  are  often  important.  By  pres- 
sure on  the  nerves  of  a  part,  it  may  give  rise  to  very  severe  pain  and  spasm  at 
a  distance  from  its  seat.  The  pains  occasioned  by  the  pressure  of  some  forms 
of  chronic  abscess  upon  neighbouring  nerves,  have  been  mistaken  for  those  of 
rheumatism  or  neuralgia.  When  blood-vessels  come  into  relation  with  an 
abscess,  they  usually  become  coated  by  a  thick  layer  of  granulation-tissue. 
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which  protects  them  from  injury.   In  some  Ccascs,  however,  they  are  obliterated  I 
by  the  conjoined  effects  of  the  pressure  and  the  inflammation,  in  which  they,  , 
as  well  as  the  adjacent  tissues,  partake.    In  other  cases,  more  particularly  in 
strumous  and  cachectic  individuals,  the  blood-vessels  have  been  opened  by  • 
ulceration  and  have  burst  into  the  sac  of  the  abscess,  occasioning  sudden  and 
dangerous  or  even  fatal  hajmorrhage.    It  is  seldom,  however,  that  a  large 
artery  or  vein  pours  its  contents  into  an  abscess  that  has  not  been  opened. 
These  occurrences  have  taken  place  chiefly  in  the  neck,  in  which  situation  both 
the  carotid  artery,  as  in  a  case  described  by  Listen,  and  the  internal  jugular 
vein,  have  opened  into  the  cavity  of  an  abscess.    The  various  mucous  canals, 
especially  the  trachea  and  the  urethra,  may  be  injuriously  compressed  by 
neighbouring  abscesses  ;  so  also  bones  may  become  necrosed,  and  joints  inflamed 
and  destroyed  from  the  same  cause. 

Diagnosis. — The  diagnosis  of  abscess,  though  usually  easily  made,  at  times 
requires  close  attention.  The  Surgeon  believes  that  an  acute  abscess  is  about 
to  form  when,  after  rigors  and  some  modification  of  the  inflammatory  fever,  he 
finds  the  local  signs  characteristic  of  the  formation  of  pus  ;  more  especially  a 
throbbing  pain  in  the  part,  with  softening  of  any  induration  that  may  have 
existed,  and  oedema  of  the  areolar  tissue  covering  it.  His  suspicion  is  turned 
into  certainty,  and  he  knows  that  an  abscess  has  formed,  when,  after  the  occur- 
rence of  these  symptoms,  fluctuation  can  be  felt.  Fluctuation  is  the  sensation 
felt  by  the  Surgeon  on  placing  both  hands,  or  one  or  more  fingers  of  each 
hand  as  the  case  may  be,  with  moderate  firmness  U]3on  the  part  in  which  the 
fluid  is  situated,  and  then  increasing  the  pressure  with  each  hand  alternately. 
On  so  doing,  if  fluid  be  present  a  wave  will  be  felt  to  pass  from  under  the 
hand  which  is  pressing  more  strongly,  raising  that  which  is  applied  less  firmly. 
In  feeling  for  fluctuation  the  Surgeon  should  always  place  as  large  a  surface  of 
each  hand  as  possible  over  the  supposed  fluid.  The  fingers  should  be  curved 
so  as  to  adapt  themselves  evenly  to  the  part,  and  the  pressure  should  be  gentle 
and  steady.  If  merely  the  tips  of  two  fingers  be  poked  into  an  inflamed  part 
it  gives  pain  to  the  patient,  causing  him  involuntarily  to  wince  and  contract 
the  muscles  in  the  neighbourhood,  thus  obscuring  all  definite  sensations  of 
fluctuation.  In  large  collections  of  fluid,  as  in  ascites,  one  hand  may  be  placed 
on  one  side  and  the  opposite  side  struck  a  smart  blow  with  the  tip  of  the  finger 
of  the  other  hand,  when  a  sharp  impulse  will  be  felt  distinctly  communicated, 
through  the  fluid,  lliis  method  of  feeling  fluctuation  is,  however,  scarcely 
ever  practicable  in  the  case  of  an  abscess. 

Fluctuation  may  readily  be  confounded  with  the  undulatory  sensation  com- 
municated by  some  tissues  from  mere  inflammatory  infiltration  into  them.  This, 
indeed,  is  a  difference  of  degree  rather  than  of  kind  ;  as  pus  would  make  its 
appearance  in  the  course  of  a  few  hours,  if  the  tumour  were  left  to  itself. 
Even  without  this,  certain  parts  give  very  deceptive  sensations,  from  their 
natural  laxity,  as  is  sometimes  the  case  in  the  areolar  tissue  of  the  nates  and 
thigh  in  persons  of  lymphatic  temperament.  A  still  more  perfect  sense  of 
fluctuation  is  given  by  a  muscle  when  the  hands  are  applied  transversely  to  its 
fibres ;  and,  consequently,  in  all  cases  it  is  a  good  rule  to  feel  for  fluctuation  with 
the  hands  applied  first  along  and  afterwards  across  the  line  of  any  muscle  that 
may  be  situated  beneath  or  over  the  suspected  collection  of  fluid.  Many  soft  solid 
growths  give  a  sense  of  fluctuation  almost  as  distinctly  as  fluid,  deceiving 
even  the  most  experienced.    In  the  case  of  an  encapsuled  tumour  the  distinc- 
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tion  can  readily  be  made  by  pressing  on  its  edge  with  the  tip  of  one  finger. 
If  it  is  a  chronic  abscess  or  cyst,  unless  it  be  very  tense,  the  finger  goes 
through  the  swelling  without  anything  being  felt  to  move;  in  the  case  of  a 
i  amour  the  solid  edge  is  felt  to  roll  away.    In  some  rare  cases,  even  when 
'laid  is  present,  fluctuation  may  be  wanting,  as  the  tension  may  be  too  great 
.  •  allow  of  a  wave  being  produced  in  the  contents  of  the  cavity.    The  occur- 
ence of  fluctuation  alone,  however,  is  not  of  itself  sufficient  to  determine 
more  than  that  a  fluid  exists  in  the  part.    The  question  necessarily  arises, 
is  this  fluid  pus  ?    In  the  majority  of  instances,  the  history  of  the  case, 
the  character  of  the  pain,  the  previous  existence  and  the  continuance  of 
-ymptoms  of  inflammation,  enable  the  Surgeon  to  answer  in  the  affirmative. 
l)Ut  if,  as  in  chronic  or  cold  abscesses,  there  be  only  obscure  evidence  of 
inflammation  having  existed,  and  if  the  swelling  be  of  long  standing,  the 
1  actuation  being  perhaps  deeply  seated  and  indistinct,  the  safer  plan  will  be 
.  ir  the  Surgeon  to  introduce  an  exploring  needle,  and  to  see  what  the  true 
laturc  of  the  fluid  is  ;  by  this  simple  means  many  embarrassing  mistakes  in 
diagnosis  may  be  avoided. 

The  tumours  with  which  abscesses  may  more  easily  be  confounded,  are  those 
.^oft  solid  growths  in  which  there  is  a  high  degree  of  elasticity,  giving  rise  to  a 
species  of  undulation,  as  in  some  soft  sarcomata.    Fluid  tumours  of  various 
kinds,  such  as  cysts  and  enlarged  burste,  may  also  be  confounded  with 
abscesses.  In  these  cases  the  previous  symptoms,  the  situation,  and  the  general 
appearance  and  feel  of  the  tumour,  will  usually  enable  the  Surgeon  to  effect  a 
■ady  diagnosis  ;  but  should  any  doubt  exist,  the  grooved  exploring  needle  or 
:i  trochar  may  be  introduced,  when,  if  pus  be  present,  a  di'op  or  two  will  escape. 
The  "  aspirator  "  is  of  especial  service  in  cases  in  which  it  is  desirable  to  with- 
draw some  of  the  contained  fluid  for  closer  examination.    The  most  common 
t'onn  of  aspirator  consists  of  an  exhausting  syringe  from  which  lead  two  short 
nozzles  fitted  with  stop-cocks.    To  one  of  these  is  fitted  an  india-rubber  tube, 
:  the  end  of  which  is  a  sharp  hollow  needle  with  a  terminal  opening.  The 
icedle  should  not  have  an  eye  some  three-quarters  of  an  inch  or  more  from 
[he  point,  as  is  frequently  the  case.    In  using  the  instrument,  it  should  first 
be  tested  with  a  solution  of  carbolic  acid  (1  in  20).    By  this  Ave  disinfect  and 
cleanse  the  needle,  and  prove  that  everything  is  in  working  order.  Both 
stop-cocks  bein^  closed,  the  piston  of  the  exhausting  syringe  is  raised  and 
retained  in  its  position  by  giving  the  handle  a  quarter  turn.    The  needle  is 
then  pushed  in  till  its  opening  is  buried  beneath  the  skin,  when  the  stop-cock 
leading  to  it  is  turned  on.    The  vacuum  then  extends  into  the  needle,  and  if 
it  be  gently  and  steadily  pushed  in  the  direction  of  the  suspected  abscess,  the 
moment  its  point  enters  a  cavity  containing  pus  the  fluid  will  pass  up  into  the 
syringe.    A  piece  of  glass  is  interposed  in  the  india-rubber  tube,  so  that  the 
nature  of  the  fluid  can  be  seen,  even  if  the  quantity  be  small.    It  is  the  use  of 
the  needle  in  this  way,  with  the  vacuum  in  it,  that  forms  the  essential  feature 
of  the  aspirator  as  invented  by  Dieulafoy,  and  distinguishes  it  from  the  old 
suction -trochar.    It  avoids  the  danger  of  passing  the  hollow  needle  completely 
through  the  collection  of  pus  before  the  suction  is  applied,  and  thus  failing  to 
detect  the  fluid.    In  chronic  abscesses,  even  when  a  large  needle  is  used,  it 
often  becomes  choked  immediately  by  the  flakes  of  cheesy  matter  floating  in 
the  fluid,  but  this  rarely  happens  before  enough  fluid  has  been  obtained  to 
indicate  its  nature. 
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Fio-.  93  represents  Coxeter's  aspii-ator,  which  can  be  converted,  if  necessary,-. 
into°a  syphon.  One  stop-cock  c,  as  represented  in  tlie  drawing  closes 
both  tubes.  The  piston  a  being  withdi-aAvn,  and  a  vacnmn  so  produced,  the 
cock  c  is  turned  so  that  it  is  parallel  to  the  syringe,  and  the  Tacuum  is 
thus  put  in  connection  with  the  needle  d.  mile  doing  this,  the  small  cock 
at  E  must  be  closed.    If  it  'be  determined  to  use  the  apparatus  as  a  syphon, 


Fig.  03. — A.spiriitor,  couvcrtilile  into  a  Syphon. 

A.  Brass  syi'inge.  b.  Gla.ss  at  lower  end.  c.  Stop  cock,  ])utting  the  sjTinge  into  connection  either  with 
the  discharge  ]iipe  or  the  needle,  d.  Needle,  e.  Small  cock,  opening  into  a  side  tulje,  to  be  used  as 
a  syphon  if  required. 

the  cock  E  must  be  opened,  and  the  handle  of  the  piston  forced  down  so  as  to 
fill  the  long  tube  passing  downwards  fi-om  e  with  the  fluid  already  drawn  from 
the  cavity.    The  cock  c  now  being  turned  off,  the  fluid  will  continue  to  flow. 

The  diagnosis  of  an  abscess  having  pulsation  communicated  to  it  by  a 
subjacent  artery,  from  an  aneurism,  will  be  discussed  when  we  come  to  speak 
of  that  disease. 

Prognosis. — Abscesses  vary  greatly  in  danger,  according  to  their  nature, 
size,  situation,  and  cause,  and  the  constitution  of  the  patient.  The  chronic 
form  is  usually  attended  by  more  risk  than  the  acute,  but  this  risk  has  been 
gi'catly  diminished  by  the  introduction  of  the  antiseptic  treatment.  The 
puerperal  and  pyemic  are  especially  hazardous  to  life,  being  merely  a  part  of 
a  general  infective  process.  The  large  size  of  some  abscesses  is  an  clement  of 
great  risk,  occasioning  not  only  a  very  abaudant  discharge  of  pus,  but  likewise 
great  constitutional  disturbance  when  they  are  opened,  unless  they  can  be 
successfully  drained  and  all  decomposition  of  the  discharges  prevented. 
Abscesses  that  are  situated  in  the  neighbourhood  of  important  organs,  as 
about  the  neck  of  the  bladder,  or  in  the  anterior  mediastinum,  are  necessarily 
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much  more  liazardous  from  the  peculiarity  of  their  situation  tlian  those  wliich 
ai-e  met  with  in  less  important  regions.  The  cause  of  the  abscess  also  influ- 
ences the  result :  if  it  be  a  piece  of  dead  bone  that  can  be  removed,  the  dis- 
charge will  speedily  cease  if  the  fragment  be  taken  away  ;  but  if  it  be  so  situated 
that  it  cannot  be  got  rid  of,  it  will,  by  acting  as  a  continuous  source  of  irrita- 
tion, keep  up  a  discharge  that  may  eventually  prove  fatal.  The  constitution 
of  the  patient  influences  our  prognosis.  Such  an  amount  of  discharge  as 
would  inevitably  prove  fatal  in  a  cachectic  system,  may  influence  a  sound  one 
but  very  little  ;  so  also,  the  wasting  effect  of  an  abscess  is  better  borne  about 
middle  age  than  at  either  of  the  extreme  periods  of  life. 

TREAT:\rENT. — The  treatment  of  suppuration  presents  three  points  requiring 
attention.  The  first  object  should  be  to  prevent  the  formation  of  matter ;  the 
next  to  take  steps  for  its  evacuation  when  formed  ;  and  the  last  to  endeavour 
to  close  the  cavity  that  results. 

In  order  to  jn-event  the  format  ion  of  matter,  it  is  necessary  to  get  rid  of  any 
local  irritant  that  may  exist ;  thus  a  foreign  body  should  be  removed,  or  extra- 
vasated  urine  be  let  out  of  the  areolar  tissue.  After  this  has  been  done,  the  pre- 
ventive treatment  must  consist  in  the  active  employment  of  local  antiphlogistic 
means,  such  as  ice  and  cold  evaporating  lotions :  the  swelling  from  exudation- 
matter,  which  is  especially  the  precursor  of  chronic  abscess,  must  be  got  rid 
of  by  the  continuous  application  of  some  discutient  lotion.  One  composed  of 
iodide  of  potassium  5i.,  spirits  of  wine  51.,  water  3vij.,  is  extremely  useful.  In 
some  cases  absoq^tion  may  advantageously  be  promoted  by  mercurial  ointments 
or  plasters.  When  once  pus  has  formed,  it  is  a  question  whether  it  can  be 
absorbed  again;  in  general,  it  certainly  cannot,  but  in  some  cases  it  may 
undergo  absorption  ;  thus,  in  hypopyon,  we  occasionally  observe  that  the  pus 
deposited  in  the  anterior  chamber  of  the  eye  is  removed.  The  more  fluid  parts 
of  chronic  abscesses  occasionally  become  absorbed,  leading  a  cheesy  residue,  in 
which  lime  salts  may  afterwards  be  deposited  forming  a  cretaceous  mass. 

When,  notwithstanding  the  employment  of  appropriate  means,  it  is  CAadent 
that  pus  is  about  to  form,  the  treatment  should  l)e  completely  changed,  and, 
by  the  aid  of  warmth  and  poultices,  an  endeavour  should  be  made  to  hasten 
S2fj)jmration.  When  this  is  fully  established,  the  abscess  having  become  "  ripe," 
steps  must  be  taken  for  the  evacuation  of  the  matter.  The  treatment  of  acute 
and  of  chronic  abscesses  dift'crs  in  some  respects.  In  discussing  the  Treatment 
of  Abscess,  we  shall  consider,  in  the  first  instance,  its  management  by  the 
methods  ordinarily  in  use,  and  secondly,  by  the  antiseptic  plan. 

In  an  Acute  Abscess,  the  matter  should  be  let  out  as  soon  as  it  is  fully 
formed,  especially  in  those  varieties  of  the  disease  connected  with  a  morbid 
state  of  the  system,  as  in  the  metastatic  and  pytcmic  forms.  When  this  is 
done,  the  constitution  at  once  experiences  great  relief,  the  fever  and  general 
irritation  subsiding  materially  ;  the  free  incision  not  only  letting  out  the  pus, 
but  removing  tension.  The  rule  of  opening  an  acute  abscess  early  is  especially 
imperative  when  the  pus  is  formed  in  the  sheaths  of  the  tendons  and  under 
fibrous  expansions  where  there  is  much  tension  ;  also  when  it  is  situated 
deeply  in  the  areolar  planes  of  a  limb,  under  the  larger  muscles,  where  it  has  a 
tendency  to  difPiise  itself  extensively.  In  those  cases,  likewise,  in  which  pus  is 
lodged  in  close  proximity  to  a  joint  or  under  the  periosteum,  it  mast  l)e  let  out 
early  ;  so  also,  when  it  presses  upon  raucous  canals  or  important  organs,  as  on 
the  uretlira  or  trachea,  or  when  it  is  dependent  on  the  infiltration  of  an  irritant 
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fluid  into  a  part,  as  in  nrinaiy  extravasation,  it  must  be  evacuated  without 
delay.  Tlie  pus  should  always  be  let  out  early,  before  the  skin  covering  it  is 
thinned,  when  the  abscess  is  situated  in  the  neck  or  in  any  other  part  where  it 
is  desirable  that  there  should  be  as  little  scarring  as  possible. 

In  Chronic  Abscess,  the  rule  of  surgery  is  not  so  explicit.  Here  the  collec- 
tion is  often  large,  coming  on  without  any  very  evident  symptoms  and  giving 
rise  to  no  material  inconvenience ;  but,  if  it  be  opened,  putrefaction  of  the  pus, 
consequent  upon  the  entry  of  air  into  the  extensive  cavity,  will  give  rise  to 
the  most  serious  constitutional  disturbance,  setting  up  fever,  or  giving  rise  to 
scpticiumia  or  pyfemia  ;  and,  should  the  ])atient  escape  this  danger,  the  drain  of 
an  abundant  suppuration  may  speedily  waste  him.  Hence,  it  not  uncommonly 
happens  that  a  patient  may  carry  a  chronic  abscess  unopened,  without  any 
very  serious  disturbance,  for  many  months  or  even  years ;  but  when  it  is  once 
opened,  he  dies  in  a  few  days.  AYhen  this  happens,  death  occurs  from  direct 
poisoning  by  the  chemical  products  of  putrefaction,  not  by  any  infective  process 
in  which  the  poison  multii^lies  in  the  blood.  The  effects  of  the  putrid  matter 
being  proportional  to  the  dose,  if  putrefaction  cannot  be  prevented  by  anti- 
septic treatment,  we  must  try  to  diminish  the  quantity  of  decomposable  matter 
in  the  sac  of  the  abscess.  Free  incisions  and  large  drainage-tubes  do  much  to 
diminish  the  risk  attending  the  opening  of  a  chronic  abscess  without  antiseptic 


Fig.  94. — Abscess  Bistoui-j-. 


precautions.  If  the  chronic  abscess  be  so  small  that  no  danger  is  to  be  appre- 
hended in  opening  it,  or  if  it  be  situated  in  parts  where  it  may  give  rise  to 
dangerous  pressure,  the  matter  should  be  let  out  without  delay. 

There  are  three  modes  by  which  al)scesses  may  be  opened,  each  of  which 
possesses  advantages  in  particular  cases  ; — these  are  Incision,  Tapping  with  a 
trochar  or  aspirator,  and  making  an  aperture  into  the  cyst  with  Caustic. 

Incision  is  the  only  i3lau  that  should  be  practised  in  acute  abscesses.  For 
this  purpose  a  lancet,  an  abscess-bistoury  (Fig.  94),  or  a  sickle-shaped  knife, 
may  be  used.  The  incision  should  be  made  either  at  the  point  where  fluctua- 
tion is  most  distinct,  or  at  the  most  dependent  part  of  the  tumour,  so  as  to 
prevent  subsequent  bagging  of  the  matter.  It  should  be  made  by  holding  the 
bistoury  or  lancet  short,  and  introducing  it  perpendicularly  into  the  softened 
part.  If  the  depth  to  be  reached  be  considerable,  a  bistoury  should  be  used, 
the  blade  of  which  should  be  half  turned  round  after  its  introduction,  when 
the  pus  wells  up  by  its  side,  the  point  being  felt  to  move  freely  in  the 'cavity 
of  the  abscess.  The  incision  must  then  be  continued  for  a  moderate  extent  in 
the  direction  of  the  natural  folds  of  the  skin  of  the  part,  or  in  the  course  of 
the  vessels.  The  pus  should  be  let  out  freely,  so  as  to  allow  the  walls  of  the 
abscess  to  collapse,  but  it  should  not  be  forced  out  by  squeezing  the  sac. 

As  soon  as  the  pus  ceases  to  flow,  a  drainage-tube  may  be  inserted  or  when 
this  is  not  used  a  small  piece  of  but  soaked  in  carboHc  oil,  or  simple  oil  if  that 
be  not  at  hand,  must  be  inserted  between  the  lips  of  the  wound  to  prevent  their 
adhering  immediately  to  each  other. 

It  may  happen,  after  the  escape  of  the  pus,  that  the  cavity  of  the  abscess  is 
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filled  with  blood  by  the  rupture  of  some  small  vessel  situated  iu  its  walls ;  this, 
however,  is  of  little  moment,  the  haemorrhage  speedily  ceasins;  on  the  applica- 
tion of  pressure  by  a  bandage,  or  of  cold.  Provided  the  incision  have  to  be 
carried  only  through  the  integumental  structures  and  fascia,  in  order  to  afford 
an  outlet  for  the  pus,  there  can  be  but  little  danger  of  hjemorrhage  from  an 
accidental  wound  of  any  blood-vessel  of  importance  ;  and,  should  bleeding 
occur,  it  will  probably  be  of  a  venous  character,  and  may  be  arrested  by 
pressure  and  position.  It  is  wiser,  however,  for  a  Surgeon  to  make  it  a  rule 
never  to  open  even  a  superficial  abscess  without  having  the  necessary  means 
"at  hand  for  the  arrest  of  arterial  htemorrhage.  AYhen  the  abscess  is  more 
deeply  seated  than  this,  lyhig  under  the  superficial  muscles,  which  it  will 
then  be  necessary  to  penetrate,  more  serious  consequences  may  ensue,  and  the 
incautious  use  of  the  knife  may  lead  to  the  most  perilous  results.  These  are 
more  particularly  apt  to  occur  in  deeply-seated  sub-periosteal  abscesses  of  the 
thigh ;  and  I  have  more  than  once  known  such  profuse  arterial  hfemorrhage 
follow  incisions  made  for  the  purpose  of  evacuating  pus  deeply  lodged  in  the 
limb  in  these  cases,  as  to  necessitate  the  ligature  of  the  femoral  artery.  In 
order  to  avoid  this  danger,  Hilton  advised  that  abscesses  so  situated  should 
be  opened  in  the  following  way.  An  incision  is  made  through  the  integuments 
and  fascia  so  as  to  expose  the  muscle  under  which  the  pus  lies  ;  a  director 
is  then  pushed  through  the  substance  of  the  muscle  into  the  cavity  of  the 
abscess,  and  along  the  gTOOve  of  this  a  slender  pair  of  dressing-forceps  is 
pushed  :  Avhen  it  reaches  the  abscess  the  blades  are  opened  up,  the  muscular 
fibres  separated,  and  free  exit  given  to  the  pus.  The  opening  thus  made  must 
be  maintained  by  the  insertion  of  a  drainage-tube,  or  the  patient's  condition 
will  be  but  little  improved,  for  the  muscular  fibres  come  together  again  as  soon 
as  the  dressing-forceps  are  removed,  and  proper  drainage  being  thus  rendered 
impossible,  the  pus  will  soon  re-accumulate,  and,  air  having  been  admitted, 
will  probably  decompose  and  give  rise  to  septic  poisoning. 

After  the  opening  has  been  made,  the  canity  left  eventually  fills  up  either 
by  the  coalescence  of  its  sides,  or  by  granulating  from  below ;  if  it  fill  again 
with  pus,  a  fresh  incision,  termed  a  "  counter-opening,"  must  be  made  in  the 
most  dependent  part.  Xothing  is  more  dangerous  than  pent-up  matter  in 
imperfectly  opened  abscesses.  It  speedily  decomposes  and  becomes  offensive, 
gives  rise  to  local  irritation  and  inflammation,  and  predisposes  to  the  occur- 
rence of  erysipelas  and  pyaemia.  In  order  to  prevent  these  evil  consequences, 
recourse  must  be  had  to  free  openings  in  dependent  situations,  and  the  use  of 
the  drainage-tube. 

In  the  treatment  of  chronic  and  cold  abscesses,  the  time  and  mode  of  open- 
ing varies  with  the  variety  of  abscess  with  which  we  have  to  deal.  When  the 
collection  was  of  large  size  and  very  slow  formation,  as  in  a  psoas  abscess  from 
disease  of  the  spine,  it  was  formerly  the  custom  to  wait  until  an  opening  was 
rendered  necessary  by  the  tendency  to  implication  of  the  skin,  or  by  injurious 
pressure  being  exercised  on  important  parts.  The  pus  was  then  let  out  by 
the  valvular  aperture  recommended  by  Abernethy,  the  object  being  to  prevent 
the  entry  of  air  into  the  interior  of  the  abscess,  so  as  to  lessen  the  chance  of 
r  putrefaction  of  any  pus  that  was  left.  The  valvular  opening  was  made  by 
I  drawing  the  skin  covering  the  abscess  well  to  one  side,  then  passing  the 
bistoury  directly  into  the  sac,  and  allowing  as  much  of  the  pus  to  escape  as 
will  flow  out  by  the  collapse  of  the  walls  of  the  abscess ;  before  the  matter  had 
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quite  ceased  to  flow,  and  consequently  before  any  air  could  have  entered  the 
sac,  the  skin  was  allowed  to  recover  its  natural  j^ositiou,  so  that  the  aperture 
in  it  and  in  the  wall  of  the  abscess  might  no  longer  directly  communicate.  A 
piece  of  plaster,  or  of  lint  soaked  in  collodion,  was  j)laced  upon  the  external  I 
wound,  which  often  healed  under  this  covering  in  the  course  of  a  short  time.  . 
When  the  cyst  of  the  abscess  had  again  fiUed  somewhat,  this  jDroccss  was  • 
repeated  ;  so  that,  less  and  less  pus  being  allowed  to  accumulate  in  it  before 
each  succeeding  evacuation,  it  might  gradually  contract  and  close.   This  mode 
of  treatment  is  seldom  practised  in  the  present  day  ;  but,  instead  of  making  ; 
the  valvular  opening  in  this  way,  a  chronic  abscess  may  sometimes  be  advan-  • 
tageously  opened  by  Tapping  with  a  Trochar  and  Cannula  of  moderate 
size,  the  instrument  Ijeing  introduced  oljliquely  between  the  skin  and  the 
abscess,  and  then  made  to  dip  down  into  the  sac.    After  the  withdi-awal  of  i 
the  cannula,  the  aperture  may  be  closed  as  in  the  former  case. 
Since  the  invention  of  the  Aspirator  by  Dieulafoy,  that  instrument  has  to 


Fig.  [i.O.— Two  forms  of  Volkiiiann'.s  "  Sharp  Spoon." 

a  great  extent  taken  the  place  of  the  trochar  and  cannula,  as  by  its  use  the  :> 
entrance  of  air  is  effectually  prevented.    There  is,  however,  one  disadvantage.] 
in  this  plan  of  opening  abscesses  ;  that,  if  the  discharge  be  cm'dy  or  shreddy,  .1 
it  is  very  apt  to  block  up  the  cannula  or  needle,  and  thus  to  interfere  \\-ith  the 
proper  evacuation  of  the  matter.   It  is  very  seldom,  however,  that  any  of  these 
modes  of  treatment  cure  a  chronic  abscess.    The  time  comes  at  last  in  almost 
all  cases  when  it  must  be  opened.    By  carefully  carrying  out  the  antiseptic 
treatment,  to  be  presently  described,  this  may  be  done  without  causing  the 
slightest  constitutional  disturbance  ;  but  if  from  any  cause  that  be'  not 
possible,  the  septic  fever  following  the  admission  of  air  may  be  kept  down  so 
as  to  be  scarcely  dangerous  by  making  very  free  incisions  and  inserting  larje 
drainage-tubes,  so  that  the  quantity  of  decomposable  matter  shall  be  reduced 
to  a  minimum. 

In  opening  a  large  chronic  abscess,  the  wound  should  first  be  made  only 
just  large  enough  to  admit  the  forefinger,  which  should  immediately  be  thrust 
in  before  the  pus  escapes,  so  that  the  interior  of  the  ca^ity  can  be  examined 
before  it  collapses.  In  this  way  the  size  and  shape  of  the  abscess,  its  probable 
origm,  and  the  presence  or  absence  of  loose  fragments  of  bone  or  other  foreio-u 
bodies  are  most  easily  determined.  In  doing  this,  however,  care  should  be- 
taken  not  to  tear  through  the  bands  which  are  often  felt  crossino-  the  ea^-ity 
as  these  sometnnes  contain  vessels  of  considerable  size.    If  much  shreddy  ov  ■ 
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cheesy  matter  can  be  felt  in  tlie  cavity,  it  must  be  carefully  removed  by  means 
of  a  small  scoop  or  sharp  spoon. 

In  the  treatment  of  chronic  abscess  in  connection  with  joints,  very  free 
incisions,  laying  the  ca^-ity  completely  open  fi-om  one  end  to  the  other,  at  its 
most  dependent  part,  will  be  found  to  ^i\Q  the  best  results. 

In  small  chronic  abscesses,  such  as  those  arising-  in  connection  with  caseating 
glands,  or  in  scrofulous  subcutaneous  al>scesses,  which  freiiuently  occur  in 
situations  in  which  it  is  desirable  to  avoid  a  scar,  the  best  mode  of  treatment 
is  to  make  a  puncture,  through  which  a  small  "  sharp  spoon  "  (Fig.  95)  can 
be  introduced,  by  means  of  which  all  the  half-softened  cheesy  matter  can  be 
removed.  After  the  cavity  has  been  thoroughly  scraped  out,  a  small  drainage- 
tube  should  be  inserted.  Tliese  operations  as  a  rule  succeed  much  better  if 
performed  with  antiseptic  precautions. 

Potassa  Fusa,  though  its  application  be  painful,  may  be  advantageously 
used  for  opening  those  chronic  subcutaneous  abscesses,  the  skin  covering  which 
is  nuich  undermined,  congested,  and  discoloured.  In  these  cases  I  commonly 
employ  it  with  great  advantage. 

In  some  forms  of  chronic  abscess  it  will  be  found  that  those  processes  which 


Fig.  90. — Introduction  of  Seton  into  Abscess  through  Cannula. 


are  necessary  for  the  contraction  and  closure  of  the  cavity,  after  its  contents 
have  been  evacuated,  do  not  readily  take  place  ;  and  it  l)ecomes  necessary  to 
have  recourse  to  measures,  which,  l)y  exciting  inflammation  in  the  wall,  bring 
about  changes  which  are  followed  by  healing.  With  this  view,  a  Seton  of 
two  or  three  threads  may  very  usefully  be  passed  across  the  cyst  by  means  of  a 
nsevus-needlc,  or  by  a  long  straight  needle  pushed  up  through  a  cannula  used 
for  tapping  (Fig.  9G).  It  should  be  left  in  for  a  few  days,  l)y  Avhich  time 
healthy  inflammation  will  be  set  up.  In  other  cases  again,  after  the  cyst  has 
been  tapped,  the  red  wash  or  diluted  tincture  of  iodine  should  be  injected 
and  left  in.  These  methods  of  exciting  inflammation  are  especially  useful 
when  the  wall  is  thin,  and  of  a  very  chronic  character.  When  the  wall  is 
very  thick  and  dense,  as  sometimes  happens  in  abscesses  of  very  old  standing 
situated  in  the  neck,  an  elliptical  piece  of  the  superficial  portion  should  be 
dissected  out,  and  the  cavity  lightly  dressed,  and  allowed  to  fill  by  granulation. 
This  plan  of  treatment  is  often  very  successful ;  and  I  have  by  it  cured  aljscesses 
in  the  neck  of  seven  or  eight  years'  standing,  which  have  resisted  every  other 
plan  employed. 

The  Drainage-tube  was  iutroduced  into  modem  surgical  practice  by  Chas- 
saignac.    It  is  of  the  greatest  value  in  keeping  the  cavities  of  abscesses,  and, 
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indeed,  the  interior  of  wounds  gonerally,  free  from  those  fluid  accumulations 
which  are  apt  to  undergo  decomposition,  and  thus  l)ecome  the  source  alike  of 
local  irritation  and  of  constitutional  infection. 

In  185;'),  in  the  "  Gazette  des  Hopitaux,"  was  published  the  following 
description  of  Cliassaignac's  method  of  employing  surgical  drainage  : — "  The 
])rmc\])\c  of  Siirr/uul  Drai/mr/e  consists  in  establishing  a  continuctus  outward 
flow  of  the  fluids,  or,  in  other  words,  in  bringing  about  a  sort  of  drying-up  of  ' 
purulent  collections.   It  is  necessary  to  employ  tubes  of  vulcanized  caoutchouc 

of  different  diameters,  the  medium  size  benig  that  of 
a  crow's  quill,  pierced  at  intervals  with  small  holes  like 
those  of  the  eye  of  a  catheter.   These  tubes  are  placed 
across  abscesses  or  purulent  collections  in  such  a  way 
that  the  liquids  penetrating  through  the  holes  in  the 
sides  of  the  tubes  may  easily  flow  along  their  whole 
length,  and  continuously  drop  from  their  ends  or 
from  that  one  which  is  more  dependent.    These  tubes  . 
are  introduced  in  the  same  way  that  a  seton  is  ...  . 
the  end  of  the  tube  is  split  in  two,  and  each  piece  is  • 
fixed  to  the  skin  by  a  strip  of  plaster."    To  this  des-  • 
cription  nothing  need  be  added.    No  improvement 
has  been  made  on  the  method  devised  by  Chassaignac  • 
more  than  a  quarter  of  a  century  ago.* 

Drainage-tubes  are  especially  useful  in  the  treatment 
of  chronic  abscesses.    The  tubes  made  of  the  red 
India-rubber  are  the  most  duraVde.    They  must  cor- 
respond in  size  to  the  capacity  of  the  cavity  they  are 
intended  to  drain  ;  not  so  much  because  a  small  tube 
could  not  carry  off  all  the  fluid  that  escapes,  but  be- 
cause the  larger  tubes  are  less  likely  to  get  accidentally 
choked,  and  the  larger  the  cavity,  the  more  serious  would  I 
be  the  consequences  of  such  an  accident.    For  a  large  • 
psoas-abscess  the  tube  first  used  should  be  at  least  as  ^ 
thick  as  the  fore-finger.    A  couple  of  threads  about  2  inches  in  length,  must  be  ' 
attached  one  to  each  side  of  the  superficial  end  of  the  tube.    These  lie  upon  i 
the  skin  beneath  the  dressing  when  the  tube  has  been  inserted,  and  prevent  t 
its  slipping  into  the  cavity.    This  precaution  is  very  important,  as  many  • 
accidents  have  happened  from  its  not  l)eing  taken.    A  few  years  ago,  a  patient  i 
threatened  an  action  for  damages  against  the  authorities  of  a  hospital,  because 
through  the  neglect  of  this  detail  on  the  part  of  a  dresser,  the  tube  had  slipped  i 
into  the  cavity  of  an  abscess,  and  had  been  lost  and  forgotten ;  by  which  accident  t 
the  cure  was  considerably  delayed.   If  the  tubes  are  intended  to  be  used  as  part  ♦ 
of  the  antiseptic  treatment,  they  must  be  kept  in  a  solution  of  carbolic  acid  in 
water  (1  in  20)  for  at  least  twenty- four  hours  before  being  used. 

A  drainage-tube  is  used  in  the  following  way.  The  abscess  having  been 
punctured  and  the  pus  allowed  to  escape,  the  depth  of  the  cavity  is  measured  ' 


Kinus  Force]is.' 


*  But  tlie  surgical  diviiiiape  of  alisopsses  was 


^'''i*"®  •''f''"      t'^^'  case  of  Philin  Uie 

mving  iiidst  interest- 
titled  De  Felici  A'.rcf.vM 
pell  Reg.,  etc.  They 
I',  ut  testatur  Gare.ias  . 


DRAIN  A  GE-TUBES. 


245 


with  a  probe,  or  with  a  pair  of  small  "  sinus-forceps"  (Fio-.  97),  which  serve 
to  introduce  the  tube.    The  depth  having  been  ascertained,  a  piece  of  tube  of 
the  necessary  length  is  cut  off.    It  is  then  seized  in  the  sinus- forceps,  and 
pushed  in  till  the  open  mouth  with  the  threads  attached  is  exactly  level  with 
the  skin.    If  the  tube  passes  in  obliquely  beneath  the  skin,  its  mouth  must  be 
bevelled  so  as  to  correspond  accurately  to  the  surface.    If  a  long  piece  of  tube 
be  allowed  to  hang  out,  its  end  is  folded  over  under  the  dressing,  and  thus  the 
lumen  is  completely  obstructed.    Another  very  convenient  way  of  introducing 
these  tubes  is,  by  fixing  them  on  the  end  of  a  forked  prol)e  (Figs.  1)8  and  99), 
by  which  the  tube  is  carried  into  the  abscess  and 
1 1       left  there  on  the  withdrawal  of  the  probe. 
U  In  some  large  abscesses  it  will  be  found  con- 

I         venient  to  pass  in  two  tubes  at  diflPerent  points. 

This  is  much  better  than  passing  a  single  tube 
j         through  the  cavity,  as  it  allows  the  middle  part 
I        to  heal,  and  diminishes  the  chance  of  a  trouble- 
I        some  suppurating  track  being  left.    A  di'ainage- 
tube  had  better  not  be  removed  for  three  days, 
otherwise  there  may  be  some  trouble  in  putting 
it  in  again ;  but  by  the  third  day,  it  has  usually 
made  a  track  for  itself,  into  which  it  can  readily 
I         be  passed  when  it  has  been  taken  out  for  cleaning. 
Ficr  OS  "^'^^^  ^^^^  as  the  abscess  gradually 

Foike.i  Probe    closcs  from  tlic  bottom,  the  tube  becomes  pushed       Fig-  ff- 

loi-  iiitroiluc-  ,  ,  .  ,      ,    1         1  -T  Drainage-tube 

ing  Drainage-      OUt  ;  AVhCU  thlS  COmuienCCS  tO  take  place,  it  must      and  Forked 

be  gradually  shortened  to  accommodate  it  to  the 
diminished  size  of  the  cavity,  A  tube  of  smaller  diameter  may  also  be  used 
with  advantage  as  the  discharge  diminishes.  In  some  cases  the  drainage- 
tubes  have  appeared  to  me  to  act  in  another  way  than  by  merely  removing  the 
purulent  secretion ;  viz.,  by  irritating  the  Avail  of  the  abscess  just  as  a  seton 
would,  and  thus  setting  up  increased  activity,  and  materially  augmenting  the 
discharge.  On  their  withdrawal,  hoAvever,  this  stimulation  has  been  found  to 
be  beneficial,  causing  a  speedier  closure  of  the  cavity. 

The  antiseptic  treatment  may  be  very  successfully  applied  to  the  treat- 
ment of  abscesses.  By  its  means  all  the  advantages  of  a  free  opening,  giving 
ready  exit  to  the  discharges,  can  be  obtained  AA'ithout  the  serious  consequences 
Avhich  often  follow  the  modes  of  treatment  which  have  just  been  described, 
especially  in  the  case  of  large  chronic  abscesses.  The  practice  is  founded  upon 
the  following  principles  : — 1.  The  formation  of  pus,  Avhether  on  the  surface  of 
a  granulating  sore  or  in  the  cavity  of  an  abscess,  is  due  to  some  abnomal 
irritation  of  the  tissues. — 2.  In  the  vast  majority  of  acute  abscesses,  the 
primary  cause  is  of  a  temporary  character,  its  exact  nature  often  being  uncer- 
tain ;  in  other  cases  a  distinct  cause  may  be  readily  found,  as  an  injury  in  an 
unhealthy  subject,  or  the  presence  of  an  irritating  foreign  body.— 3.  The 
primary  cause  of  the  formation  of  an  abscess  being  removed  or  haA'ing  dis- 
appeared, the  irritation  set  up  by  the  tension  of  the  parts  in  consequence  of 
the  accumulation  of  fluid  is  sufficient  to  cause  the  continuance  of  the  process 
of  suppuration,  and  the  pointing  of  the  abscess. — 4.  If  this  source  of  irritation 
be  removed  and  no  fresh  irritant  takes  its  place,  and  if  no  other  irritant  of  a 
persistent  character,  such  as  the  presence  of  a  foreign  body,  have  co-existed 
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with  it,  all  suppuration  will  cease  as  soon  as  tension  is  relieved  by  letting  out 
the  pus,  the  only  subsequent  discharge  being  of  a  serous  nature,  coming  from 
the  surface  of  the  granulations  lining  the  cavity  of  the  abscess.  If  this  dis- 
charge be  pent-u]i  in  the  cavity,  tension  will  be  again  produced,  and,  acting 
as  an  irritant,  will  cause  fresh  suppuration  ;  but  if  the  discharge  be  allowed  to 
drain  away  it  w'ill  rapidly  diminish,  and  the  sac  of  the  al)scess  will  be  oblite- 
rated by  the  ordinary  processes  of  contraction  and  cicatrization.  If  dead 
bone  exist  at  the  bottom  of  the  cavity,  the  reparative  process,  involving 
absorption  or  expulsion  of  the  dead  bone,  will  be  very  sIoav,  the  serous 
discharge  often  continuing  for  months  without  change,  unless  allowed  to 
decompose,  when  it  will  rapidly  become  purulent  and  considerably  increased 
in  quantity. — 5.  In  the  ordinary  method  of  opening  an  al^scess,  although  the 
irritation  due  to  tension  is  removed,  a  fi-esh  irritant  is  admitted  in  the  shape 
of  the  decomposition  of  the  discharges,  which  in  the  mildest  cases  will  seriously 
delay  the  closing  of  the  cavity  of  the  abscess,  while  in  many,  such  as  large 
psoas  or  lumbar  abscesses,  it  may  lead  to  such  an  amount  of  constitutional 
disturbance  as  to  be  rapidly  fatal. — (i.  The  cause  of  decomposition  is  not  the 
admission  of  the  gases  of  the  air,  but  the  presence  of  organic  germs  Avhich 
are  constantly  floating  in  the  atmosphere,  and  Avhose  activity  is  readily 
destroyed  by  the  direct  action  upon  them  of  any  powerful  chemical  antiseptic, 
many  of  which  are  volatile  ;  but  experiments  have  showii  that  ])ut  little  reliance 
can  be  placed  upon  their  vapours  mixed  with  air  in  such  proportions  as  are 
practically  attainable.  Lister,  therefore,  in  his  method  of  treatment  aims  at 
the  following  objects  : — 1st,  By  freely  opening  the  abscess,  completely  to 
evacuate  its  contents,  and  to  provide  a  ready  exit  for  the  subsequent  dis- 
charge, thus  com[)letely  removing  tension  and  preventing  its  return  ;  2nd,  the 
entire  exclusion  from  the  opening  into  the  abscess  of  air  unmixed  with  a  strong 
spray  of  carbolic  acid  or  some  other  antiseptic  ;  the  spray  must  be  so  fine  that 
it  shall  be  practically  impossible  for  any  solid  particle  floating  in  the  air  to 
escape  contact  with  a  drop  of  the  antiseptic  solution  ;  and  3rd,  the  absorption 
by  some  porous  material,  impregnated  with  a  powerful  antiseptic,  of  all  dis- 
charges as  soon  as  they  escape  from  the  wound — in  short,  the  prevention  of 
decomposition  in  the  sac  of  the  abscess,  or  in  the  discharges  lying  about  the 
opening. 

The  most  convenient  antiseptic  for  these  purposes  is  carbolic  acid.  The 
apparatus  and  materials  required  for  opening  and  dressing  an  abscess  anti- 
septically  are— 1st.  A  quart  or  more  of  a  solution  of  carbolic  acid  in  water 
(1  in  20).  2nd.  Some  thin  cotton  or  hnen  rag  fi-ee  from  holes;  called  ''the 
guard:'  3rd.  Some  thick  green  oiled-silk,  coated  with  copal  varnish,  and 
covered  with  a  thin  layer  of  a  mixture  of  dextrine  and  starch  ;  so  that  when 
dipped  in  the  carbolic  lotion,  it  mny  become  uniformly  wetted.  This  is  called 
the^"  j)ro/w/M'e."  4th.  The  carMic  (jauze.  5th.  Some  thin  mackintosh  cloth 
or  "  haUining:'  Gth.  Some  bandages  made  of  the  carl)olic  gauze,  and  some 
elastic  webbing  from  1  to  2  inches  in  width.  The  instruments  required  are— 
1st,  the  Spray-producer.  If  nothing  else  be  available,  a  Richardson's  ether- 
spray-apparatus  filled  with  a  solution  of  carbolic  acid  in  water  (1  in  40),  may 
be  used,  but  the  steam-sprays  are  much  more  convenient  and  certain  '  The 
vessel  for  the  carbolic  acid  must  be  filled  with  the  1  in  20  solution,  which  when 
mixed  Avith  the  steam,  is  reduced  to  ahout  1  in  30.  2nd.  A  basin  or  deep  flat 
dish  filled  with  carbolic  lotion,  1  in  40,  in  which  all  instruments  are  to  be 
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placed.  3rd.  A  piece  of  di-ainage-tube  suited  to  the  case  and  fitted  witli 
threads.  It  must  have  been  soaked  iu  the  1  in  20  solution  for  twenty-four 
hours.  4th.  The  ordinary  instruments  for  opening  an  abscess,  and  a  pair  of 
sinus-forceps  for  inserting-  the  drainao-e-tube. 

The  opening-  of  an  abscess  according  to  the  Listerian  method  is  done  as 
follows.    The  skin  all  round  for  at  least  9  inches  when  possible,  must  first  be 
well  washed  with  the  carbolic  lotion  (1  in  40).  It  is  often  a  good  plan  to  wrap 
the  part  in  a  towel  soaked  in  the  carbolic  lotion  for  an  hour  or  two  before  the 
abscess  is  opened,  especially  when  the  patient's  skin  is  very  dirty.    The  steam 
spray  is  then  turned  on.    Care  must  be  taken  to  sec  that  it  is  really  blowing 
carbohc  acid  lotion  and  not  water  alone,  as  it  would  then  merely  sweep  the 
dust  of  the  air  into  the  wound  and  encourage  putrefaction.    The  Surgeon 
having  thoroughly  bathed  his  hands  in  the  lotion  (1  in  40)  then  opens  the 
abscess  with  the  knife  taken  freshly  out  of  the  same  solution.    As  soon  as  the 
pus  ceases  to  flow,  the  drainage-tube  is  inserted  as  before  described.    If  it  is 
desirable  not  to  use  the  spray  more  than  is  absolutely  necessary  in  order  to 
avoid  wetting  the  bed,  the  incision  may  be  covered  by  the  guard — that  is  to 
say,  the  piece  of  rag  before  mentioned — dipped  in  the  carbolic  lotion ;  and  the 
pus  may  be  allowed  to  flow  out  from  under  this,  the  spray  being  stopped  for 
the  time.    As  soon  as  the  pus  ceases  to  flow,  the  spray  may  be  turned  on 
ag'ain  and  the  guard  removed.    The  dressing  is  applied  thus  ;  a  small  23iece  of 
the  "  protective  "  dipped  in  the  carbolic  lotion  is  first  apphed  to  the  wound, 
with  a  hole  cut  through  it  con-esponding  to  the  mouth  of  the  drainage-tube. 
The  object  of  this  is  to  protect  the  tissues  from  the  direct  contact  of  the 
carbolic  acid,  which,  as  a  powerful  irritant,  would  arrest  or  at  least  delay 
healing,  and  cause  more  or  less  profuse  suppuration.    If  the  tube  exactly  fills 
the  opening  made,  the  protective  is  not  necessary.    Over  this  is  placed  a 
double  layer  of  gauze,  dipped  in  the  carbolic  lotion  and  s(iueezed  as  dry  as 
possible.    This  has  been  found  to  give  an  additional  safety,  as  the  carljolic 
gauze  often  picks  up  pieces  of  dirt  which  are  not  disinfected  by  it  in  its  dry 
state.    Over  the  wet  gauze  are  applied  several  dry  layers,  either  smooth  or 
crumpled  up  according  to  the  form  of  the  part.    The  (juantity  of  this  must  be 
proj)ortional  to  the  amount  of  discharge  that  is  expected  to  flow  from  the 
cavity.    It  must  be  arranged  so  as  to  fill  up  auy  natural  hollows  or  irregulari- 
ties of  the  part,  so  that  the  bandages  may  lie  smoothly  and  evenly  over  it. 
The  superficial  dressing  is  then  apj^lied.    This  is  composed  of  eight  layers  of 
carbolic  gauze,  between  the  two  most  superficial  of  which  is  placed  a  piece 
of  thin  mackintosh  cloth,  or  as  it  is  called  in  the  trade    hat-lining."  The 
object  of  this  is  to  diflFuse  the  discharge  evenly  throughout  the  whole  dressing, 
and  to  prevent  its  soaking  through  at  once  opposite  the  opening  into  the 
abscess.    If  no  "hat-lining"  is  available,  of  course  any  other  water-proof 
material  will  act  equally  well.    The  dressing,  which  must  extend  at  least  G  or 
8  inches  on  each  side  of  the  opening,  and  fm-thest  in  that  direction  in  which 
the  discharge  is  expected  to  drain,  is  secured  in  its  position  by  a  bandage 
made  of  the  antiseptic  gauze,  great  care  being  taken  to  secure  the  edges. 
Lastly,  elastic  webbing  fi-om  1  inch  to  2  inches  in  width  according  to  circum- 
stances, must  be  applied  in  such  a  way  as  to  keep  the  edges  of  the  dressing 
constantly  in  contact  with  the  skin,  in  spite  of  any  movement  on  the  part  of 
the  patient.    In  the  case  of  a  dressing  on  a  limb,  a  single  turn  secured  by  a 
pin  at  the  upper  and  lower  end  of  the  gauze  is  all  that  is  required.    In  other 
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situations  the  Surgeon  must  exercise  his  ingenuity  in  applying  it  in  such  a 
manner  as  to  fasten  the  edges  of  the  dressing  securely  on  the  part.  It  must, 
of  course,  not  be  applied  so  tightly  in  any  case  as  to  interfere  with  the 
circulation.  The  introduction  of  the  few  turns  of  elastic  webbing  m  the 
application  of  the  dressing  has  done  more  than  any  other  late  improvement  to 
ensure  the  success  of  the  treatment. 

The  gauze  di-essing  thus  applied  acts  in  two  ways :— 1st,  mechanically,  by 
filtering  any  air  which  may  pass  through  it,  and  tlius  excluding  dust ;  and 
2nd,  chemically,  by  slowly  yielding  up  to  the  decomposable  fluids  which  soak 
into  it  a  sufficient  (juantity  of  carbolic  acid  to  prevent  their  putrefaction. 

A  carbolic  gauze  dressing  must  always  be  changed  once  in  the  first  twenty- 
four  hours  after  the  opening  of  the  abscess  ;  or  sometimes  even  before  this  if 
the  discharge  be  very  abundant.  After  this,  it  is  customary  not  to  change 
the  di-essing  before  the  discharge  shows  at  one  edge  ;  and  this  is  found 
sufficient  to  exclude  any  signs  of  putrefaction,  and  practically  to  prevent  the 
febrile  disturbance  and  profuse  suppuration  which  decomposing  matter  so 
frequently  gives  rise  to.  Experience  has,  however,  shown  that  if  the  dressing 
be  changed  only  when  the  discharge  has  soaked  out  from  beneath  it,  the  pus 
frequently  becomes  sour  in  smell  and  somewhat  irritating,  as  indicated  by  a 
slight  increase  in  the  amount  of  pus  discharged,  and  sometimes  by  reddening 
or  excoriation  of  the  skin.  Observations  made  by  Cheyne  on  Lister's  cases, 
have  shown  that  when  this  occurs,  micrococci  are  always  found  in  the  dis- 
charges ;  rod-shaped  organisms  are  found  only  when  the  dressing  has  failed 
entirely,  and  ofteusive  putrefaction  has  set  in.  It  seems,  therefore,  that  the 
micrococci  give  rise  to  a  fermentative  process  in  the  pus,  the  products  of  which 
are  almost,  though  not  quite,  innocuous,  Ogston  has  shown  that  by  anticipat- 
ing the  soaking-out  of  the  pus,  by  more  fi'equeiit  di-essings,  the  development 
of  micrococci  can  be  prevented  ;  and  he  is  of  opinion  that  the  benefit  derived 
from  this  is  worth  the  extra  trouble  involved  in  di'essing  the  abscess  a  few 
times  more.  It  would  seem  that  the  micrococci  are  less  easily  destroyed  by 
carbolic  acid  than  the  bacteria,  and  consequently  as  the  di'essing  begins  to  lose 
its  carbolic  acid,  partly  by  volatilization  and  partly  by  solution  in  the  dis- 
charges, they  make  their  appearance  in  the  pus. 

In  changing  the  dressings,  all  the  precautions  observed  at  the  opening  of 
the  abscess  must  be  repeated. 

Certain  modifications  of  the  above  dressing  require  to  be  noticed.  It  is 
evidently  impossible  in  many  cases  to  make  the  di-essing  extend  6  or  8  inches 
beyond  the  opening  of  the  abscess ;  in  these  cases  the  diminished  extent  of 
the  dressing  must  be  compensated  for  by  increased  thickness,  twenty  or  more 
layers  being  applied  in  the  place  of  the  eight  recommended  above. 

In  hairy  parts  it  is  often,  difficult  to  disinfect  the  skin  thoroughly  before 
opening  the  abscess.  In  such  cases,  a  thicker  layer  of  wet  gauze  must  be 
applied,  or  the  skin  may  be  anointed  with  a  solution  of  carbolic  acid  in  ohve- 
oil  (1  in  10)  or  in  glycerine  (1  in  8). 

It  must  not  be  supposed  that  in  the  absence  of  all  the  materials  and 
apparatus  above  mentioned,  it  is  impossible  to  carry  out  the  antiseptic 
principle  of  treatment ;  that  is  to  say,  to  prevent  absolutely  all  decomposition 
of  the  discharges. 

The  instrument  most  frequently  wanting  is  the  spray-apparatus  ;  and 
fortunately  this  is  the  one  which  can  most  readily  be  spared.    The  spray 
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cannot  at  the  present  time  be  looked  upon  as  more  than  an  elegant  mode  of 
applying  the  carbolic  lotion,  its  elegance  consisting  in  its  washing  the  air  as 
well  as  the  wound.  In  its  absence,  irrigation  by  means  of  a  sponge  squeezed 
over  the  part,  or  of  an  Esmarch's  irrigator  allowed  to  run  on  it,  combined  with 
a  judicious  use  of  the  guard,  will  very  well  supply  its  place  during  the  opening 
of  an  abscess,  and  the  insertion  of  the  drainage-tube.  At  the  subsequent 
dressings,  irrigation  may  be  carried  on  whenever  the  wound  is  exposed.  A 
veiy  small  amount  of  dexterity,  and  the  exercise  of  a  little  common  sense,  will 
enable  the  Surgeon  to  treat  almost  any  abscess  antiseptically  without  a  spray, 
the  only  exception,  perhaps,  being  some  of  those  about  the  chest  and  abdomen, 
in  which  air  is  freely  sucked  in  and  out  of  the  cavity  by  the  movements  of 
respiration.  Still,  a  steam-spray-apparatus  gives  great  additional  security 
dui-ing  the  early  part  of  the  treatment  of  a  large  chronic  abscess,  and  it  is 
better  to  use  it  if  it  is  obtainable. 

In  the  absence  of  carbolic  gauze,  a  neatly  made  pad  of  carded  oakum  of 
uniform  thickness,  fonns  an  excelleuD  antiseptic  dressing.  It  must  be  covered 
by  some  water-proof  material  to  prevent  the  discharge  from  soaking  through 
it  too  quickly.  Oakum  is  an  antiseptic  dressing  of  great  potency,  but  it  is 
very  instating  if  applied  directly  to  a  raw  surface,  and  it  blackens  the  skin 
wherever  it  touches  it.  Any  raw  surface  must  therefore  be  covered  with  the 
protective,  and  the  skin  around  should  be  gi-eased  with  carbolic  oil  (1  in  10). 

Absorbent  cotton-wool  impregnated  with  iodoform  (iodoform-wool)  makes  a 
most  excellent  antiseptic  dressing  for  all  the  smaller  chronic  abscesses,  espe- 
cially those  connected  with  diseased  joints  and  bones ;  and  in  subcutaneous 
scrofulous  abscesses,  and  in  those  dependent  upon  softening  tubercle,  it  is 
supposed  by  some  to  exert  a  specific  curative  influence.  The  abscess  must  be 
laid  freely  open  and  scraped  out  with  a  sharp  spoon  to  get  rid  of  any  remain- 
ing cheesy  matter  ;  a  few  gi'ains  of  iodoform  may  be  introduced  into  the  sac, 
and  then,  if  necessary,  the  drainage-tube  is  inserted.  The  iodoform-wool  is 
then  applied,  to  the  thickness,  when  lightly  compressed,  of  about  one  inch  and 
a  half,  and  extending  some  six  inches  on  each  side  of  the  opening  ;  over  this 
is  placed  an  ordinar}^  roller  bandage.  If  no  di-ainage-tubc  has  been  inserted, 
the  dressing  may  be  left  on,  if  all  goes  well,  either  till  some  discharge  shows 
out  from  underneath  it,  or  till  the  abscess  may  reasonably  be  supposed  to  be 
healed ;  often  for  a  month  or  six  weeks.  If  a  tube  has  been  inserted,  it  is 
better  to  dress  it  once  a  Aveek,  to  shorten  or  remove  the  tube.  Any  pain,  or 
more  particularly  an  elevation  of  temperature,  is  an  indication  for  removing 
the  dressing.  Absorbent  wool  impregnated  with  salicylic  acid,  or  silk  waste 
containing  about  ten  per  cent,  of  the  acid  with  a  little  glycerine,  as  recom- 
mended by  McGill,  can  be  used  in  the  same  way.  They  are  free  fi'om  smell, 
and  cheaper  than  iodoform-wool,  but  their  antiseptic  properties  are  somewhat 
inferior. 

Two  or  three  layers  of  lint  soaked  in  carbohc  oil  (1  in  10),  or  carbolic  acid 
and  glycerine  (1  in  8),  make  very  efficient  antiseptic  dressings,  but  they  must 
be  changed  at  least  twice  on  the  first  day,  and  once  CA  cry  day  afterwards. 

In  the  absence  of  carbolic  acid,  spirit  and  water  is  an  excellent  antiseptic 
lotion,  but  it  is  not  adapted  for  a  permanent  application,  as  it  so  soon  loses  its 
alcohol. 

In  the  absence  of  all  antiseptics,  decomposition  may  be  reduced  to  a 
minimum  by  securing  perfect  drainage  by  free  incisions  and  tubes,  so  as  to 
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diminish  tlie  decomposable  matter  to  the  smallest  possible  quantity  ;  and  by 
avoiding  the  use  of  water,  both  during  the  opening  of  the  abscess  and  after- 
■wards— dry  cotton-wool  or  linen  rag  being  employed  to  wipe  away  the  blood 
and  discharges,  and  dry  pads  of  cotton-wool  or  simply  a  piece  of  oiled  rag 
being  applied  as  a  dressing. 

If  it  is  desired  to  apply  warmth  and  moisture  after  the  opening  of  an 
abscess,  it  is  best  done  by  means  of  a  few  layers  of  boracic  acid  lint,  dipped  in 
a  hot,  concentrated  solution  of  boracic  acid,  and  applied  like  a  fomentation, 
being  covered  wn'th  a  piece  of  oiled  silk  and  a  sheet  of  cotton  w^ool.  As  an 
antiseptic,  however,  this  is  somewhat  uncertain  ;  but  it  is  an  efficient  disinfec- 
tant in  cases  in  wdiich  the  discharge  is  already  foul. 

If  decomposition  has  taken  place,  either  from  the  want  of  antiseptic  dress-  • 
ings  or  from  the  fiiiliire  of  the  treatment,  complete  disinfection  is  extremely  • 
difficult,  if  the  cavity  be  of  any  great  size,  such  as  that  of  a  lumbar  or  psoas  i 
abscess.  The  abscess  may  be  washed  out  by  injection  of  some  antiseptic  ■ 
solution,  such  as  Condy's  fluid,  carbolic  acid  lotion  (1  in  40),  or  boracic  acid,  . 
and  by  this  means  the  offensive  smell  of  the  discharge  may  be  diminished  ;  but 
the  suppuration  is  kept  up,  or  even  increased,  by  the  repeated  application  of :' 
these  irritating  fluids,  and,  at  the  same  time,  if  they  are  discontinued,  the  ; 
signs  of  putrefaction  soon  return.  Callender  pointed  out  that  this  is  in  many  ' 
cases  due  to  the  irregularity  of  the  cavity  and  the  impossibility  of  making  the  ' 
antiseptic  reach  every  part  of  it,  and  he  therefore  recommended  that  the  fluid  1 
should  be  pumped  in  at  some  degree  of  pressure,  so  as  completely  to  distend  I 
the  sac.  After  this  has  been  done,  some  antiseptic  dressing  may  be  applied. . 
The  injection  must  be  done  under  an  anaesthetic,  so  as  completely  to  relax  the  * 
parts  round  the  al)scess.  This  treatment  has  been  foUow^ed  by  very  good  I 
results.  The  solution  Callender  used  w^as  the  1  in  20  carbolic  lotion  diluted  1 
with  half  its  bulk  of  hot  water.  Chloride  of  zinc,  40  gi*ains  to  the  ounce  of  f 
water,  has  been  employed  for  the  same  purpose  ;  but  it  is  a  dangerous  remedy, . 
and  had  better  not  be  used.  A  very  dilute  solution  of  iodine  has  also  been  i 
used  with  good  results.  In  injecting  an  abscess-cavity,  how'ever,  with  any  • 
antiseptic  solution,  great  care  must  be  taken  not  to  use  too  much  force,  or  the  • 
sac  may  be  ruptured  and  the  fluid  difiused  in  the  areolar  tissue,  an  accident  r 
which  might  be  fatal,  especially  if  the  stronger  antiseptics  were  being  used. 
Another  plan  lately  recommended,  is  to  introduce  iodoform  into  the  ca^^ty  by  . 
means  of  a  brush,  or  on  the  end  of  the  drainage-tube.  It  must  not  be  for-  ■ 
gotten,  however,  that  iodoform  dissolves  very  slowly  and  adheres  to  the  wall 
of  the  abscess,  so  that  if  some  is  introduced  daily,  it  may  accumulate  until  a 
quantity  is  present  sufficient  to  give  rise  to  symptoms  of  poisoning.  A  case . 
of  this  kind  occurred  in  University  College  Hospital,  which  nearly  proved 
fatal  l)efore  the  cause  of  the  strange  symptoms  from  which  the  patient  suffered 
was  discovered  and  removed. 

Constitutional  Treatment. — With  the  view  of  preventing  the  occurrence 
of  suppuration,  the  Surgeon  must  be  careful  to  maintain  the  powers  of  the 
system,  and  not  to  reduce  the  patient  too  much,  even  if  the  inflammation  be 
of  an  acute  character  at  the  outset.  Suppuration  is  a  condition  of  debility, 
and  is  especially  predisposed  to  by  any  previously  existing  enfeebled  state  of 
the  system,  or  by  malnutrition.  Another  reason  for  the  avoidance  of  the  early 
employment  of  debilitating  means  is  that,  if  suppuration  once  be  established, 
the  drain  on  the  system  may  eventually  be  so  considerable  as  to  require  all  the 
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])atient's  powers  to  enable  hini  to  bear  np  against  it.  Hence  they  shonkl  be 
husbanded  from  the  first.  AVhile  the  abscess  is  discharging,  nourishing, 
tonic,  and  even  stimulating  treatment  will  be  required  in  proportion  to  the 
amount  of  debility  that  is  induced.  Amongst  the  most  useful  medicinal  agents 
are  mineral  and  vegetable  tonics,  the  mineral  acids,  and  cod-liver  oil  in  the 
more  chronic  stages.  Attention  to  hygienic  conditions,  with  change  of  air, 
and  residence  at  the  sea-side,  are  also  valuable.  When  hectic  comes  on,  the 
^ame  general  tonic  plan  must  be  adopted,  while  we  have  recourse  to  means 
adapted  to  meet  the  local  symptoms.  Thus,  acids  are  required  to  check  the 
sweating,  astringents  to  arrest  the  diarrhoea,  and  as  much  mild  nourishment 
as  the  patient  will  bear  to  support  the  strength. 

HAEMORRHAGE  IXTO  THE  CAVITY  OF  AN  Abscess  is  not  of  unfrcquent 
I  )ccurrence.  It  may  arise  fi'om  three  sources :  1 .  Oozing  of  blood  fi*om  the 
\  ascular  wall  of  the  abscess ;  2.  Ulceration  into  a  vein  ;  3.  Ulceration  or 
sloughing  of  the  coats  of  a  neighbouring  artery. 

The  bleeding  which  occurs  from  the  abscess-wall  is  the  most  frequent, 
and  the  least  im})ortant.  It  sometimes  takes  place  before  the  abscess  is  opened, 
the  pus  that  escapes  being  then  found  to  be  sanious  and  mixed  with  small 
.lagula.    More  commonly  it  occurs  after  the  opening  of  the  abscess,  in  con- 
sequence probably  of  the  wall  having  lost  the  support  of  the  contained  pus, 
when  the  vessels  in  the  soft  waUs  give  way  and  the  cavity  speedily  fills  with 
ilood.    In  these  cases  the  haemorrhage  may  be  arrested  by  laying  the  cavity 
of  the  abscess  freely  open  and  turning  out  the  coagula,  when  the  bleeding 
isually  ceases  as  soon  as  the  interior  is  exposed  to  the  cold  air.    Should  this 
lil,  it  may  be  necessary  to  stuff  the  cavity  \\\t\\  lint,  or,  if  possible,  with 
mie  antiseptic  material  as  iodoform-  or  salicylic-wool,  and  to  apply  pressure 
\  ith  a  bandage.    AVTien  the  ctivity  is  closing,  the  vascular  granulations  which 
tomi  upon  its  walls  may  bleed  very  freely  if  any  pressure  be  accidentally 
i  irought  to  bear  on  the  veins  leading  from  the  part.    In  this  case  the  bleeding 
ceases  immediately  the  pressure  is  removed. 

Htemorrhage  fiom  Ulceration  extending  into  a  neighbouring  Vein,  is 
necessarily  far  more  serious.  It  has  usually  hai^pened  from  sloughy  abscesses 
formed  on  the  side  of  the  neck  or  under  the  angle  of  the  jaw,  as  a  consequence 
of  scarlatina  in  strumous  and  unhealthy  individuals,  opening  up  the  internal 
jugular  vein.  But  it  may  arise,  independently  of  any  specific  inflammation, 
in  cachectic  patients.  In  these  distressing  cases,  the  only  treatment  that  can 
be  adopted  is,  to  plug  the  cavity  of  the  abscess  with  lint  soaked  in  a  solution 
of  the  perchloride  of  iron,  and  supported  by  bandage  or  plasters.  In  this  way 
the  fatal  event  may  be  for  a  time  perhaps  delayed  ;  but  it  is  inevitable  ulti- 
mately, the  blood  bursting  forth  by  the  sides  of  the  plugs  as  these  become 
loosened,  or  as  the  sloughing  opens  up  the  vein  more  widely.  The  effect 
of  the  bleeding  is  greatly  aggravated  by  the  depressed  state  of  the  system, 
labouring  under  the  conjoined  influences  of  a  large  sloughy  wound  and  a 
specific  poison. 

If  the  haBmorrhage  arise  fi-om  the  Ulceration  of  a  large  Artery,  the  case 
necessarily  becomes  one  of  extreme  urgency.  I  have  known  this  condition  to 
occur  in  the  neck  and  in  the  thigh  ;  in  the  neck  from  sloughy  scarlatinal 
abscess  implicating  the  carotid  ;  in  the  thigh,  from  the  extension  of  ulcera- 
tion fi-om  abscesses  and  sinuses  to  the  deep  femoral.  When  this  untoward 
complication  of  abscess  occurs  in  the  neck,  the  hgemorrhage  is  usually  so 
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sudden  and  so  profuse  that  the  Surgeon  has  not  time  to  tie  the  carotid  before 
life  is  extinguished.  A.  J.  Pepper  has,  however,  recorded  a  case  of  severe 
hoemorrhage  after  scarlet  fever,  which  was  repeated  several  times,  and  finally 
successfully  arrested  by  ligature  of  the  common  carotid.  The  patient  was  a 
man,  aged  30,  and  made  a  good  recovery.  In  the  thigh  the  case  is  not  so 
urgent.  Warnings  by  repeated  small  hemorrhages  may  have  enabled  the 
Surgeon  to  adopt  means  to  restrain  the  bleeding  ;  and,  in  the  case  to  which  I 
allude,  that  of  a  young  man,  the  femoral  artery  was  tied  successfully.  In 
these  cases,  it  is  worse  than  useless  to  trust  to  secondary  means  for  the  arrest 
of  the  ])leeding.  AVhen  practicable,  the  artery  should  l^e  compressed,  the 
cavity  freely  opened  up,  and  the  bleeding  vessel  sought  for  and  tied.  If  it 
cannot  be  found,  the  main  trunk  must  be  ligatured  ;  and,  for  obvious  reasons, 
this  is  the  only  course  that  can  be  pursued  in  the  upper  part  of  the  neck. 

Sixvus  AND  Fistula. — After  an  abscess  has  been  opened,  its  cavity  may  not 
fill  up  completely ;  but,  contracting  into  a  narrow  suppurating  track,  it  may 
form  a  canal  without  disposition  to  close,  from  which  a  small  quantity  of  pus 
constantly  exudes,  thus  constituting  a  Sinus  or  Fistula. 

The  diiference  between  a  sinus  and  a  fistula  is  this — that  a  sinus  is  merely 
a  suppurating  track  penetrating  to  a  greater  or  less  depth  amongst  the  tissues, 
closed  at  its  deep  end,  and  openiiig  on'  the  surface  of  the  body.  A  fistula  is 
an  abnormal  communication  between  two  of  the  cavities  of  the  body,  or  between 
a  cavity  and  the  surface,  or  a  track  through  which  the  secretion  of  some  gland 
or  hollow  viscus  takes  an  unnatural  course.  Thus  we  talk  of  a  sinus  lead! no- 
down  to  dead  bone,  but  of  a  recto-vesical  fistula,  an  aerial  fistula,  a  urinary 
fistula,  &c. 

The  Causes  of  this  non-closure  of  the  cyst  of  an  abscess  may  be  refei'red  to 
the  following  heads  : — 1.  The  j)resence  of  a  foreign  body,  as  a  piece  of  dead 
bone  at  the  bottom  ;  2.  The  passage  of  irritating  secretions,  as  urine,  fa?ces, 
saliva,  &c.,  through  the  abscess  ;  3.  The  contraction  of  neighbouring  muscles ; 
as  when  the  abscess  is  in  the  neighbourhood  of  the  sphincter  ani,  and  as  occa- 
sionally happens  in  abscesses  about  the  limbs  ;  and  4.  The  presence  of  an 
insufiiciently  drained  cavity  at  the  bottom  of  the  sinus. 

The  orifice  of  a  sinus  or  fistula  when  situated  in  hard  and  condensed  tissues 
is  often  very  small,  depressed,  and  perhaps  covered  Ijy  a  scab.  In  soft  tissues 
it  is  commonly  large  and  widely  open  ;  when  communicating  with  bones  there 
are  usually  soft,  florid  granulations  obstructing  it. 

Strudure. — A  sinus  consists  of  a  narrow  channel,  often  long  and  winding, 
having  an  external  orifice  usually  somewhat  protuberant,  and  situated  under 
or  among  loose  florid  granulations.  The  walls  of  this  channel,  which  are 
always  indurated,  are  lined  by  a  layer  of  imperfectly-formed  granulations, 
exuding  ichorous  pus.  If  the  orifice  be  occluded,  tliis  pus  will  collect  within 
the  sinus,  and,  distending  its  walls,  reconvert  it  into  an  abscess.  In  structure, 
therefore,  a  sinus  may  be  said  to  be  a  long,  narrow,  chronic  abscess,  with  a 
permanent  external  aperture. 

The  granulation-tissue  of  a  sinus,  like  that  of  any  other  granulating  sore, 
contracts  in  healing,  and  consc(piently  a  healed  sinus  lea\  es  a  deep  dimple  in 
the  skin.  This  is  the  best  evidence  of  thorough  liealing  ;  a  sinus  may  always 
be  expected  to  break  open  again  if  it  skins  over  superficially  without  dimpling. 

A  fistula  may  difter  in  no  respect  from  a  sinus  when  its  length  is  consider- 
able, as  m  many  anal  and  urethral  fistula,  but  when  it  forms  merely  a  short 
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commnnicatino;  channel  between  two  cavities,  as  between  the  rectum  and 
vagina,  or  between  the  surface  and  a  cavity  or  duct,  as  in  a  tracheal  or 
salivary  fistula,  the  granulations  may  become  completely  covered  by  epithelium 
continuous  with  that  on  each  side,  and  no  cure  is  possible  till  this  has  been  cut 
away  or  destroyed. 

The  Treatment  of  a  sinus  or  fistula  has  reference  to  its  cause  in  the  first 
instance  ;  for,  until  the  foreign  body  or  the  insufficient  drainage  that  keeps  it 
open  and  maintains  the  discharge  has  been  removed,  it  will  be  useless  to 
attempt  its  closure.  After  the  removal  of  the  obstacle  to  healing,  we  may 
endeavour  to  procure  obliteration  of  the  sinus  by  one  of  three  methods. 

1.  Pressure,  by  means  of  a  roller  and  graduated  compress,  so  as  to  cause 
adhesion  of  its  opposite  sides,  is  useful  in  those  cases  in  Avhich  the  sinus  is 
recent,  without  much  suiTOunding  induration,  and  so  situated,  as  upon  the 
trunk,  that  pressure  can  easily  be  applied. 

2.  A  more  healthy  condition  may  often  be  produced  in  the  sinus  by  inject- 
ing it  from  time  to  time  with  "  red-wash,"  or  with  tincture  of  iodine,  by  the 
introduction  of  iodoform  in  crystals  by  means  of  a  catheter  or  by  soluble 
bougies  such  as  are  used  in  the  treatment  of  gonorrhoea  ;  by  passing  a  probe 
coated  with  nitrate  of  silver  to  the  bottom  ;  by  passing  the  threads  of  a  seton 
or  a  drainage-tube  through  it. 

8.  Scraping  aircuj  the  callous  and  imperfectly  granulating  sides  of  the  sinus  by 
means  -of  a  small  shai*p  spoon  (Fig.  95),  or  destroying  them  by  means  of  a  red- 
hot  wire  or  the  thermo-cautery,  is  a  very  efficacious  means  of  setting  up  a  new 
and  healthier  action  in  the  part,  and  so  briuging  about  a  closure  of  the  canal. 
The  galvanic  cautery  will  often  be  found  most  convenient,  as  the  wire  can  be 
introduced  cold  and  heated  in  situ,  and  the  danger  of  wandering  from  the 
track  of  the  sinus  is  thus  avoided. 

4.  The  last  method  consists  in  laying  open  the  sinus  fi'om  end  to  end,  and 
then  dressing  the  wound  so  that  it  may  heal  from  the  bottom ;  in  this  way 
neighbouring  muscles,  that  have  kept  it  open  by  their  contractions,  may  also 
be  set  at  rest.  The  division  of  the  sinus  should  be  made  with  a  probe-pointed 
bistoury,  introduced  through  the  external  opening  either  by  the  aid  of  a  director 
or  without  such  assistance.  The  operation  should  be  done  eft'ectually,  the  sinus 
being  followed  as  far  as  is  prudent,  and  laid  open  as  completely  as  possible. 
Some  fistulfB,  as  the  fistula  in  ano,  require  similar  treatment,  and  may  be 
successfully  and  almost  painlessly  opened  up  by  the  slow  action  of  the  elastir 
ligature.  A  thin  cord  of  vulcanised  india-rubber  lieing  drawn  through  and 
tied  tightly,  ulcerates  in  a  few  days  through  the  soft  parts  covering  the  track 
of  the  fistula.  This  plan  is  useful  in  cases  in  which  haemorrhage  is  appre- 
hended or  the  patient  dreads  the  knife. 

5.  ristula3  which  are  lined  by  a  complete  epithelial  covering,  as  many 
vesico-vaginul,  recto-vaginal/  and  recto- vesical,  can  l)e  cured  only  by  destroy- 
ing this,  either  by  cutting  or  scraping  it  away  or  by  cauterisation.  Many 
such  fistulas  require  plastic  operations  for  their  cure. 
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ULCERATION. 

By  Ulceration  is  meant  a  proo'rcssive  destruction  of  the  tissues,  in  which 
the  solid  parts  seem  to  melt  awaj  into  a  liquid  discharge  without  the  separa- 
tion of  visible  portions  of  dead  tissue.    The  meaning  of  the  term  will  be  made  *l 
more  clear  by  a  few  examples.    If  a  jiiece  of  skin  be  killed  in  any  way,  as  by 
the  application  of  some  caustic,  or  by  mechanical  violence,  there  is  at  first  no  • 
solution  of  continuity,  the  dead  tissue  is  everywhere  continuous  with  the  ■ 
living :  but  within  a  few  hours  the  phenomena  of  inflanunation  manifest  them-  -1 
selves  in  the  surrounding  living  tissues,  thus  imperfectly  marking  out  the 
limits  of  the  part  that  is  kihed.    By  about  the  second  or  third  day  the  line  •  \ 
between  the  dead  and  living  becomes  more  clearly  defined,  the  cuticle  at  the 
margin  of  the  living  part  becomes  loose,  and  is  raised  by  fluid  beneath  it,  and 
at  last  comes  away,  exposing  a  narrow  raw  surface  discharging  pus  ;  the  liviwg 
tissues  which  lie  in  immediate  contact  with  the  dead,  then  seem  gradually  to 
melt  away  into  the  pm'ulent  discharge  till  a  complete  solution  of  continuity  is  ;  i 
established,  the  dead  part,  or,  as  it  is  called,  "the  slough,"  being  completely  ■ 
loosened  and  cast  off.    This  process,  by  which  a  slougli  is  se])arated  from  the  ■ 
parts  beneath,  takes  place  entirely  at  the  expense  of  the  living  tissues  ;  it  is 
spoken  of  as  ulceration,  and  the  sore  left  is  called  a  simj)le  vice):  .  ) 

The  effects  produced  by  the  inoculation  of  the  poison  of  a  soft  chancre  form 
another  excellent  example  of  ulceration.    Within  twenty-four  hours  of  the  ■ 
inoculation  a  small  inflamed  spot  appears,  with  redness,  swelling  and  itching  :  : 
by  the  third  day  the  cuticle  is  raised  by  a  di'op  of  pus  ;  when  the  thin  . 
epidermic  covering  is  removed  a  small  red  sore  is  seen,  from  which  pus  exudes :  • 
this  slowly  extends  day  by  day,  the  discharge  being  purulent,  and  at  no  time 
do  any  visible  portions  of  dead  tissue  come  away  with  it  ;  round  the  sore  the 
tissues  sho\\-  the  ordinary  signs  of  inflammation.    Such  a  sore  would  be  called 
a  specipc  ulcer,  the  irritant  which  causes  the  inflammation  and  destruction  of 
the  tissues  being  a  specific  poison.  j 

A  third  form  of  ulceration,  diflering  essentially  from  the  two  precediug,  is 
seen  in  the  later  stages  of  the  growth  of  malignant  tumours.  Thus  an 
epithelial  cancer  commences  as  a  small  hard  growth,  which  infiltrates  the 
surrounding  tissues.  By  the  pressure  of  the  growth  which  forces  its  way  into 
the  interstices  of  tlie  structures  which  it  is  invading,  the  original  tissues 
become  absorbed,  and  the  cancer-tissue  comes  to  occupy  their  place.  When 
the  growth  reaches  a  certain  size  its  central  parts  degenerate,  soften  and  break 
down,  and  a  loss  f»f  substance  takes  place.  As  the  disease  progresses  more  and 
more  of  the  surrounding  tissue  becomes  invaded  and  destroyed  by  the  cancerous 
gTowth,  which  in  its  turn  breaks  down  and  melts  away  superficially.  Thus 
the  most  extensive  destruction  may  take  place.  This  process  is  described  as 
ulceration,  although  here  there  may  be  no  true  inflammation,  and  the  rcsultin"' 
sore  is  called  a  camerous  or  malignant  ulcer.  ^ 
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All  these  forms  of  ulceration  have  oue  feature  in  common  ;  the  original 
tissues  are  first  infiltrated  and  pressed  upon  by  cells  foreign  to  the  part,  which 
destroy  them  and  occupy  their  place  ;  then  in  their  turn  the  new  cells  perish, 
and  are  tin-own  oft'  superficially  with  a  fluid  discharge,  and  tlius  a  progressive 
destruction  of  tissue  takes  place.  In  the  first  two  examples  the  invading  cells 
ai-e  the  white  blood  corpuscles  which  have  migrated  from  the  vessels,  and  in 
the  last  they  are  the  special  cells  of  the  cancerous  growth. 

In  the  present  chapter  we  have  to  deal  only  with  ulceration  as  it  occurs  as 
a  part  of  the  process  of  inflannnation. 

An  ulcer  passes  through  two  stages,  viz.,  1 .  Extension ;  and  2.  Eepair.  To 
the  former  of  these  only  is  the  term  "  ulceration  "  applied. 

Pathology. — The  process  of  ulceration  when  dependent  on  inflammation 
hardly  needs  a  detailed  description,  as  it  ditters  in  no  essential  feature  from 
that  already  described  as  takiug  place  in  the  formation  of  an  abscess,  the  only 
variation  being  that  in  the  latter  case  the  formation  of  pus  and  destruction  of 
tissue  take  place  in  a  closed  space,  while  in  the  former  it  occurs  upon  a 
surface.  The  separation  of  a  dead  piece  of  tissue  from  the  surrounding  living 
parts  is  thus  accomphshed.  The  tissue  immediately  in  contact  with  that 
which  is  dead  must  necessarily  ha^'e  suffered  to  some  extent  from  the  injury 
which  has  caused  the  mischief,  and  its  vitality  thus  being  lowered,  the 
phenomena  of  inflammation  are  manifested  in  it  with  an  intensity  corre- 
sponding to  the  degree  of  damage,  and  consequently  diminishing  as  we  recede 
from  the  parts  that  have  been  actually  killed.  Where  the  living  tissues  touch 
the  dead  the  condition  of  stasis  will  be  reached,  and  those  vessels  which  pass 
from  the  dead  to  the  living  tissue  will  become  plugged  with  clots  extending  as 
far  as  the  next  branch  in  the  living  parts.  Beyond  the  area  of  stasis  we 
should  find  that  of  retarded  flow,  accumulation  of  white  corpuscles,  and 
migi'ation  ;  and,  beyond  this  again,  that  of  simple  dilatation  with  increased 
rapidity  of  flow  or  fluxiou.  The  width  of  the  area  in  which  these 
inflammatory  phenomena  take  place  varies  greatly.  It  may  be  nierely 
microscoj)ic,  as  in  the  sepai-ation  of  a  piece  of  dead  tissue  which  has  been 
prevented  from  decomposing  by  antiseptic  treatment,  or  it  may  extend  for 
half  an  inch  or  more.  Occasionally  these  vascular  conditions  can  be  recog- 
nised clinically  by  the  effect  produced  by  the  pressure  of  the  finger  ;  in  the 
area  of  fluxion  it  is  scarcely  possible  to  remove  the  finger  before  the  brilliant 
red  colour  has  returned  ;  in  that  of  retarded  flow  a  second  or  more  may  elapse 
before  the  pale  mark  made  by  the  finger  has  regained  its  red  colour,  and  the 
tint  in  this  area  is  a  more  dusky  red  than  in  that  of  fluxion  ;  sometimes  small 
red  dots  may  be  noticed  in  the  pale  patch  formed  by  the  pressure  of  the  finger, 
indicating  points  at  which  some  red  corpuscles  have  escaped  ft'om  the  distended 
vessels.  Lastly,  close  to  the  dead  tissue  may  be  seen  a  dark-red  line  unaltered 
by  pressure,  indicating  the  area  of  stasis  and  thrombosis,  in  which  also  many 
red  corpuscles  have  escaped  from  the  damaged  vessels.  From  the  ^•essels  in 
the  stage  of  retarded  flow  abundant  exudation  of  blood-j)lasma  and  migi-ation 
of  the  corpuscles  take  place.  The  wandering  cells  move  in  great  numbers 
into  the  passive  layer  of  tissue  touching  the  dead  part,  and  by  their  pressure 
destroy  such  remains  of  vitality  as  may  be  left ;  the  original  tissue  softens 
and  disintegrates,  its  place  becomes  occupied  by  closely-packed  crowds  of 
leucocytes  ;  the  leucocytes  in  contact  with  the  irritating  dead  tissue  in  their 
turn  degenerate,  and  becoming  granular  and  losing  their  adhesion,  are  separated 


256 


ULCERATION. 


from  each  other  by  the  serous  exudation  fi-om  the  neighbouring  vessels,  and  i 
thus  pus  is  formed  and  the  process  of  separation  is  completed.    When  this  has  • 
taken  place  a  surface  is  left  covered  superficially  by  a  uniform  layer  of  closely 
packed  cells  derived  from  the  white  corpuscles  which  have  migrated  from  tlie 
vessels.    Such  a,  surface  is  a  simple  ulcer.    The  dead  tissue  which  acted  as  a 
foreign  l)ody  being  removed,  if  no  further  source  of  irritation  be  present,  the 
surrounding  tissues  recover  from  their  impaired  ^^tality,  the  inflammation 
subsides,  migration  ceases,  and  the  process  of  repair  commences.   This  process  ; 
will  be  described  in  the  next  chapter  with  repair  in  general. 

Ulceration,  as  it  occurs  from  the  inoculation  of  a  specific  poison,  as  in  the  • 
example  of  the  soft  chancre  before  given,  diifers  in  no  respect  from  that  just 
described,  except  that  at  no  time  is  there  a  visible  piece  of  dead  tissue  cast  off, . 
and  that  the  irritant  which  causes  the  process  is  developed  persistently  in  the  • 
discharges,  and,  unless  it  be  in  some  way  destroyed,  may  continue  to  maintain  . 
the  destructive  process  almost  indefinitely.  It  is  evident  that  if  the  irritating  ; 
virus  developed  in  the  sore  is  of  sufficient  intensity,  it  may  cause  death  of  the  • 
tissues  before  the  process  of  absorption  of  the  original  structures  and  substitu-  • 
tion  of  a  mass  of  leucocytes  for  them,  has  had  time  to  be  completed.  It  is  : 
under  these  circumstances  that  ulceration  merges  into  spreading  gangrene,  the  • 
tissues  no  longer  appearing  to  melt  away  in  the  liquid  discharges,  but  remain-  • 
ing  as  a  soft,  partially  disintegrated  slough  on  the  surface  of  the  sore. 

The  process  of  formation  of  an  ulcer  in  skin  which  has  long  suffered  from  ; 
chronic  inflammation  has  been  Avell  described  by  Billroth.    "  Let  us  suppose,"  ' 
he  says,  "  that  we  have  a  chronic  inflammation  of  the  skin  of  the  leg,  say  on 
the  anterior  surfiice  of  its  lower  third.    The  skin  is  traversed  by  dilated  . 
vessels,  hence  it  is  redder  than  normal ;  it  is  swollen,  partly  from  serous,  , 
partly  from  plastic  infiltration :  and  it  is  sensitive  to  pressure.  Wandering 
cells  are  infiltrated,  especially  in  the  superficial  parts  of  the  cutis :  this  renders  . 
the  papillre  longer  and  more  succulent  ;  the  development  of  the  cells  of  the  • 
rete  Malpighii  also  becomes  more  plentiful,  and  its  superficial  layers  do  not  . 
pass  into  the  normal  horny  state  ;  the  connective  tissue  of  the  papillary  layer  ■ 
is  softer,  and  becomes  partly  gelatinous.    Now,  slight  friction  at  any  point  . 
suffices  to  remove  the  soft,  thin,  horny  layer  of  the  epidermis.    This  exposes  . 
the  cell-layer  of  the  rete  Malpighii  ;  new  irritation  is  set  up,  and  the  result  is  ; 
a  suppurating  surface,  whose  upper  layer  consists  of  wandering  cells,  the  lower  • 
of  greatly  degenerated  and  enlarged  cutaneous  papilUi3.    If  at  this  stage  the 
part  were  kept  at  perfect  rest,  and  protected  fi-om  further  irritation,  the  epi- 
dermis would  be  gradually  regenerated,  and  the  still  superficial  ulcer  would 
cicatrize.    But  usually  the  slight  superficial  wound  is  too  little  noticed,  it  is 
exposed  to  new  irritations  of  various  kinds  ;  there  are  suppuration  and  mole-  • 
cular  destruction  of  the  exposed  inflamed  tissue,  then  of  the  papilla3,  and  the 
result  is  a  loss  of  substance  which  gradually  grows  deeper  and  wider  :  the  ulcer 
is  fully  formed." 

Causes. — The  rondif Ions  ('ssential  to  ulceration  ?ive — 1.  An  irritant  actino- 
on  a  limited  portion  of  the  living  tissues  with  sufficient  intensity  to  cause  the  ■ 
stage  of  retarded  flow  in  the  vessels  with  abundant  migration  of  the  white 
corpuscles,  culminating  in  stasis  and  death  in  the  parts  mostly  directly  acted 
on,    2.  A  persistent  action  of  the  irritant  for  a  sufficient  time. 

We  have  before  seen,  in  the  Chapter  on  Inflammation  and  Suppuration, 
that  the  effect  produced  on  a  living  tissue  by  an  irritant  depends  partly  on  the 
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intensity  of  the  irritant  itself,  and  partly  on  the  power  of  resistance  of  the 
ti?.snes,  or,  in  other  words,  their  degree  of  vitahty.  Conseqnently,  the  causes 
of  ulceration,  like  those  of  inflannnation  in  general,  are  divided  into  Pre- 
disposing, or  those  which  render  the  tissues  liable  to  suffer  severely  from 
injurious  influences  by  impairing  their  vitality;  and  Exciting,  or,  in  other 
words,  the  injurious  influences  themselves. 

Predisposing  Cause.— Everything  that  acts  as  a  predisposing  cause  of 
inflannnation  is  also  a  predisposing  cause  of  ulceration  (see  page  1  oU),  and  the 
following  may  be  mentioned  as  amongst  the  most  important.  They  are 
chiefly  conditions  that  interfere  in  some  way  with  the  nutrition  of  a  part.  A 
feeble  circulation,  such  as  often  exists  in  the  lower  limbs,  in  tlie  alai  of  the 
nose,  and  in  new-ly  formed  or  recently  cicatrized  tissues,  predisposes  to  the 
formation  of  ulcers.  As  age  advances,  nutrition  becomes  impaired  and  the 
circulation  less  active,  and  slight  causes  suffice  to  lead  to  disintegration  of  the 
structure  of  a  part.  Hence  we  connnonly  see  ulcers  of  the  legs  in  elderly 
people,  more  particularly  amongst  the  poorer  classes,  arising  from  slight  irrita- 
tion or  pressure.  Parts  cut  off  from  connection  with  a  healthy  nerve-centre 
ulcerate  readily,  as  the  nates  in  paraplegia. 

Tissues  that  have  been  passively  congested  for  a  long  time  are  apt  to  inflame 
under  the  influence  of  some  trifling  exciting  cause,  and  to  run  rapidly  into 
ulceration.  This  usually  connnences  in  the  centre  of  the  part,  where  the 
nutrition  is  lowest ;  here  a  small  sore  forms,  which  exudes  thin  unhealthy 
pus,  and  rapidly  extends.  So  long  as  the  sore  is  inflamed,  it  continues  to 
spread,  and  reparation  cannot  take  place.  In  some  cases  in  which,  from  the 
above  causes,  the  vitality  has  been  greatly  lowered,  the  exciting  cause  which  is 
sufficient  to  give  rise  to  ulceration  may  be  so  slight  as  to  escape  detection. 
This  is  esiDCcially  marked  in  scrofula,  scurvy-,  and  syphilis.  In  some  forms  of 
scrofulous  and  syphilitic  ulceration  the.  process  resembles  in  many  respects 
that  of  malignant  ulceration — the  chronic,  inflammatory  products  first  forming 
a  solid  mass  of  very  sIoav  growth,  almost  like  a  tumour,  which  ultimately 
degenerates  and  softens  in  the  centre,  and  is  discharged  superficially,  leaving 
a  raw^  surface,  wliich  slowly  spreads  by  ulceration.  Tubercular  ulceration 
follows  much  the  same  course.  These  form  a  connecting  link  between 
simple  inflammatory  ulceration,  and  ulceration  from  malignant  gro"\vths. 

Exciting  Causes. — The  direct  exciting  causes  of  ulceration  act  chiefly  on 
the  skin  and  mucou.-'  membranes,  and  are  very  various  in  character  : — 

1.  The  most  rapidly  spreadiug  forms  of  ulceration  arise  from  specific  uifec- 
tive  poisons,  as  in  phageda3nic  ulcers,  hospital  gangrene,  soft  chancre,  the  sore 
throat  of  scarlet  fever,  and  in  many  syphilitic  idcerations.  j\Iost  of  these,  at 
the  same  time,  cause  acute  inflammation,  extending  to  some  distance  beyond 
the  area  in  which  destruction  of  the  tissues  is  visibly  taking  place.  In  sucli 
cases  the  action  of  the  irritant  may  be  so  acute,  and  the  destruction  of  the 
tissues  so  rapid,  that  the  migratory  cells  may  not  have  completely  displaced 
the  original  structures  before  disintegration  occurs.  Microscopic  shreds  of  the 
spoilt  tissues  are  then  to  be  found  in  the  pus,  which  contains  fewer  genuine  pus- 
cells  and  assumes  often  the  form  of  a  dirty  brownish  fluid,  discoloured  by  the 
broken  up  red  corpuscles  from  the  disintegrating  layer  of  tissue.  When  the 
irritant  is  more  potent  still,  and  penetrates  into  the  surrounding  parts,  destroy- 
ing them  rapidly  before  any  extensive  nn"gration  has  had  time  to  take  place, 
layers  of  disorganised  tissue  constituting  "sloughs"  are  formed,  wliich  coni- 
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pletclv  cover  the  surface,  and  tlie discharge  maybe  merely  serous  fluid,  scarcely 
turbid  with  cells.    Tlie  whole  process  thus  merges  into  gangrene.    No  sharp 
Hue  can  be  drawn  between  spreading  gangrenous  inflammation  and  ulceration,  , 
and  we  call  the  intermediate  conditions  by  such  names  as  sloughing,  gangrenous  • 
or  phagedenic  ulceration. 

2.  In  parts  which  have  long  suffered  from  chronic  inflammation,  slight 
mechanical  and  chemical  causes  give  rise  to  ulceration. 

3.  Ulceration  sometimes  commences  in  the  crypts,  or  follicles,  which  open 
on  nuicous  surfaces,  as  a  consequence  of  catarrhal  inflammation,  with  accumu-  ■ 
lation  of  secretion  within  their  cavities.    It  leads  to  the  formation  of  circular  • 
depressed  ulcers. 

4.  In  some  general  diseases,  accompanied  by  the  formation  of  vesicles  or  • 
pustules  on  the  cutaneous  surface,  ulcers  may  l)e  left  when  they  burst  and  dis-  • 
charge  their  contents,  as  in  small-pox,  pemphigus,  syphilitic  rupia,  and  occa-  • 
sionally  in  chicken-pox. 

T).  Any  injurious  influence,  whether  chemical  or  mechanical,  which  causes  < 
the  death  of  a  part,  necessitates  the  occurrence  of  ulceration  for  the  separation  i 
of  the  dead  tissue,  and  the  sore  so  left  is  an  ulcer.  Long-continued  pressure  is  5 
a  common  cause. 

G.  In  some  specific  cases,  as  before  stated,  ulceration  is  preceded  by  the  * 
formation  of  a  morbid  growth,  as  a  syphilitic  gumma,  tubercle,  or  a  malignant : 
tumour. 

Situation. — Ulcers  may  be  situated  upon  any  part  of  the  cutaneous  surface  ■ 
as  the  result  of  loss  of  substance  from  wound  or  other  injury.  Hyphilitic  or* 
strumous  ulcers  may  appear  on  almost  any  part  of  either  the  skin  or  the' 
mucous  membranes,  but  they  most  frequently  occur  in  particular  situations  as  > 
on  the  penis,  lips,  tongue,  or  rectum.  Of  all  forms,  however,  perhaps  the  most : 
common  Avith  Avhich  we  have  to  deal,  is  the  simple  ulcer  of  the  leg,  so  common  i 
in  hospital  out-patients'  rooms,  and  amongst  the  poorer  classes  generally.  The  • 
lower  half  of  the  leg  is  the  usual  seat  of  these  simple  ulcers,  the  skin  of  thafct 
part  being  much  ex])osed  to  mechanical  violence,  and  very  prone  to  congestion, , 
from  position,  from  varicose  veins,  and  from  its  great  distance  from  the  centre  ■ 
of  circulation.  In  advanced  life,  moreover,  degenerative  changes  in  the? 
arteries  of  the  leg  obstructing  the  flow  of  blood  are  very  common.  Ulcers 
that  once  form  here  are  slow  in  healing,  and  \qvj  liable  to  recur,  because  the.' 
conditions  that  led  to  their  formation  may  still  exist ;  also  there  is  often  but  a-i 
very  thin  layer  of  subcutaneous  fat  between  the  skin  and  the  tibia,  and, . 
consequently,  there  is  a  great  tendency  for  the  under  surface  of  the  scar  to 
adhere  to  the  bone. 

General  Treatment  of  Ulceratfon. — In  the  Local  Treatment  of 

ulceration,  the  Surgeon  must  be  guided  l)y  the  special  conditions  presented  byv 
the  ulcer,  which  will  be  described  presently  ;  but  there  are  some  points  which 
demand  attention  in  all  cases.    1.  Every  source  of  irritation  which  could 
cause  inflammation,  or  maintain  it  if  present,  nnist  be  carefully  removed  ;  for. 
while  inflammation  is  present  no  proper  reparative  action  can  go  on.  Thus,> 
]f  the  ulceration  be  due  to  the  presence  of  a  specific  poison,  as  in  the  case  of  a: 
soft  chancre,  this  nnist  l)e  destroyed  by  antiseptic  or  caustic  applications.  In 
simple  sores  the  surface  nmst  be  preserved  from  fiiction,  the  part  nmst  be  kept 
at  rest,  and  the  decomposition  of  the  discharges  must  be  prevented  by  ]->roper 
applications.    2.  The  circulation  must  be  maintained  in  a  normal  state,  both 
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cono-cstioii  aiul  local  iina;inia  being-  o-nm-ded  ao-ainst  ;  as,  without  a  normal 
supply  and  a  sufficiently  rapid  change  of  blood,  the  growth  of  the  reparati\-e 
tissue  cannot  take  ])lace.  Constriction  by  excessively  tight  dressings  must 
therefore  be  avoided,  and  the  part  must  be  placed  in  such  a  position  as 
will  favour  the  return  of  blood  from  it.  Proper  local  applications  adapted 
to  the  nature  of  the  case  must  bo  employed,  conjoined  with  uniform  pressure, 
to  support  the  dilated  and  weakened  ^■essels  of  the  part. 

The  Constitutional  Treatment  must  be  carefully  attended  to.  Unless 
this  be  done,  the  best  regulated  local  plan  may  be  employed  in  vain.  Attention 
to  the  digestive  organs,  and  improvement  of  the  constitution,  if  it  be  strumous 
or  syi)hilitic,  Avill  do  more  in  these  cases  than  any  other  means  can  accomplish. 
The  nutrition  of  the  patient  requires  due  care. 

VABIOUS  FORMS  OF  ULCER. 

When  ulcers  occur  in  the  skin,  as  the  result  of  non-specific  disease,  they 
may  be  arranged  under  the  following  heads  :  the  Healthy  ;  the  AVeak  ;  the 
Indolent ;  the  Irritable  ;  the  Inflamed  ;  the  Phagcdrenic  or  Sloughing  ;  the 
Varicose  ;  and  the  H^emorrhagic.  Besides  these  varieties,  each  of  which  is 
marked  by  distinct  characteristics,  various  other  forms  of  ulceration  depending- 
on  specific  causes,  as  the  Syphilitic,  Scrofulous,  Lupoid,  Cancerous,  &c.,  are 
met  with  ;  all  of  which  will  be  treated  of  under  their  respective  Chapters. 

The  varieties  presented  by  ulcers  are  l)y  no  means  dependent  on  local  con- 
ditions merely,  though  these  influence  them  greatly,  but  are  in  a  great  measure 
owing  to  constitutional  causes.  Indeed,  the  aspect  of  the  ulcer,  and  the 
character  of  its  granulations  and  of  its  discharge,  are  excellent  indications  of 
the  state  of  health  and  of  the  general  condition  of  the  patient,  as  well  as  of 
the  local  disease. 

In  studying  an  ulcer  clinically,  we  have  to  pay  attention  to  the  following 
points  :  1.  The  surrounding  skin.  2.  The  edges  of  the  sore.  ,3.  The  surface 
of  the  sore.  4.  The  base  of  the  sore.  5.  The  nature  of  the  discharge  ;  and 
tJ.  Pain  and  tenderness. 

The  Healthy  Granulating  Sore. — This  may  be  considered  the  type  of 
the  disease.  The  sKrfoundliuj  skin  is  free  from  oedema  ;  there  is  no  change 
in  it  beyond  slight  hyperojmia  close  to  the  margin  of  the  sore  ;  the  edges  are 
regular-  in  outline,  shelve  gradually  down  to  the  surface  of  the  sore,  and  are 
marked  by  three  zones  of  colour,  an  outer  opaque  white,  a  middle  opalescent 
blue,  and  an  inner  dark  red,  as  described  in  the  (Chapter  on  Ilepair.  The  surface 
is  slightly  depressed,  and  thickly  studded  with  florid  red  granulations,  firm  in 
structure  and  uniform  in  size,  each  being  about  as  large  as  half  a  mustard 
seed.  The  lase  of  the  sore  is  soft,  and  not  adherent  to  deep-seated  structures, 
as  boiies  or  ftiscia).  The  discharge  wall,  under  ordinary  circumstances,  be 
thick,  creamy,  laudable  pus  ;  but  by  carefully  excluding  every  source  of 
irritation,  it  mav  be  made  to  assume  a  more  or  less  serous  character.  There 
is  absolutely  no  Fain  ar  Tenderness.  It  is  the  object  of  our  treatment  in  all 
cases  to  bring  the  other  forms  of  ulcer  into  this  condition. 

Treatment— In  the  management  of  the  healthy  granulating  sore,  the 
treatment  should  be  as  simple  as  possible  ;  water-dressing  and  the  jircssure  of 
a  bandage'^ usually  enabling  it  to  cicatrize.  If  simple  water-dressing  be 
employed,  it  must  be  changed  three  times  a  day,  otherwise  it  will  become 
offensive  from  putrefaction.    AVater-ckessing  is  thus  applied  :  a  piece  of  lint 
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exactly  the  size  of  tlic  sore  is  moistened  with  water,  and  put  on  the  surface  ; 
over  this  must  be  iilaced  a  piece  of  oiled  silk  or  thin  gutta-percha  tissue,  over- 
lapping the  lint  in  all  directions  for  abont  one-eighth  of  an  inch.    If  the 
smallest  corner  of  the  lint  projects  beyond  the  oiled  silk  and  comes  in  contact 
with  the  bandage,  the  dressing  will  speedily  become  dry  and  stick  to  the  sore. 
In  order  that  initrefactiou  of  the  discharges  may  he  prevented,  a  point  of 
A'ery  great  importance  where  many  wounded  are  crowded  together,  some  anti- 
septic should  be  mixed  with  the  water  in  which  the  hnt  is  soaked.  Perhaps 
the  best  of  all  antiseptics  for  this  ])urpose  is  boracic  acid,  which  should  be 
used  as  a  concenti'ated  solution  (p.  1!)4).    Carbolic  acid  solution  (2  per  cent.) 
has  the  great  disadvantages  of  being  irritating  when  first  applied,  and  as  the 
acid  becomes  volatilised  by  the  heat  of  the  body  it  soon  becomes  inefficient. 
Boracic  acid  lint,  wetted  witli  tlie  lotion,  may  be  ap[)lied  to  foul  sores  in  the 
same  way  as  ordinary  wet  dressing  ;  ^vllen  the  sore  becomes  perfectly  healthy  and 
fi-ee  from  decomposition,  its  surface  may  be  protected  from  the  direct  action 
of  the  antiseptic  l)y  covering  it  with  the  protective  green  oiled  silk  dipped  in 
the  lotion  before  being  applied  ;  over  this  tlie  boracic  acid  lint  may  be  placed 
either  wet  or  dry  to  absorb  the  discharge.    Another  excellent  application  to  a 
healthy  nicer  is  the  boracic  acid  ointment  spread  on  thin  muslin,  the  whole 
behig  dipped  in  the  lotion  to  make  it  apply  itself  smoothly  before  being  put 
on  the  sore  ;  over  this  may  be  placed  a  pad  of  salicyhc  silk  or  wool  to  catch 
the  discharge,  and  the  whole  secured  by  a  bandage.    Boracic  acid  is  a  some- 
what feeble  antiseptic,  and  mnst  be  changed  at  least  once  a  day.    If,  from 
any  reason,  it  may  be  considered  desirable  to  dress  the  sore  less  frequently,  a 
more  lasting  dressing  may  thns  be  .a]ii)lied  :  wash  the  sore  and  the  surronnding 
skin  well  with  a  solution  of  carbolic  acid  (1  in  40)  :  pnt  on  a  piece  of  the  pro- 
tective green  oiled  silk,  completely  co-vering  the  raw  surface,  and  then  a]iply 
the  carbolic  gauze  dressing,  as  described  in  the  treatment  of  abscess  (p.  247), 
If  economy  be  of  consequence,  one  layer  of  gauze  may  be  applied  to  keep  the 
leg  clean,  over  this  may  be  placed  a  thick  pad  of  carded  oakum,  and  the  Avholc 
covered  by  a  common  bandage.    If  the  carbolic  acid  gauze  irritate  the  skin,  its 
place  may  be  taken  by  eucalyptus  gauze,  or  when  cheapness  is  of  less  con- 
sequence, the  part  may  be  enveloped  in  a  sheet  of  iodoform  wool.    By  any  of 
these  modes  of  antiseptic  treatment  it  is  possible  to  get  the  ulcer  in  so  clean  a 
state,  and  so  far  to  diminish  its  discharge  that  it  shall  not  be  necessary  to 
change  the  dressing  more  than  once  a  week.    It  will  be  observed  that'^the 
object  of  these  modes  of  dressing  is  to  protect  the  sore  from  every  possible 
source  of  irritation,  including  not  oidy  the  acrid  products  of  putrefaction,  but 
also  the  antiseptic  agent  which  is  employed  to  prevent  decomposition.  Some- 
times, however,  as  has  already  been  stated,  the  healing  process  is  retarded  or 
arrested  in  consequence  of  the  extent  of  the  ulcer.    In  such  cases,  the  trans- 
plantation of  cuticle  will,  by  affording  centres  of  cicatrization,  expedite  the  cure. 

Whatever  mode  of  treatment  be  adopted,  if  the  ulcer  be  on  the  leo-  rest  in 
bed  with  elevation  of  the  limb  has  more  influence  than  any  other  condition  in 
hastening  the  cure. 

Transplantation  of  Cuticle.— It  has  long  been  known  to  Physiologists  and 
to  Surgeons,  tliat  portions  of  the  tegumentary  structures,  when  completely 
detached  and  transplanted  to  other  parts  of  the  surface  of  the  bodv,  occa- 
sionally retain  their  vitality,  and  grow  where  they  have  been  inserted 

The  experiments  of  John  Hmiter  on  the  transplantation  of  teeth,  and  of  the 
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cock's  spur,  tl\c  experiments  of  Abernethy  on  tlic  same  sn))ject,  the  adherence 
and  contniued  gTuwch  of  a  freshly  separated  portion  of  the  nose  or  chin,  the 
transplantation,  by  Bnenger,  of  a  piece  of  the  skin  of  the  thi<;-h  on  to  the  face 
for  the  formation  of  a  new  nose,  and  the  observation  of  Walther  that  the 
button  of  bone  removed  by  a  tre])hine,  if  re-inserted,  will  contract  adhesions 
again— all  prove  the  fact  that  fi-cshly  separated  parts,  if  immediately  re-applied 
to  a  raw  surface,  may  contract  adhesions  to  it.  But  it  was  reserved  for  Re- 
verdin  to  show  that  cuticle,  if  transplanted,  might  be  employed  as  an  agent  in 
the  cicatrization  of  granulating  surfaces.  This  observation  was  as  interesting 
in  its  scientific  aspect,  as  it  was  full  of  pronnse  in  its  a]iplication  to  plastic 
surgery  ;  and  it  has  been  found  of  great  in  facilitating  the  healing  of 

large  ulcerated  surtiices. 

The  growth  of  new  epithelium  over  the  surface  of  a  sore  takes  place  from 
the  epithelial  cells  at  its  margin  ;  and  Reverdin  showed  that  by  planting  small 
islets  of  freshly  separated  cuticle  on  the  granulating  surface,  each  can  be  made 
to  form  a  centre  for  the  development  of  new  epithelium,  which,  spreading  in  all 
directions,  coalesces  with  that  growing  ft-om  the  surrounding  skin,  and  thus 
covers  the  sore  rapidly  with  a  new  cuticle.  The  covering  of  the  surface  with 
epithelium  is,  however,  only  a  part  of  the  process  of  cicatrization,  the  contrac- 
tion of  the  granulation-tissue  and  its  development  into  fibrous  tissue  forming 
an  equally  essential  process.  The  hopes  that  were  entertained  at  one  time, 
that  by  the  grafting  of  cuticle  the  contraction  of  the  scar,  Avhich  causes  such 
extensive  deformity  in  the  case  of 'large  burns,  could  be  prevented,  have  been 
but  imperfectly  realised.  The  process '  of  grafting,  in  fact,  in  many  cases 
amounts  to  little  more  than  dressing  the  sore  with  cuticle,  if  such  an  expres- 
sion may  be  allowed,  the  new  epithelium  cells  growing  over  the  surface 
long  l)efore  the  development  of  the  fibrous  tissue  of  the  scar  has  made  any 
appreciable  progress.  In  such  cases  the  cicatrix  formed  is  veiy  weak  and  apt 
to  break  down — much  more  readily  than  the  scar  produced  by  the  natural 
process  of  healing.  Moreover,  even  after  successful  grafting,  much  contrac- 
tion frequently  takes  place  as  the  gTanulation-tissue  becomes  completely 
developed  into  fibrous  tissue.  Still,  although  it  has  not  answered  the  some- 
what exaggerated  expectations  that  it  at  first  raised,  transplantation  of  cuticle 
is  of  great  use  in  pi'omoting  the  healing  of  large  sores  ;  and  probably, 
although  it  does  not  jn-event  the  subsequent  contraction,  does  in  some  cases 
lessen  its  amount. 

The  process  of  trans])lantation  of  cuticule  is  as  follows.  A  piece  of  skin  on 
some  sound  part  of  the  body — the  outside  of  the  arm,  for  instance — about  the 
size  of  an  oat  or  a  split  pea,  is  pinched  up  with  a  pair  of  forceps,  and  snipped 
off  with  curved  scissors.  The  whole  thickness  of  the  skin  need  not  be  sepa- 
rated, but  merely  the  cuticle  down  to  and  including  the  papillary  layer  of  the 
true  skin,  so  as  just  to  draw  blood.  The  o])eration,  when  properly  performed, 
is  almost  painless.  The  little  patch  of  separated  cuticle  is  now])laced,  with  the 
raw  side  downwards,  on  the  surfoce  of  the  ulcer,  covered  and  retained  in 
position  by  a  strip  of  isinglass  plaster.  It  is  left  undisturbed  for  about  four 
days,  at  the  end  of  which  time  it  will  be  found  to  be  adherent  ;  and  it 
speedily  becomes  the  centre  of  a  new  process,  which  spreads  in  a  gradually 
widening  circle,  until  it  fuses  itself  into  the  epithelial  growth  proceeding 
from  the  circumference  of  the  sore,  or  from  other  transplanted  islets ;  and  thus 
the  sm-face  is  rapidly  covered. 
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It  frequently  liappcns  tliafc  by  the  third  or  fourth  day  the  graft  has  entirely 
disappeared,  hut  becomes  again  recognizable  a  few  days  after.    This  is  due  to 
the  desquamation  of  the  oi)aque  corneous  layer  of  the  transplanted  cuticle  • 
leaving  only  the  thin  transparent  Malpighian  layer  behind  ;  the  re-appearance 
of  the  graft  takes  place  as  soon  as  sufhcient  new  epithelium  has  grown  to  be  ■ 
again  opaque. 

The  atlliesion  of  the  graft  is  very  greatly  facilitated  by  some  form  of  anti-  • 
septic  dressing.  Perhaps  the  best  is  as  follows:  if  the  sore  lie  not  aseptic- 
dress  it  every  four  hours  with  boracic  acid  lint  moistened  with  a  concentrated  . 
solution  of  boracic  acid.  In  about  forty-eight  hours  the  sore  will  be  abso-  • 
lutely  free  irom  any  septic  matter.  Then  ai)ply  the  grafts,  co^•ering  each  with  1 
a  piece  of  "  green  protective  "  oiled  silk,  and  dress  the  sore  with  a  thin  layer  • 
of  boracic  acid  ointment  spread  on  muslin  and  dipped  in  the  boracic  acid  i 
sohition  before  being  applied.  Over  this  again  must  be  placed  a  thick  layer  • 
of  iodoform  cotton  wool,  or  salicylic  wool  or  silk,  and  the  dressing  may  then  be  ■ 
left  undisturbed  for  four  days. 

For  the  success  of  this  little  operation,  it  is  necessary  that  the  granulating: 
surface  on  to  which  the  transplantation  is  made,  be  a  healthy  one  ;  that  it  be  • 
not  the  seat  of  specific  disease  of  any  kind  ;  and  that  the  process  of  cicatriza-- 
tion  have  commenced  at  its  edges.  The  piece  of  transplanted  skin  should  be..' 
tenderly  handled,  and  at  once  applied  and  retained  by  moderate  pressure.  In  1 
placing  it  in  its  new  position,  it  is  well  that  the  granulations  be  not  bruised,, 
so  as  to  be  made  to  bleed,  which  would  be  fatal  to  success.  It  is  better  to 
apply  several  small  grafts  of  skin  than  one  large  one  ;  each  new  graft  acting  as  ^ 
a  centre  for  the  growth  of  epithelium,  and  the  process  going  on  more  rapidly  ' 
from  several  small  centres  than  from  one  large  one. 

When  many  grafts  arc  required,  and  especially  if  the  patient  be  old  or " 
nervous,  it  may  be  convenient  to  obtain  some  from  another  person.    It  must . 
not  be  forgotten  that  syphilis  may  be  communicated  in  this  way  if  the  grafts  • 
are  taken  from  a  ]X'rson  suffering  from  that  disease  in  its  active  stage.   Dcubel  1 
records  a  case  in  which,  to  repair  great  loss  of  skin  from  gangrenous  erisypelas  in 
an  old  man,  grafts  were  taken  from  his  son.    The  treatment  was  apparently 
successful,  and  complete  healing  took  place,  but  soon  after  spreading  ulcere 
formed,  and  the  whole  scar  was  destroyed.   Roseola  appeared  ten  weeks  after  the 
first  graft  was  applied,  and  was  followed  by  mucous  tubercles  in  the  mouth. 
The  son  was  found  to  have  condylomata  about  the  anns,  and  had  suffered 
eighteen  months  before  from  a  hard  chancre. 

Weak  Ulcer,— This  most  commonly  occurs  fi'om  emollient  applications 
having  been  continued  too  long,  and  especially  from  the  application  of  poultices. 
It  differs  from  the  healthy  sore  only  in  the  odgcs  wanting  the  healing  line,  and 
in  the  surface  being  raised  above  the  surrounding  skin  and  co^-cred  by  Haljby 
granulations,  with  a  semi-transparent  apjiearance  about  them,  sometimes  rising 
in  large,  exuberant,  gelatinous,  reddish-looking  masses  above  the  surface  of  the 
sore.  These  high  granulations  have  a  feeble  vitality,  and  readily  slough. 
Popularly  they  are  spoken  of  as  "  Proud  flesh." 

The  Trealmoiit  of  this  form  of  ulcer  consists  in  keeping  the  ]iart  elevated 
and  carefully  bandaged,  and  applying  an  astringent  dressing  to  the  sore,  such 
as  the  "  red  wash,"  or  a  weak  solution  of  the  sulphate  of  copper.  Ked  wash 
is  prepared  according  to  the  following  formula  :— Sulphate  of  zinc,  sixteen 
grains ;  compound  tincture  of  lavender,  two  drachms  ;  water,  eight  ounces. 
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It  will  be  found  ii  most  useful  ;ip])lication.  The  granulations  may  also  Ijc 
touched  fi-om  time  to  time  with  nitrate  of  silver. 

Indolent  or  Callous  Ulcer. — This  is  always  very  chronic.  It  is  situated 
on  the  outer  side  of  the  lower  extremity,  between  the  ankle  and  calf,  and  most 
frequently  occurs  in  men  about  the  middle  period  of  life.  The  mrroundimj 
skin  is  cong-csted,  and  usually  presents  the  appearances  indicati\-c  of  long  con- 
tinued passive  hyperajmia,  being  frequently  darkly  pigmented  and  always 
indurated.  The  induration  affects  the  subcutaneous  areolar  tissue,  which  is 
solid  and  brawny,  and  firmly  fixed  to  the  subjacent  fascia,  or  in  some  cases 
even  to  the  bone.  There  is  a  total  loss  of  elasticity,  both  in  the  skin  and  sub- 
cutaneous tissue.  The  epidermis  is  often  scaly  and  desquamates  in  large 
flakes.  In  many  cases  the  cause  of  the  mischief  will  be  found  to  be  varicose 
veins,  which  have  given  rise  to  chronic  congestion  of  the  skin.  The  nlr/es  of 
the  sore  are  often  irregular ;  they  are  hard,  elevated  considerably  above  the 
surface  of  the  sore,  and  sink  abruptly  into  it.  The  surface  is  either  smooth 
and  covered  with  a  yellowish  layer,  or  irregular  and  formed  in  parts  of  pale, 
badly  formed,  feeble  granulations.  The  base  is  hard,  and  firmly  fixed  to  the 
subjacent  fascia  or  bone.  The  dischaiye  is  thin  and  sanious.  There  is  no 
pain  attending  this  ulcer,  and  its  surface,  which  often  attains  a  very  large  size, 
may  usually  be  touched  without  the  patient  feehng  it. 

It  is  always  slow  to  heal,  for  contraction  forms  an  essential  part  of  the 
healing  of  a  sore  ;  in  the  callous  ulcer  the  rigidity  of  the  surrounding  tissue 
renders  contraction  almost  impossible. 

Treafmmf. — The  pruiciple  of  treatment  here  is  to  soften  the  surrounding 
tissues  and  depress  the  edges  of  the  sore  by  promoting  absorption  of  chronic 
inflammatory  products  with  which  they  are  infiltrated.  When  this  is  accom- 
plished, contraction  becomes  possible,  and  healing  will  progress.  This  is  best 
effected  by  pressure. 

An  old  and  very  efficient  plan  of  treatment  is  as  follows.  The  treatment 
should  be  commenced  by  rubbing  the  surface  of  the  ulcer  and  the  surrounding 
congested  integument  with  nitrate  of  sih'er ;  a  linseed-meal  poultice,  or  better, 
three  or  four  layers  of  boracic  acid  lint  dipped  in  hot  solution  of  boracic  acid 
and  covered  with  oiled  silk  and  cotton  wool,  should  be  applied  and  changed 
every  four  hours.  After  twenty-four  hours  of  this  treatment  the  sore  should 
be  properly  strapped  on  the  plan  recommended  by  Baynton.  The  best  plaster 
for  this  purpose  is  the  emplaslrum  sajw/ris,  to  which  some  of  the  miji/asfrnm 
resiim  is  added  to  nuike  it  sufficiently  adhesive  ;  this,  spread  upon  calico, 
should  be  cut  into  stri[)s  sixteen  or  eighteen  inches  in  length,  and  about  an 
inch-and-a-half  in  width  ;  the  centre  of  the  strip  should  then  be  laid  smoothly 
on  the  side  of  the  limb  opposite  to  the  sore,  and  the  ends,  being  brought 
forward,  are  to  be  crossed  obliquely  over  it.  Strip  after  strip  must  be  applied 
in  this  way,  until  the  limb  is  covered  for  a  distance  of  a  couple  of  inches  above 
and  below  the  ulcer.  If  the  sore  be  near  the  aidde,  this  joint  should  be 
included  in  the  strapping.  Each  strip  of  plaster  should  be  applied  with  an 
equal  degree  of  pressure,  which  may  often  be  considerable,  and  it  should  cover 
at  least  one-third  of  the  preceding  strap  ;  the  limb  must  then  be  carefully 
bandaged  from  the  toes  to  the  knee.  The  plaster  will  be  found  to  apply  itself 
more  evenly  if  it  be  warmed  by  being  dipped  in  hot  water  instead  of  the 
ordinary  plan  of  using  dry  heat. 

Under  this  plan  of  treatment,  the  edges  will  subside,  the  surface  of  the 
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sore  will  become  florid,  and  granulations  yielding  abundant  discharge  will 
speedily  spring  up.  J\Iucli  of  the  success  of  this  plan  of  treatment  will  depend 
upon  the  close  attention  that  is  paid  to  it.  If  the  skin  be  irritable,  no  resin- 
plastcr  should  be  used,  but  merely  the  soap  or  lead  :  and  the  ])lasters  should 
be  changed  at  least  every  forty-eight  hours.  If  the  discharge  be  very  abun- 
dant, small  holes  should  be  cut  in  the  stri[)s  to  allow  it  to  esca])e.  A^''hen  by 
this  mode  of  treatment  the  edges  of  the  sore  liave  been  brought  down,  and  the 
granulations  siiliiciently  stimulated,  an  astringent  lotion  with  bandaging  may 
ad^'antageously  Ijc  substituted  for  the  i)lasters.  The  great  difficulty  in  carry- 
iug  out  this  treatment  in  hospital  out-patient  practice,  in  which  the  patient  is 
usually  seen  only  twice  a  week,  arises  from  the  foul  state  into  which  the  sore 
gets  in  the  intervals  of  strapping,  and  consequently  it  is  very  important  to 
employ  if  possible  some  antiseptic  mode  of  dressing.  In  order  to  do  this,  the 
iirst  necessary  step  is  to  disinfect  the  sore,  which  when  first  seen  is  usually 
very  foul.  This  is  by  no  means  so  easy  as  might  be  supposed.  It  can  be  done  by 
the  free  application  of  chloride  of  zinc  (gr.  20  to  5]'),  but  this  is  very  painful; 
another  plan  is  the  aj^plication  of  a  hot  boracic  acid  di'essing  as  before  described, 
changed  every  four  hours,  for  two  days,  and  this  is  very  efficient  if  the  patient  can 
only  be  trusted  to  do  it.  Perhaps  the  best  plan  is  to  powder  the  whole  surf^ice  of 
the  sore  with  iodoform  in  ciystals  ;  this  is  efficient,  simple,  and  as  a  rule  painless. 
When  the  sore  is  quite  clean  it  may  be  dressed  as  follows  :  apply  a  small 
sprinkliug  of  powdered  iodoform,  over  this  place  a  i^icce  of  protective  green 
oiled  silk,  then  strap  the  limb,  heai:ing  the  strips  of  plaster  by  dipping  them 
in  a  hot  solution  of  carbolic  acid  (1  in  40),  then  apply  a  carbolic  or  eucalyptus 
gauze  bandage  from  the  foot  to  the  knee  to  protect  the  skin,  o\'er  this  put 
a  thick  pad  of  carded  oakmn  to  absorb  the  discharge,  and  over  all  place  a 
common  calico  bandage.  The  improvement  that  results  fi-om  this  treatment 
is  often  most  surprising. 

Another  mode  of  applying  pressure  has  lately  been  introduced  by  Martin,  of 
New  York.  It  consists  simply  in  the  application  of  a  bandage  made  of  pure 
india-rubber,  free  from  sulphur.  The  bandage  is  api^licd  directly  to  the  sore, 
no  dressing  being  used  when  it  is  on.  It  is  worn  only  by  day;  and  at  night 
some  simple  dressing,  free  from  (jrease,  may  be  used.  The  bandage  is  thus 
apphed  ;  before  rising  fi-om  bed  in  the  morning,  the  patient  rolls  the  bandage 
round  the  leg,  taking  care  not  to  pull  it  in  so  doing.  It  must  only  just  lie 
smoothly  on  the  limb,  for  any  traction  might  seriously  impede  the  circulation. 
The  patient  now  rises  from  bed,  and  the  slight  increase  in  the  size  of  the  hmb 
from  gravitation  of  blood  into  it  tightens  the  bandage  sufficiently  to  make  it 
keep  its  position.  At  night  the  bandage  is  removed,  sponged  with  warm 
water,  and  hung  up  to  dry.  The  leg  must  also  be  carefully  washed,  and  the 
sore  may  be  dressed  with  some  simple  lotion.  The  only  inconvenience  of  the 
treatment  is,  that  fi'om  the  obstruction  to  the  escape  of  the  perspiration, 
eczema  is  fi'equcntly  set  up.  This  is  best  treated  by  some  oxide  of  zinc 
])Owder,  and  usually,  after  a  short  time,  the  leg  seems  to  become  accustomed 
to  the  presence  of  the  bandage,  and  no  further  trouble  is  experienced.  This 
treatment  is  usually  very  successful,  especially  in  cases  complicated  bv  the 
presence  of  varicose  veins. 

^  Another  mode  of  treating  chronic  ulcers  is  that  which  w-as  recommended  by 
Syme,  consisting  in  the  application  of  a  blister  to  the  indurated  edges,  and  the 
surfoce  of  the  sore,  after  which  some  simple  dressing  is  used.    This'  is  often 
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efficient,  but  if  the  sore  be  of  any  coiisidorable  size,  it  is  possible  that  the  patient 
may  absorb  sufficient  cantharidiu  to  cause  symptoms  of  poisoning-. 

Irritable  Ulcer. — This  is  met  with  mostly  after  the  middle  period  of  life. 
It  is  usually  of  snuill  size,  and  situated  behind  one  or  other  malleolus.  The  sur- 
roundinij  skin  is  usually  purple,  slightly  indurated  and  sometimes  pigmented ; 
the  ed(jL>s  are  slightly  raised,  very  irreg'ular  in  outline,  and  present  no  signs  of 
healing.  The  surface  is  but  slightly  below  the  level  of  the  skin  ;  it  is  either 
dark  purplish-red  in  colour  or  covered  with  a  thin  slough.  The  laso  is  but 
shghtly  indurated.  The  discliarge  is  scanty  and  thin.  The  pain  is  the  prin- 
cipal characteristic  ;  it  is  exceedingly  great,  and  usually  woi-se  at  night,  thus 
pre^■enti ng  sleep  and  seriously  disturbing  the  general  health.  In  fact,  such  an 
ulcer,  if  unrelieved,  may  bring  the  patient  into  so  exhausted  a  condition  that 
death  may  occur  fi'om  some  apparently  shght  ailment,  such  as  an  attack  of 
bronchitis.  Hilton  pointed  out  that  if  the  surface  of  the  sore  be  carefully 
touched  all  over  wich  the  point  of  a  jirobe,  one  or  more  spots  will  be  found 
most  acutely  tender.  This  is  due  to  the  exposure  of  a  nerve-ending  on  the 
surface  of  the  sore. 

In  the  'Treatment  of  this  ulcer,  we  must  attend  to  the  constitutional  as  well 
as  to  the  local  condition.  The  patient  should  be  put  upon  an  alterative  course 
of  medicine,  with  alotitic  purgati\'es,  and  some  sedative  at  bedtime  to  procure 
rest.  The  mode  of  topical  medication  which  I  have  found  to  succeed  best,  is 
to  brush  the  surface  of  the  sore  and  the  surrounding  pai'ts  from  time  to 
time  with  a  strong  solution  of  nitrate  of  silver  (gr.  x  to  5!.),  and  then  to 
keep  emollient  and  sedative  a})plications  applied  to  it,  such  as  lead  and  opium 
lotions.  If  this  does  not  succeed,  the  surface  of  the  sore  may  be  rubbed  with 
nitrate  of  silver  until  a  distinct  slough  is  formed.  This  treatment  is  very 
painful,  and  may  require  an  auresthetic  ;  but  the  S]narting  soon  ceases,  and 
the  patient  will  often  enjoy  after  it  the  first  good  night's  rest  he  has  had  for 
mouths.  Hilton  recommends  that  the  tender  spot  should  be  found,  and  a 
knife  or  lancet  point  passed  under  it,  so  as  to  diA'ide  the  branch  of  nerve  pass- 
ing to  it.  This  treatment  is  often  successful,  and  is  less  painful  than  that  by 
nitrate  of  silver. 

Inflamed  Ulcer. — This  is  characterized  by  redness,  swelling,  heat,  and 
pain  in  the  sun'ounding  skin.  The  cdijes  are  sharply  cut.  The  surface  is  at 
first  often  dark  red  and  dry  from  stasis  in  the  vessels  of  the  granulations,  but  ^ 
later  on  it  becomes  covered  by  a  thin  yellow  slough.  The  base  is  swollen  and 
cedematous,  like  the  surrounding  tissues.  The  discJiarge  is  serous  and  often 
bloody.  In  the  most  acute  stage  the  surface  of  the  sore  may  be  dry,  and 
covered  with  a  thin  crust  or  scab.  It  arises  most  commonly  in  people  wbo 
drink  to  excess,  and  is  not  unfrequently  associated  with  gout.  Any  sore  may 
however,  become  inflamed  if  neglected  and  allowed  to  become  covered  with 
acrid  and  putrid  discharges. 

The  Treaiment  must  be  both  general  and  local.  As  a  rule,  the  patients  are 
better  for  purging.  This  may  usually  be  effected  by  a  mercurial  pill,  followed 
by  sulphate  of  magnesia,  5ss,  infusion  of  quassia,  ^i,  three  times  daily  for  a 
few  days.  If  the  patient  be  gouty,  ten  drops  of  vinum  colchici  may  be  added 
to  each  dose.  Locally  the  limb  must  be  elevated,  and  the  patient  kept  in  the 
recumbent  position.  Hot  applications  will  be  found  always  to  give  the  greatest 
relief.  Hot  boracic  acid  fomentations  usually  speedily  reduce  the  pain  and 
swelling.  Another  excellent  application  is  the  following :  acetate  of  lead,  5ss  ; 
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laudamim,  5SS  ;  water,  to  sviij. ;  ponr  a  small  quantity  of  tlie  lotion  into  a 
saucer  and  add  an  equal  quantity  of  boiling  water  ;  moisten  with  this  diluted 
lotion  a  piece  of  lint  of  sufficient  size  to  cover  the  whole  reddened  area  ;  apply 
it  warm  and  cover  it  Avith  oiled  silk,  then  wrap  the  whole  part  in  a  sheet  of 
cotton  wool.  We  thus  g-et  warmth  and  moisture,  Avith  a  powerful  astrinji'ent  • 
and  sedative,  and  experience  has  shown  that  the  quantity  of  acetate  of  lead 
present  is  sufficient  to  pre\'ent  any  decomposition  of  the  discharg-es.  If  pre-- 
ferred,  tincture  of  belladonna  may  l)e  substituted  for  the  laudanum. 

Sloughing  Ulcer. — When  not  specific,  this  is  an  increased  degree  of  tlic. 
iuilamed  variety,  usually  occurring  in  feeble  or  cachectic  states  of  the  consti-- 
tution,  and  generally  accomjianied  by  a  good  deal  of  fever.  The  mrroumUruj  ' 
skin  presents  an  angry,  dusky,  red  blush  ;  the  edges  are  sharply  cut  ;  and  the. 
surface  is  covered  by  a  greyish  slough.  The  f/«V//(7;y/^  is  serous  ;  there  is  ai 
sense  of  heat  and  pain,  and  the  inflamed  area  is  acutely  tender.  The  ulcera-- 
tiou,  unless  arrested,  spreads  ra])idly. 

Treaimeni. — The  general  health  must  be  improved  by  a  nourishing,  but  un-- 
stimulating  diet,  combined  with  the  use  of  tonics.  Opium  is  of  the  greatest! 
value.  One  grain  should  Ije  given  twice  or  thrice  daily.  The  patient  must: 
be  put  to  bed,  and  the  part  elevated.  If  the  surface  of  the  sore  be  very  foul, . 
it  may  be  sprinkled  Avith  iodoform,  after  Avhich  hot  fomentations  must  be  ■ 
applied  to  the  Avliole  reddened  area.  As  the  inflammation  becomes  lesss 
acute,  the  Avarm  lead  and  opium  lotion  aliOA'e  mentioned  may  be  applied,  audi 
Avhen  the  sloughs  have  separated,  and  the  surface  has  become  clean,  the.' 
ordinary  treatment  of  a  healthy  sore  nnist  be  adopted.  See  Chapters  oni 
Hospital  Gangrene. 

Eczematotis  Ulcer. — This  term  is  applied  to  those  ulcers  in  Avhich  thei' 
surroundinii  sJn'/i  is  affected  l)y  eczema  ;  it  is  red  and  at  first  coA-ered  by  minutC' 
vesicles  ;  these  burst,  and  a  raAV-looking  sm-face  is  left,  on  which  the  corneous  s 
layer  of  the  epithelium  is  Avanting.  It  discharges  an  abundant,  yellow,  serous ? 
fluid,  strongly  alkaline  in  reaction,  Avhich  stiifens  any  linen  rag  Avhich  may  bei 
applied  to  soak  it  up.  The  ulcer  itself  presents  nothing  peculiar,  and  mayv 
assume  any  of  the  forms  already  described.  The  ulceration  may  arise  as* 
a  secondary  complication  of  eczema,  or  the  irritation  of  the  skin  by  thci 
discharge  from  a  badly  tended  ulcer  may  l)e  the  cause  of  the  cczematousf 
eruption. 

Trenfmenf.—Tho  boracic  acid  ointment,  pre])aredAvith  vaseline  and  paraffin,!- 
will  usually  be  found  the  best  application  to  the  eczematous  ulcer.  If  there  is^ 
much  irritation,  it  can  often  be  allayed  by  the  addition  of  half  a  drachm  of» 
extract  of  belladonna  to  each  ounce  of  the  ointment.  Strict  cleanliness  is  at.i 
the  same  time  essential,  but  in  washing  the  limb  common  soap  must  never  be* 
used  ;  warm  water  alone,  or  with  a  small  quantity  of  soft  soa]i,  Avill  be  foundt 
the  best  a]-)i)Hcation.  If  the  patient  be  gouty,  the  usual  remedies  for  gouti! 
must  be  administered. 

Varicose  Ulcer  derives  its  chief  characteristic  fi-om  being  complicated, 
with,  or  dependent  upon,  a  varicose  condition  of  the  A-eins  of  the  le<''.  In 
this  affection  of  the  venous  trunks  the  skin  gradually  undergoes  defeneration,  1 
becommg  brawny,  of  a  purplish  In'own  colour,  and  being  traA'crsed  in  all 
directions  by  enlarged  and  tortuous  cutaneous  veins.  The  ulcer  forms  at 
one  of  these  congested  spots,  by  the  breaking  down  of  the  already  de^-enerating 
tissue,  producing  a  small  irregular  chasm  of  an  unhealthy  appearance,  and 
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varying  much  in  cliiiractei-,  being  sometimes  inflamed,  afc  others  irritable  or 
sloughy,  and  then  becoming  indolent.  One  of  the  most  serious  elfecfcs  of  this 
ulcer  is  that,  by  penetrating  into  one  of  the  dilated  veins,  it  occasionally  gives 
rise  to  very  abundant  hiLniiorrhage  ;  the  patient  in  the  course  of  a  few  seconds 
losing  a  pint  or  two  of  blood.  The  htunmrrhage  comes  chiefly  from  the 
proximal  side,  in  consequence  of  the  incompetence  of  the  \-alves  in  the  varicose 
veins.  It  may  be  readily  arrested  by  laying  the  patient  on  his  back,  elevat- 
ing the  limb,  and  compressing  the  bleeding  point  Avith  a  pledget  of  lint  and 
a,  roller. 

The  Treatment  of  a  varicose  ulcer  must  have  special  reference  to  the  con- 
dition of  the  veins  that  occasions  it ;  no  local  applications  having  much  effect 
unless  the  pressure  of  the  column  of  blood  in  the  dilated  vessels  be  taken  off 
the  part.  This  may  be  done  by  means  of  a  "well-applied  bandage,  made  of 
elastic  material,  or  a  laced  or  elastic  stocking  applied  to  the  leg,  so  as  to  keep 
up  uniform  pressure  upon  the  distended  Acssels.  j\Iartin's  india-rubber 
bandage,  already  described  in  the  treatment  of  the  chroiiic  ulcer,  will  be 
found  especially  useful  iu  the  treatment  of  this  form  of  ulcer.  It  has  the 
great  advantage  over  the  elastic  stocking  of  being  suited  for  application  over 
the  ulcer,  as  it  does  not  become  foul  by  use,  and,  moreover,  if  it  be  properly 
put  on,  the  pressure  is  more  uniform.  In  many  cases,  the  cicatrizatiou  of  the 
ulcer  cannot  be  brought  about  by  these  modes  of  treatment ;  or,  if  the  ulcer 
heal,  it  constantly  breaks  open  again  :  or  haiuiorrhage  may  occur  from  a  rup- 
tured vein  upon  its  surfa(,'c.  Other  means,  Avhich  v/ill  be  described  in  a  future 
chapter,  must  then  be  taken  for  the  permanent  occlusion  of  the  varicose 
vessels.  As  this  procedure,  however,  is  attended  by  some  danger  from  the 
occasional  induction  of  phlebitis  or  erysipelas,  it  should  not  be  had  recourse  to 
unless  the  existence  of  one  or  other  of  the  conditions  just  mentioned  urgently 
calls  for  it. 

Haemorrhagic  Ulcer. — This  is  a  dark  purplish-looking  sore,  which  occurs 
in  women  sulfering  from  amenorrhoea,  and  has  a  special  tendency  to  ooze  blood 
about  the  menstrual  periods,  whence  its  name.  It  usually  partakes  of  the 
character  of  the  irritable  ulcer. 

Treatment. — The  hjBmorrhagic  ulcer  requires  to  be  treated  by  constitu- 
tional means,  having  for  their  object  the  improvement  of  the  jiatient's  general 
health  ;  Avith  this  view,  the  preparations  of  iron  and  of  aloes  are  especially 
useful. 

Ulcers  on  Mucous  Membranes. — A'arious  forms  of  ulcers  occur  upon 
mucous  membrane,  especially  those  of  the  throat,  rectum,  and  genital  organs. 
As  these,  however,  are  commonly  specific,  they  Avill  be  described  liereafter. 

When  ulcers  of  the  mucous  membrane  are  not  of  a  specific  character, 
they  present  the  general  appearances  characteristic  of  the  cutaneous  healthy, 
inflamed,  or  weak  varieties,  and  reciuire  the  topical  ap]ilications  which  have 
been  described  as  suited  to  these  conditions  ;  though  generally  they  will 
demand  the  free  employment  of  caustics,  or  astringents,  especially  of  the 
nitrate  of  silver. 
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CHAPTER  VII. 


THE  PROCESS  OF  REPAIR. 

Having,  in  tlic  preceding-  cliapters,  described  certain  pathological  con- 
ditions in  which  interference  with  normal  nntrition  and  destruction  of  tissue 
form  the  most  prominent  features,  we  have  nuw  to  give  a  summary  of  the  pro- 
cesses by  which  repair  takes  i)lace. 

It  will  be  most  convenient  to  consider  repair,  firstly,  as  it  is  seen  in  the  process 
of  union  of  a  simple  wound,  the  surfaces  of  whicli  can  be  brought  accurately 
in  contact  with  each  other  ;  and,  secondly,  as  it  takes  place  in  wounds  in  winch 
the  loss  of  substance  renders  this  imiwssible,  or  in  which  the  injury  is  such  that 
an  adherent  portion  of  dead  tissue  must  l)e  cast  oft"  before  any  repair  can  take 
l)lace. 

Five  different  modes  of  repair  have  been  described  as  occurring  in  the  union 
of  incised  wounds,  1.  Immediate  union  or  direct  growing  together  of  the 
opposed  surfiices.  2.  Union  by  primary  adhesion,  tln'ough  the  medium 
of  a  coagulal)le  exudation  from  the  opposed  surfaces,  o.  Scabbing,  in  which 
one  of  the  aboA-e  processes  occurs  l^eneath  a  scab  formed  of  the  dried  dis* 
charges.  4.  By  granulation,  in  which  granulation-tissue  springs  np  from 
the  bottom  and  sides  of  the  wound,  and  eventually  becomes  covered  by  an 
epithelial  layer  ;  and  A.  By  secondary  adhesion,  in  which  tAvo  granulating 
surfoces,  being  placed  in  contact,  grow  together.  The  two  first  of  these 
methods  of  repair  are  included  under  the  term  "  union  by  the  first  intention," 
and  are  confined  to  incised  and  punctured  wounds.  The  third  is  in  reality 
merely  an  accidental  condition  attending  union  by  the  first  intention.  The 
last  two  may  occur  in  incised  wounds  if  union  by  first  intention  fail,  and  are 
the  only  means  l)y  which  contused  and  lacerated  Avounds,  Avith  some  rare 
exce^jtions,  have  been  knoAvn  to  heal. 

1.  Immediate  Union. — The  direct  groAA-ing  together  of  opposite  surfaces, 
"  Avithout  any  intervening  substance,  such  as  blood  or  lymph,"  Avas  first 
described  by  .Tames  Macartney,  of  Dublin,  in  the  year  1838.  He  was  led  to 
the  opinion  that  such  a  process  occurred  by  the  observation  of  cases  in  Avhich 
all  the  coarser  signs  of  inflammation,  redness,  swelling,  heat,  and  pain,  Avith 
exudation,  Avere  Avanting.  John  Hunter  had  believed  that  the  bond  of  union 
in  such  cases  Avas  the  cxtravasated  blood.  He  thus  descril)ed  the  process  as  he 
believed  it  to  occur.  "  The  mouths  of  the  a'csscIs  are  soon  shut,  either  by 
inosculation,  or  their  own  power  of  contraction,"  "  and  if  there  should  be  any 
superfluous  cxtravasated  blood,  avo  know  that  it  Avill  be  aftcrAvards  aljsorbcd. 
The  blood  being  alive,  this  uniting  medium  becomes  immediately  a  part  of  our- 
selves, and  the  parts  not  l)eing  offended  by  it,  no  irritation  is  produced.  The 
red  particles  are  absorbed,  and  nothing  but  the  coagulating  lymjjh  is  retained, 
which,  being  the  true  living  bond  of  union,  afterwards  becomes  vascular." 
The  means  of  obserA-ation  in  the  time  of  John  Hunter  Avere  inferior  to  those 
of  Macartney,  yet  there  seems  little  doubt  that  his  description,  erroneous  as  it 
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is,  coiilaiiied  f;xr  more  truth  than  that  of  the  later  o])server.  During-  the  List 
fifteen  or  twenty  years  the  means  of  studying  such  processes  have  been  greatly 
improwd  ;  and  there  can  now  be  no  doubt  that  such  a  mode  of  union  as  that 
described  by  Macartney  never  takes  place.  It  is  impossible  to  malce  a  wound 
in  any  vascular  ])art  without  sulhciently  damaging  the  tissues  to  cause  a 
coagulable  exudation  to  take  place,  which,  mixed  with  wandering  cells,  forms 
the  first  boudofnuion  between  the  opposed  surfaces.  The  quantity  of  this 
exudation  may,  however,  be  so  small  that  it  can  be  recognized  oidy  in  micro- 
scopic preparations,  cut,  stained,  and  mounted,  according  to  the  modern 
methods  ;  and  it  is  not  surprising,  therefore,  that  it  escaped  the  notice  of 
former  pathologists. 

'2.  Union  by  primary  adhesion  (Paget),  primary  union,  union  by 
adhesive  inflammation  (Hunter),  or,  as  it  is  more  commonly  called, 
Union  by  the  First  Intention,  is  that  form  of  nuifin  which  occurs  without 
the  formation  of  pus,  and  in  which  the  accompanying  inflammation  is  purely 
traumatic,  being  strictly  limited  to  the  tissues  directly  injured  in  the  pro- 
duction of  the  wound.  It  is  the  form  of  union  which  the  Snrgeon  aims  at 
obtaining  in  all  wounds  unaccompanied  by  extensive  loss  of  substance,  or  by 
such  a.  degree  of  injuiy  of  the  surface  as  to  cause  sloughing. 

In  order  that  primary  union  should  take  place,  the  following  comUtmis  are 
necessary  : — 1.  That  the  wound  be  not  contused  or  lacerated  to  such  a  degree 
as  to  cause  visible  sloughing  of  the  surfaces.  2.  That  the  patient's  constitu- 
tion be  in  a  healthy  state.  3.  That  the  inter]X)sition  of  all  foreign  bodies  be 
carefully  guarded  against.  4.  That  the  wound  l)e  closed,  and  its  sides  brought 
into  accui'ate  apposition.  5.  That  the  surfaces  after  being  brought  together 
shall  be  ke])t  at  ])erfect  rest.  fi.  That  no  cause  of  inflammation  shall  be 
introduced  which  shall  tend  to  prolong  the  process  beyond  the  jieriod  necessary 
for  the  effusion  of  healthy  plastic  exudation,  or  to  make  it  spread  beyond  the 
area  actually  injured  by  the  knife. 

In  studying  union  l)y  first  intention,  it  is  essential  to  bear  in  mind  the  con- 
dition of  the  surface  of  a  clean  incised  Avound  immediately  after  its  infliction. 
The  mechanical  violence  inflicted  on  the  tissues  by  the  instrument  by  which 
the  wound  was  made,  the  exposure  to  cold  air,  and  in  the  present  day  in  many 
cases  the  application  of  some  irritating  chemical  antiseptic,  have  all  combined 
to  damage  the  exposed  tissues,  and  to  lower  their  vitality  to  a  degree  sufficient 
to  give  rise  to  the  process  of  inflammation.    Here  and  there  in  individual 
cells  or  microscopic  layers  of  tissue  it  is  most  jirobable  that  the  damage  is 
sufficient  to  cause  actual  death.    In  the  whole  of  the  immediate  surface  of  the 
wound  the  vitality  is  lowered  to  a  degree  sufficient  to  cause  stasis ;  imme- 
diately beyond  this  we  find  retarded  flow  with  exudation  of  Kquor  sanguinis  and 
migration  of  the  white  cor])uscles,  and  beyond  this  again  is  an  area  of  simple 
vascular  dilatation— the  degree  of  damage  necessarily  diminishing  as  we  recede 
from  the  parts  directly  touched  by  the  cutting  instrument.    The  thickness  of 
the  layer  of  tissue  thus  injured  must  necessarily  vary  with  the  sharpness  of  the 
instrument  with  which  the  wound  was  made,  the  original  vitality  of  the  tissues, 
the  amount  of  violence  done  in  cleaning  the  wound,  the  time  of  exposure  to 
cold  air,  and  the  nature  of  any  chemical  antisejttic  that  may  be  applied  to  it  ; 
but  in  most  cases  of  cleanly  cut  wounds,  it  is  in  all  prol)ability  merely  micro- 
scopic.   This  condition  of  lowered  vitality  is,  except  in  the  microscopic  shreds 
of  tissue  before  alluded  to,  merely  temporary  ;  and,  if  no  further  cause  of 
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tlaiiiag-G  be  introduced,  it  v.ill  puss  oft'  in  from  twelve  to  twenty-four  hours, 
wlien  all  the  phenonieua  of  iuflaniniation  Avhich  occur  as  a  consequence  of  it 
Avill  subside. 

This  being  the  condition  of  the  surfaces  of  the  wound,  the  early  phenomena 
of  union  by  first  intention  are  readily  explained  by  the  application  of  the 
description  of  the  process  of  inflammation  already  given.    Hajmorrhage  is 
first  arrested.    In  the  larger  vessels  this  is  effected"  by  artificial  means  to  be 
discussed  hereafter,  but  in  the  smaller  it  occurs  spontaneously.    The  mechanical 
stimulation  caused  by  the  cutting  instrument  causes  a  contraction  of  the 
smaller  arteries  extending  some  little  distance  from  the  surfiice  of  the  wound, 
and  amounting  to  complete  or  almost  complete  closure,  and  thus  the_ rapidity 
of  the  capillary  circulation  supplied  by  them  is  retarded,  and  its  force 
diminished.    Such  blood  as  finds  its  way  into  the  wounded  capillaries  when 
it  reaches  the  damaged  area  shows  the  phenomena  of  stasis.    The  red 
corpuscles  adhere  to  each  other,  and  to  the  wall  of  the  vessel,  and  plug  its 
lumen,  and  at  the  most  damaged  part  "where  the  vessel  is  divided  the  con- 
dition passes  on  to  definite  coagulation,  and  a  small  adherent  clot  is  formed, 
Avhich  closes  the  open  month  of  the  capillary.    The  contraction  of  the  arteries 
is  merely  temporary,  and  soon  passes  off,  giving  place  to  dilatation ;  but  by 
the  time  this  takes  place,  the  clots  in  the  divided  capillaries  are  sufficiently 
firm  and  adherent  to  prevent  a  recurrence  of  the  lifKuiorrhage.    The  fulness 
of  the  vessels  resulting  from  the  arterial  relaxation  is  readily  observable,  and  is 
indicated  by  the  blush  of  redness,  with  slight  swelling,  always  seen  in  the 
edges  of  a  A\  ound  a  short  time  after  its  infliction.    This  redness  is  not  limited 
to  the  area  actually  injured  by  the  knife,  but  extends  to  some  distance,  often 
one  inch  or  more  from  the  edge  of  the  wound.    The  causes  of  this  extensive 
blush  of  redness  are,  firstly,  the  stimulation  of  the  sensory  nerves  consequent 
upon  the  "wound,  "«^hich,  as  Ave  have  before  seen,  causes  A-ascular  dilatation  in 
the  area  supplied  by  the  nerves  acted  on  ;  and  secondly,  the  mechanical 
obstruction  to  the  circulation  caused  by  the  obliteration  of  the  vessels  divided 
in  the  Avound.    The  blood-pressure  being  thus  increased,  while  at  the  same 
time  the  vitality  of  the  "walls  of  the  vessels  has  been  lowered  or  suspended  in 
the  injured  area,  abundant  efPusion  of  coagulable  exudation,  with  escape  of  a 
greater  or  less  number  of  red  coriwscles  and  rapid  migration  of  the  white,  sets  : 
in  ;  and  the  exudation,  finding  a  ready  Avay  by  the  open  lymph-spaces,  pours  ■ 
out  on  the  surface  of  the  wound.    Here  it  coagulates  ;  the  fibrine  entangling  ■ 
innumerable  white  corpuscles  in  its  meshes,  mixed  with  a  A'ariable  number  of  ' 
red,  remains  adlierent  to  the  surface,  while  the  serum,  darkly  stained  Avith  red  , 
corpuscles,  drains  away.    It  is  seldom  in  the  present  day  that  an  opportunity 
is  obtained  of  Avatching  Avith  the  naked-eye  appearances  of  this  process,  a»  « 
Avounds  arc  almost  invariably  closed  as  soon  as  possible  after  their  infliction  : 
but  formerly  many  Surgeons  left  Avounds  open,  to  become  "  glazed,"  as  it  Avas 
called,  before  bringing  them  together.    In  an  amputation  Avound  treated  in  i 
this  Avay  the  process  of  exudation  can  be  Avatched  ;  drops  of  reddish  serum  i 
accumulate  here  and  there  on  the  surfaces  of  the  flaps,  like  beads  of  perspira-  • 
tion  in  profuse  sweating  ;  these  by  coalescence  Avith  others,  and  by  gradual 
increase,  reach  a  certain  size,  and  then  trickle  oft"  the  surface  of  the  exposed  : 
Avound,  like  drops  of  rain  doAvn  a  AvindoAV.    After  this  process  lias  lasted  an  i 
hour  or  tAvo,  the  surface  of  the  flap  begins  to  assume  a  glazed  appearance,  the  . 
''glaze"  being  formed  of  the  coagulated  fibrin  mixed  with  corpuscles  as  above 


UXION  BY  TEE  FIRST  TXTF.YTION. 


271 


descvibcd.  This  material,  to  -which  in  the  present  day  the  term  "  plasfic 
(^xiitlaflon''  is  perhaps  most  comeiiiently  apphed,  is  spoken  of  also  as 
coagidahle  hjmph,'' mflammcitortj  li/mjih,'''  or  Ii/mph."  After  the  process 
has  contiiincd  for  some  time,  the  serum,  which  was  at  first  almost  as  red  as  pure 
blood,  becomes  almost  colourless,  and  diminishes  greatly  in  quantity.  The 
two  fiaps,  being-  uow  covered  by  the  adhesive-  ])lastic  exudation  or  lymph, 
adhere  to  each  other  readily  with  a  certain  degree  of  lirmiiess  if  brought 
together,  and  thus  a  temporary  union  is  obtained,  which  provides  for  the 
perfect  rest  and  apposition  necessaiy  for  the  permanent  growing-together  of 
the  opposed  surfaces.  The  cessation  of  the  exudation  occurs  as  soon  as  the 
damaged  tissues  recover  their  full  vitality.  The  plastic  exudation,  just  like  a 
bloud-clot,  becomes  gradually  dryer  and  firmer  as  the  serum  drains  completely 
away  fi'om  it.  Any  microscopic  shreds  of  tissue  which  may  have  been  killed 
outright  l)y  the  injury  become  imbedded  in  tlie  plastic  exudation,  and  are 
finally  absorbed  by  the  Avandering  cells  without  causing  any  suppuration  or 
other  disturbance.  This  process  of  temporary  union  should  be  complete  at  the 
end  of  from  twelve  to  twenty-four  hours,  the  time  A'arying  with  the  size  of  the 
wound  and  the  amount  of  damage  done  to  the  tissues  in  its  infliction  or  in  its 
treatment.  If  the  surface  of  the  wound  be  washed  over  with  some  strong 
antiseptic  solution,  such  as  carbolic  acid  lotion  (1  in  20)  or  chloride  of  zinc 
(20  gTS.  to  1  oz.),  both  the  quantity  and  the  duration  of  the  exudation  will  be 
increased  ;  but  even  then  it  should  practically  cease  at  the  end  of  twenty-four 
hours.  In  large  iiregular  wounds  in  which  it  is  impossible  to  obtain  perfect 
apposition  a  small  quantity  of  serous  discharge  will  continue  to  escape  from 
the  surfaces  not  in  contact,  a  condition  which  must  necessarily  occur  in  all 
surfaces  in  the  Yixlng  body  not  provided  with  an  impermeable  epithelial 
covering. 

A  Avound  in  which  union  by  first  intention  is  taking  place,  if  removed  at 
the  end  of  twenty-four  hours  and  examined  by  microscopic  sections,  presents 
the  following  appearances.  The  vessels  on  each  side,  if  they  have  not 
emptied  themselves  after  the  specimeii  was  removed,  arc  seen  to  be  distended 
with  blood,  and  their  actual  divided  extremities  to  be  filled  with  small  clots. 
Outside  the  vessels  a  few  wandering  cells  are  recognizable,  increasing  in  number 
as  the  actual  wound  is  approached.  Tlic  original  cells  of  the  part  show  no 
change.  Between  the  surfaces  of  the  wound,  the  plastic  exudation  glueing 
them  together  is  seen  as  a  closely  packed  mass  of  small  round  cells  (leucocytes) 
between  which  the  coagulated  fibrin  is  not  recognizable,  as  it  is  concealed  by 
the  cells.  Here  and  there  are  groups  of  red  corpuscles  or  small  patches  of 
blood-clot,  varying  in  amount  Avith  the  perfectio]i  Avith  Avhich  the  capillary 
hjemorrhagc  Avas  arrested  before  the  surfaces  of  the  Avound  Avcre  brought  into 
apposition. 

So  far,  tliercfore,  the  process  of  primary  union  is  merely  one  of  inflamma- 
tion, resulting  from  the  damage  done  to  the  tissues  during  the  infliction  of  the 
•wound  and  in  the  subsecpient  proceedings  of  cleaning  it,  arresting  haemorrhage, 
and  bringing  the  surfaces  together.  All  these  causes  are  merely  temporary, 
ceasing  to  act  as  soon  as  the  Avound  is  brought  together.  The  inflammation 
is  purely  traumatic,  and  as  such  has  no  tendency  to  persist  nor  to  extend  beyond 
the  area  originally  injured.  It  reaches  its  highest  stage  Avithin  a  few  minutes 
of  the  infliction  of  the  Avound,  in  fact,  as  soon  as  the  temporary  contraction  of 
the  arteries  passes  off  and  is  succeeded  by  dilatation ;  and  its  natural  course  is  to 
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subside  pTrtcIually  as  tlie  tissues  recover  from  the  damage  done  to  tliem  at  the 
time  of  the  injury. 

The  process  of  union  by  first  intention  will  be  disturbed  or  entirely  prevented 
by  the  introduction  of  any  cause  wliich  will  prolong  the  inflammation  or 
make  it  assume  a  spreading  or  infective  character.  Under  these  circum- 
stances the  transudation  of  liquor  sanguinis  and  the  migration  of  the  white 
corpuscles  will  continue,  and  instead  of  the  thin  layer  of  dry  firm  plastic 
exudation,  composed  merely  of  living  corpuscles  entangled  in  the  meshes  of 
the  coagulated  fibrin,  there  Avill  be  a  soft  exudation,  excessive  in  quantity,  the 
more  superficial  layers  of  which  will  soften  and  break  down  into  pus,  a  fluid 
layer  thus  being  interposed  between  the  surfaces  of  the  wound,  effectually 
preventing  primary  union. 

Amongst  the  causes  which  lead  to  persistence  of  inflammation  in  a  wound 
and  consequent  suppm'ation,  the  following  may  be  mentioned  as  the  most 
common. 

1.  The  nature  of  the  injury  ;  a  blunt  or  jagged  weapon  may  so  damage 
the  tissues  as  to  cause  actual  death  of  a  layer  of  some  thickness,  which  must 
be  separated  by  a  process  of  ulceration  and  suppuration  (see  p.  25;")). 

•1.  The  tissues  themselves  may  be  feeble  either  fi-om  general  or  local  causes, 
and  consequently  possess  a  diminished  power  of  resisting  injury  and  of  rallying 
fi'om  its  effects. 

o.  The  raw  surfaces  may  be  constantly  rul)bcd  against  each  other  if  the 
Avounded  part  be  not  kept  at  perfect  rest,  and  the  mechanical  irritation  from 
this  cause  is  quite  sufficient  to  maintain  the  process  of  inflammation. 

4.  If  proper  provision  be  not  made  tor  the  escape  of  the  serum  that  neces- 
sarily flows  from  the  fresh  wounded  surface,  the  cavity  of  the  Avound  becomes 
distended  by  it,  and  not  only  are  the  surfaces  separated  from  each  other,  but 
they  are  exposed  to  the  irritation  of  fension,  and  while  this  is  acting  the 
inflammatory  process  cannot  subside,  but  the  exudation  will  continue  and 
intensify  the  evil,  the  cavity  of  the  wound  coming  to  resemble  that  of  an  acute 
abscess.  Tension  from  tight  stitches  causes  a  similar  persistence  of  the 
inflammatory  process. 

5.  If  in  such  an  undi'ained  wound  the  causes  of  decomposition  are  present, 
pntrefiiction  of  the  serous  fluid  speedily  sets  in,  and  the  irritating  products  of  ' 
decomposition,  pent  up  as  they  are  in  contact  with  the  raw  surface  at  some  ■■ 
degree  of  pressure,  soak  away  into  the  lymph-spaces  of  the  surrounding  tissues,  . 
and  thus  cause  a  spreading  inflammation  which  may  extend  to  a  considerable  • 
distance  beyond  the  area  actually  injured  by  the  instrument  which  inflicted  i 
the  wound.  The  firm  plastic  exudation  that  is  left  uniting  the  surfiices  of  a  i 
well-drained  Avound  being  composed  almost  entirely  of  living  cells  is  not  liable  • 
to  putrefaction,  and  any  of  the  ordinary  bacteria  Avhich  may  come  in  contact : 
Avith  it  are  powerless  to  produce  any  evil  effect.  It  need  hardly  be  pointed  out : 
that  unless  decomposable  matter,  either  in  the  form  of  excessive  blood-clot  or  : 
pent-up  serum,  is  present  in  the  Avound,  no  decomposition  Avill  take  place. 

The  persistence  of  the  inflammation  maybe  due  to  the  presence  of  ai 
foreign  body  in  the  wound.  A  foreign  body  may  give  rise  to  suppuration  i 
eitlier  from  its  being  in  itself  irritating,  either  mechanically  or  chemically,  orr 
from  its  being  porous  in  character,  and  thus  absoi'bing  sei'um,  which  after-  - 
wards  decomposes.  On  the  other  hand,  smooth  non-absorbent  bodies,  such  as  > 
metals,  or  soft  absorbent  substances,  as  miwaxed  silk,  under  successful  anti- 
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septic  treatment  may  become  enclosed  in  a  healing  wound  without  causing  the 
formation  of  pus. 

7.  Lastly,  union  by  first  intention  is  necessarily  prevented  by  the  inocula- 
tion of  the  poison  of  any  of  the  specific  sin'cading  inflammations,  as  hospital 
gangrene  or  erysipelas. 

It  now  remains  to  trace  the  process  by  \\l\\d\  the  imperfect  union  by  means 
of  the  plastic  exudation  is  converted  into  permanent  healing.    Although,  as 
we  have  seen,  inflammation  is  necessary  for  the  formation  of  the  first  bond  of 
union,  its  absence  is  equally  essential  for  the  healthy  development  of  the  scar. 
The  first  step  in  the  process  is  the  development  of  new  blood-vessels,  which 
penetrate  the  plastic  exudation  and  finally  communicate  with  similar  new 
vessels  from  the  opposite  side  of  the  wound.    Small  lateral  dilatations,  or 
pouches,  appear  at  some  points  on  the  walls  of  the  nearest  old  vessels  ;  these 
grow  out  into  the  plastic  mass,  bend  towards  each  other,  coalesce,  and  thus 
form  loops.    These  loops  give  rise  to  secondary  vascular  buds,  which  follow 
the  same  course  of  development,  and  thus  the  vascularisation  of  the  plastic 
exudation  is  completed.    These  buds  are  not  formed  by  mere  stretching  of  the 
wall  of  the  vessel ;  they  are  true  growths  from  its  protoplasm.    It  is  not 
certain  by  what  means  the  two  buds  are  guided  towards  each  other  until  they 
meet  and  unite,  but  it  is  not  improbable  that  they  follow  the  processes  of  a 
branching  cell.    This  process  of  vascularisation  commences  as  soon  as  the  in- 
flammation ceases.    Wywodzoff  has  found  distinct  loops  commencing  to  form 
in  a  wound  in  the  tongue  of  a  dog  forty-eight  hours  after  the  infliction  of  the 
injury.    Proliably  in  a  healthy  wound  the  process  is  completed  by  the  fifth  or 
sixth  day.   When  fully  developed  the  new  vessels  are  very  abundant,  much  more 
so  than  in  healthy  connective  tissue.    "We  now  have,  therefore,  as  the  uniting 
medium  a  mass  of  rounded  cells,  amongst  which  ramify  innumerable  thin- 
walled  capillaries — in  short,  a  thin  layer  of  granulation-tissue.  Granulation- 
tissue  difl'ers  from  the  "plastic  exudation,"  or  "  lymph,"  in  containing  vessels, 
and  in  possessing  a- homogeneous  intercellular  substance,  instead  of  the  coagu- 
lated fibrin  which  has  now  disappeared.    The  cells  Avhich  compose  it  are  in 
many  cases  somewhat  larger  than  white  corpuscles,  and  some  may  be  met  with 
of  a  branched  form.    The  origin  of  the  cells  of  granulation-tissue  is  still 
involved  in  some  obscurity.  Two  chief  views  are  entertained  concerning  them. 
1st.  That  they  are  developed  directly  from  the  migrating  white  corpuscles  by 
multiplication  of  these  cells  after  they  have  taken  up  their  new  position  out- 
side the  vessels.    2nd.  That  they  are  developed  from  the  original  cells  of  the 
part,  which  commence  to  divide  and  multiply  as  soon  as  the  tissues  recover 
from  the  temporary  damage  done  them  by  the  infliction  of  the  wound  and  the 
consequent  inflammation  has  ceased  ;  the  new  tissue  thus  formed  replacing  the 
layer  of  migrated  leucocytes  and  coagulated  fibrin  which  formed  the  primary 
bond  of  union.    It  is  impossible  here  to  give  the  evidence  adduced  in 
favour  of  these  theories  ;  but  it  is  easy  to  understand  how  great  are  the 
difficulties  in  the  way  of  the  observer ;  as,  in  the  first  place,  the  migration, 
which  necessarily  occurs  immediately  after  the  wound,  more  or  less  conceals 
and  obscures  the  original  cells  of  the  part,  and  in  the  second  place,  a  connec- 
tive-tissue-corpuscle, if  it  docs  multiply,  loses  its  characteristic  appearance  and 
assumes  the  form  of  a  group  of  small  round  cells,  closely  resembling  in  appear- 
ance a  collection  of  migrating  leucocytes.    Ziegler  and  Tillmanns  have  shown 
that  new  connective  tissue  can  be  developed  in  small  glass  capillary  chambers 
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inserted  beneath  the  skin,  and  in  portions  of  dead  tissue  inserted  in  the  peri- 
toneal cavity  of  a  rabltit ;  and  on  reading  the  results  of  their  experiments,  it  is 
difficult  not  to  believe  that  the  new  tissue  may  be  developed  from  migrating 
cells.  Ou  the  other  hand,  Senftleben  has  clearly  shown  that  in  the  cornea  by 
a  special  mode  of  experimenting,  a  loss  of  substance  may  be  obtained  without 
causing  inflammation,  and  that,  under  these  circumstances,  the  corneal  cor- 
puscles can  be  seen  to  take  a  direct  part  in  the  process  of  rejjair. 

Whatever  the  origin  of  the  new  cells  in  granulation-tissue  may  be,  the  sul> 
sequent  changes  by  which  the  soft,  highly  vascular  ceUular  mass  is  converted 


int(j  fibrous  tissue  ;  h,  blood-vessel  ;  o",  granulStion-cells  lengtlWing  ouriuto'spiliTircells-  o'"" 'prn'miT 
substance  commencing  to  fibrillate  ;  /,  rudimentary  libres.  "pmuie  ceus  ,  g ,  ground- 

into  the  dense,  almost  non-vascular,  fibrous  tissue  which  forms  the  cicatrix  have 
been  followed  with  great  accuracy.  The  round  cells  of  which  the  granulation- 
tissue  is  formed  first  become  lengthened  out  and  arranged  in  lines,  chiefly  parallel 
to  the  vessels.  At  first  between  the  cells  there  is  merely  a  little  homogeneous 
intercellular  substance,  scarcely  recognizable,  but  this  gradually  increlises  in 
quantity  and  becomes  fibrous  in  structure.  How  the  fibrous  tissue  is  developed 
IS  another  disputed  point ;  it  is  uncertain  whether  it  is  developed  by  a  direct 
conversion  of  the  protoplasm  of  the  cells  into  fibres,  or  by  a  process  of  fibrillation 


LATER  STAGES  OF  SCAR-FORMATIOF. 


275 


of  the  intercellular  substance.  This  much  is  certain,  however,  that,  as  the  fibres 
make  their  appearance,  the  cells  disappear  to  a  great  extent,  until  at  last  only 
a  few  flattened  corpuscles  of  the  form  of  those  ordinarily  found  in  coimective 
tissue  are  left  lying  on  the  bundles  of  fibres.  At  the  same  time  a  gradual  obli- 
teration of  the  vessels  which  formed  so  large  a  part  of  the  granulation-tissue 
takes  place,  until  the  scar  becomes  as  devoid  of  vessels  as  a  piece  of  tendon. 
Owing  to  the  disappearance  of  so  large  a  number  of  cells,  and  the  obliteration 
of  such  innumerable  vessels,  this  process  of  development  of  granulation-tissue 
into  cicatricial  fibrous  tissue  is  accompanied  by  a  considerable  diminution  in 
bulk,  and  thus  a  scar  is  always  much  smaller  than  the  original  raw  surface 
from  which  it  resulted.  The  new  fibrous  tissue  differs  from  healthy  areolar 
tissue  in  being  more  dense,  in  containing  no  lymphatics  or  lymph-spaces,  and, 
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Fig.  101. — A  cieatrix,  three  woeks  old  after  union  by  the  first  intention  ;  c,  new  epithelium  covering  the 
sear  ;  sv,  young  tibrnus  tissue  containing  elongated  cells  parallel  to  the  vessels;  v,  a  vein  ;  <jl,  a  sweat 
gland  ;  f,  fat.    The  tissues  on  each  side  of  the  scaj  contain  numerous  leucocytes. 

in  the  absence  of  yellow  elastic  fibres.  It  is  this  that  gives  a  scar  its  unyield- 
ing rigidity  and  want  of  elasticity.  Very  old  scars  are  said  gradually  to  come 
to  resemble  normal  fibrous  tissue  more  closely,  even  to  the  extent  of  developing 
yellow  elastic  tissue. 

The  time  occupied  in  these  changes  is  not  accurately  defined.  We 
have  already  seen  that  the  formation  of  the  "  plastic  exudation,"  or  "  lymph," 
commences  immediately  after  the  injury,  and  under  favourable  circumstances 
is  finished  by  the  end  of  the  first  twenty-four  hours.  According  to  Billroth, 
new  vessels  can  be  seen  commencing  to  form  within  forty-eight  hours,  and  by 
the  end  of  a  week  a  complete  communication  is  established  between  the  capil- 
laries on  each  side  of  the  wound.  Early  in  the  second  week  the  cells  have 
lengthened  out,  and  the  development  of  fibrous  tissue  has  commenced ;  and 
by  the  end  of  the  second  week  the  superabundant  vessels  have  been  partly 
obhterated,  and  the  new  tissue  has  assumed  a  considerable  degree  of  firmness. 
The  final  obliteration  of  the  vessels  in  the  cicatricial  tissue  is,  as  all  know, 
a  slow  process,  lasting  many  months.  Until  this  is  completed  the  scar 
remains  redder  than  the  surrounding  skin,  though  afterwards  it  becomes  opaque 
and  white. 
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It  is  evident  that  these  chauges  can  be  recognized  on  microscopic  examina- 
tion only  in  those  wounds  in  which  the  surfeccs  have  been  separated  from 
each  other  by  an  appreciable  layer  of  plastic  exudation  or  coagulated  blood. 
When  the  apposition  of  the  surfaces  has  been  more  joerfect,  the  layer  of 
uniting  material  may  bo  so  thin  as  to  be  scarcely  recognizable,  and  four  days 
after  the  infliction  of  the  wound  it  may  be  almost  impossible  to  recognize  any 
bond  of  union,  the  hue  of  the  incision  being  marked  only  by  the  presence  of 
a  few  wandering  ceUs,  and  some  traces  of  unabsorbed  red  corpuscles.  That 
true  union,  however,  in  such  a  case  has  not  definitely  taken  place  at  this 
time  is  shown  by  the  care  which  is  necessary  in  preserving  the  specimen 
for  microscopic  examination,  to  prevent  the  surfaces  fvom  separating  from 
each  other. 

So  far  we  have  described  only  the  process  of  union  as  it  occurs  in  the 
deeper  parts  of  the  wound.    The  repair  of  the  divided  epithelium  is  a 
more  simple  process  and  is  earlier  completed.    As  soon  as  the  surfaces  are 
united  by  gTanulation-tissue,  new  cells  are  formed  from  each  side  by  the 
ordinary  processes  of  growth  from  the  Malpighian  layer  of  the  epithelium. 
The  new  cells  spread  over  the  surface  of  the  granulation-tissue,  and  soon  meet 
and  cover  it  in  ;  as  the  growth  continues  the  superficial  cells  become  corneous,  . 
and  a  perfect  restoration  of  the  cuticle  is  thus  accomplished.    As  the  layer  of  " 
granulation-tissue  to  be  covered  over  in  a  wound,  the  edges  of  which  have  • 
been  accurately  approximated,  is  merely  microscopical,  it  is  evident  that  in 
such  a  case  the  repair  of  the  epithehal  layer  of  the  skin  must  occur  almost 
immediately  after  the  cessation  of  the  serous  discharge.    A'\niere  there  is  a  1 
wider  interval  it  may  be  delayed  for  a  varying  time  according  to  the  width  of 
the  surface  to  be  covered,  but  in  all  cases  it  is  accomplished  long  before  the  ■ 
complete  development  of  the  fil)rous  tissue  of  the  scar  beneath. 

In  the  process  of  superficial  cicatrization,  no  new  papillaj  are  formed,  and  it  i 
is  this  which  gives  a  scar  its  smooth  surface. 

We  have  thus  traced  the  development  of  a  scar,  and  shown  that  in  its  s 
formation  new  blood-vessels,  new  epithelium,  and  new  fibrous-tissue  are;- 
developed,  and  as  a  rule  these  structures  only  form  the  bond  of  union  after  i 
division  of  the  soft  parts.    In  wounds  of  cartilage,  muscle  and  central  nervons  s 
tissue,  no  regeneration  of  the  original  tissues  takes  place,  the  scar  being  com-  ■ 
posed  solely  of  fibrous  tissue.    Large  vessels  when  completely  divided  are< 
obhterated  and  converted  into  a  fibrous  cord  as  far  as  the  nearest  cohateralk 
branch.  As  we  shall  see  hereafter,  bone  is  repaired  by  bone,  and  under  favour- 
able circumstances  large  nerves  are  completely  united  by  normal  nerve-tissue.  , 
In  large  scars,  however,  the  development  of  new  nervous  tissue  is  very  imper-  l 
feet,  if  it  occurs  at  alh    Little  is  known  of  the  formation  of  lymphatics  in 
old  scars  ;  but  injections  show  that  they  are  absolutely  wanting  in  gTanulation 
tissue  and  young  scars.  "  I 

3.  Union  by  scabbing  docs  not  require  any  detailed  description.  The  fonna-J 
tion  of  the  scab  may  in  fact  be  regarded  rather  as  a  form  of  occlusive  dressing,, 
than  as  a  pathological  process.  The  scab  is  composed  merely  of  the  dried  serous 
discharge,  and  its  formation  is  favoured  by  the  presence  of  hair,  which  becomes  : 
matted  together  and  gives  toughness  and  solidity  to  the  crust.  A  scab  also- 
serves  to  keep  the  wound  free  from  decomposition,  as  for  its  formation  the  absence  - 
of  water  is  necessary  whereas  the  presence  of  water  is  essential  to  putreftiction.- 
When  once  formed  it  mechanically  excludes  the  causes  of  decomposition.  For 
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hcalino-  by  scabbing  the  same  conditions  arc  necessary  as  for  union  by  first 
intention  ;  anything  that  causes  a  persistence  of  inflammation,  by  leading  to 
continued  eifusion,  will  soften  or  loosen  the  crust.  If  the  scab  forms  before 
the  serous  eSlision  has  ceased,  and  thus  retains  it  in  the  wound,  the  surfaces 
will  be  separated,  and  tension,  causing  persistent  iuflannuatiou  ending  in 
suppuration,  will  follow,  which  in  many  cases  will  be  aggravated  by  decomposi- 
tion of  the  pent-up  discharge  ;  for  although  the  scab  may  exclude  organisms 
from  without,  the  wound  will  probably  contain  large  numbers  which  have 
entered  before  it  was  closed,  and  are  ready  to  develope  if  they  find  a  suitable 
fluid  in  which  to  grow. 

In  the  human  subject,  therefore,  it  is  only  in  small,  cleanly  cut  wounds  that 
healing  by  scabbing  is  likely  to  occur  ;  it  is,  however,  more  common  in  the 
lower  animals.  The  processes  that  occur  beneath  the  scab  are  identical  with 
those  already  described  under  union  by  first  intention. 

The  natural  process  of  scabbing  is  sometimes  imitated  by  the  Surgeon  when 
he  closes  a  small  punctured  wound,  such  as  that  of  a  compound  fracture,  with 
a  piece  of  lint  dipped  in  blood,  collodion,  styptic  colloid,  friars'-balsam,  &c., 
under  which  union  may  take  place. 

4.  Union  by  Granulation. — In  those  cases  in  which  fi'om  the  nature  of  the 
wound  union  by  first  intention  is  impossible,  or  in  which  fi-ora  the  broken 
state  of  the  patient's  constitution,  or  from  some  local  interference  with  the 
process,  it  fails  to  be  accomplished,  healing  by  "the  Second  Intention," 
as  it  is  termed,  occurs  ;  and  we  may  often  see  in  the  same  wound  one 
portion  unite  by  primary  union  and  the  remainder  by  granulation.  Amongst 
the  injuries  in  which  we  look  for  union  by  the  second  intention  are  included 
contused  and  lacerated  wounds  of  all  kinds,  in  Avhich,  from  the  mechanical 
violence  done  to  the  tissues,  a  layer  of  varial)le  thickness  is  completely  deprived 
of  its  vitahty  and  has  to  be  cast  off  as  a  slough  by  ulceration  before  the  process 
of  repair  can  commence  ;  incised  wounds  with  loss  of  so  much  substance  that 
it  is  impossible  to  bring  the  surfaces  into  apposition,  as  after  the  removal  of 
malignant  tumours,  and  Avounds  through  which  some  secretion  flows,  as  in 
lithotomy.  Poisoned  wounds  also  must  unite  in  the  same  way,  as  they  are 
accompanied  by  a  persistent  and  often  spreading  inflammation  due  to  the 
virus  with  which  they  are  infected.  The  raw  surfaces  following  burns  and 
scalds,  and  the  cavities  left  after  removal  of  dead  bone  are  repaired  by  the 
same  process. 

Union  by  granulation,  although  apparently  differing  so  widely  from  that  by 
the  first  intention,  is  in  reality  accomplished  by  the  same  processes  modified 
according  to  the  altered  circumstances  of  the  injured  part.  In  union  by  the 
first  intention  we  saw  that  after  the  surftices  of  the  wound  are  brought  into 
apposition  and  put  at  perfect  rest,  every  source  of  irritation  is  absent,  and 
consequently  inflammation  with  its  accompanying  exudation  ceases  as  soon  as 
the  injured  tissues  have  recovered  from  the  state  of  lowered  vitality  into  which 
they  were  thrown  by  the  injury.  In  wounds  which  unite  by  granulation 
there  is  always  some  source  of  irritation  present  which  continues  to  act  for  a 
considerable  time  after  the  injury,  and  thus  gives  rise  to  a  prolongation  of  the 
inflammatory  process  with  the  formation  of  pus.  Thus,  in  a  simple  open 
wound  with  loss  of  substance,  the  raw  surface  is  exposed  to  the  influence  of 
cold  air,  to  the  mechanical  irritation  of  the  dressings  and  to  the  chemical 
irritation  of  antiseptic  solutions  in  some  cases  and  decomposing  discharges  in 
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others.  In  poisoned  wounds  the  specific  virus  with  which  they  are  infected 
maintains  tlic  inflammatory  process.  In  cases  of  contused  and  lacerated 
wounds,  or  in  burns  and  scalds,  the  dead  tissue  serves  as  the  som'ce  of  pro- 
longed irritation  until  it  is  separated  by  ulceration  and  thrown  off. 

The  process  of  union  by  the  second  intention  is  followed  most  easily  in  the  case 
of  a  simple  wound  with  loss  of  substance  so  extensive  as  to  render  the  approxi- 
mation of  the  surfaces  impossible.  The  haemorrhage  in  such  a  wound  is 
arrested  in  the  same  way  as  has  already  been  described  in  treating  of  union  by 
the  first  intention,  and  the  same  process  of  exudation  takes  place.  The  liquor 
sanguinis  coagulates  on  the  raw  surface,  the  serum  drains  away,  and  the 
fibrin  remains  behind  entangling  the  migrating  white  blood-corpuscles  in  its 
meshes.  In  union  by  first  intention,  as  we  have  seen,  the  exudation  ceases  in 
a  few  hours,  as  the  tissues,  not  having  been  injured  to  such  an  extent  as  to 
destroy  their  vitality  and  being  protected  from  every  som-ce  of  irritation, 
speedily  return  to  their  normal  state.  In  such  a  wound  as  we  are  considering, 
however,  the  raw  surface  must  necessarily  be  in  contact  with  some  foreign 
material,  and  is  thus  exposed  to  a  persistent  source  of  irritation  in  consequence 
of  which  the  exudation  continues  ;  the  migrating  cells  accumulate  on  the 
surface,  forming  a  layer  of  considerable  thickness,  and  infiltrate  the  tissues 
beneath,  destroying  and  taking  the  place  of  the  superficial  parts  which  have 
suffered  most  severely  from  the  injury  and  the  subsequent  sources  of  irritation. 
The  superficial  cells  of  the  layer  thus  formed  being  exposed  necessarily  to  in- 
jurious influences,  such  as  the  contact  of  foreign  bodies,  the  irritation  of  anti- 
septic dressings,  or  of  decomposing  discharges,  &c.,  perish,  become  granular, 
lose  their  adhesion  to  each  other  and  float  away  as  pus-cells  in  the  serous 
discharge.  In  the  pus  that  is  thus  formed  on  the  surface  of  the  sore,  some 
fi'eshly  migrated  white  corpuscles  still  manifesting  the  characteristic  amoeboid 
movements  will  always  be  found.  While  this  process  of  i^us-formation  is 
taking  place  on  the  surface,  development  of  new  vessels,  by  the  process  already 
described  under  union  by  first  intention,  is  taking  jDlace  in  the  layers  beneath, 
and  at  the  same  time  there  is  an  active  cell-growth  which  more  than  com- 
pensates for  any  loss  that  may  be  taking  place  fi'om  the  surface  in  the  forma- 
tion of  pus,  and  the  loss  of  substance  which  resulted  from  the  original 
injury  is  gradually  repaired.  We  have  thus  developed  an  actively  growing 
layer  of  granulation-tissue,  that  is  to  say,  of  a  tissue  composed  of  small  round 
cells  adhering  to  each  other  by  a  homogeneous  intercellular  substance,  and 
tra^'ersed  by  an  abundant  system  of  thin-walled  capillary  vessels.  In  a  super- 
ficial granulating  sore  the  vessels  form  loops  the  convex  sides  of  which 
are  directed  towards  the  surface.  The  same  differences  of  opinion  exist  as  to 
the  origin  of  the  new  cells  which  appear  in  the  process  of  heahng  by  second 
intention,  as  have  been  already  pointed  out  as  existing  with  regard  to  the  same 
process  in  union  by  the  first  intention.  In  whatever  way,  however,  the  cells  are 
formed,  this  inuch  is  certain,  that "  granulation-tissue  "  is  a  true  tissue,  resembling 
embryonic  tissue  in  its  power  of  growth,  by  which  it  fills  up  the  gap  left  by 
the  loss  of  substance  or  formed  by  the  gaping  of  the  surfaces  of  a  wound  in 
which  union  by  first  intention  has  failed  to  take  place.  Like  any  other  tissue, 
"  granulation- tissue  "  is  capable  of  suffering  from  inflammation  if  exposed  to 
injurious  influences.  If  removed  from  every  source  of  irritation,  the  circula- 
tion is  as  active  through  the  new  vessels  as  it  is  in  those  of  the  original 
tissues,  transudation  is  not  in  excess  of  the  requirements  of  nutrition,  and'few, 
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if  any,  of  the  covpiiscular  elements  of  the  blood  escape  throngh  the  vascular 
walls.  The  growth  takes  place  by  the  division  of  the  cells  of  the  granulation- 
tissue,  and  not  by  the  addition  of  migrating  corpuscles  from  the  vessels.  If 
Che  tissue  be  exposed  to  injurious  influences  which  lower  its  vitality,  exudation 
takes  place,  maknig  the  granulations  swollen,  soft  or  cN-en  ocdcmatous,  and  multi- 
tudes of  migrating  cells  find  their  way  to  the  surface  and  lloat  away  with  theserum 


Fig.  102.— Granulating  .sore,  injected.  7i,  a  hair,  ne,  margin  of  sore;  e,  new  epithelium  at  the  edge  of 
the  sore ;  c,  a  ncwly-fonned  vascular  looi) ;  g,  granulation-tissue ;  a,  an  artery ;  v,  a  small  vein  ;  gl, 
sweat-gland. 


as  pus,  mixed  with  the  superficial  granulation -cells  which  have  perished  and 
lost  their  adhesion  to  each  other.  Thus,  when  on  a  raw  surfiice  a  healthy  layer 
of  granulation-tissue  is  formed,  it  is  theoretically  possible  that  the  surface  may 
discharge  no  pus,  only  a  small  quantity  of  serous  fluid  escaping  owing  to  the 
want  of  an  impermeable  epithelial  covering.  In  order  that  this  may  occur,  the 
delicate  cells  of  which  its  surface  is  composed  must  be  protected  from  every 
possible  source  of  irritation,  whether  physical,  mechanical  or  chemical.  Such 
a  condition  it  is  practically  scarcely  possible  to  obtain,  but  experience  of 
modern  methods  of  dressing  has  shown  that  by  proper  treatment  the  quantity 
of  pus  and  the  number  of  corpuscles  it  contains  may  be  greatly  reduced,  and 
the  abundant  discharge  of  thick  creamy  pus  is  no  longer  regarded  as  an 
essential  sign  of  health. 

The  new  granulation- tissue,  formed  by  healthy  growth  without  inflam- 
mation, is  of  considerable  density  and  firmness,  being  capable  of  withstanding 
some  degree  of  mechanical  violence  without  breaking  down.  This  may  be 
observed  on  any  perfectly  healthy,  granulating  sore  by  striking  the  surface 
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with  the  fin((er,  when  it  will  be  found  to  stand  quite  a  severe  blow  without 
rupture  of  its  vessels.  On  the  other  hand,  ^vhen  it  is  swollen  by  inflammatory 
exudation  a  very  slig'ht  degree  of  violence  suffices  to  disintegrate  its  structure. 
In  fact,  it  may  be  laid  do-RTi  as  a  rule,  that  granulation-tissue  is  soft  in 
direct  proportion  to  the  amount  of  irritation  to  which  it  is  exposed;  and  as 
the  repair  of  every  injury  accompanied  by  solution  of  continuity,  whether 
sub-cutaneous  or  superficial,  is  accomplished  through  the  medium  of  granula- 
tion-tissue, the  importance  of  bearing  this  in  mind  is  A'ery  great. 

The  subsequent  development  of  granulation-tissue  into  the  fibrous  tissue  of 
the  scar  differs  in  no  respect  fi'om  that  already  described  under  union  by  the 
first  intention.  In  union  by  the  second  intention,  however,  the  effects  of  the 
contraction  that  accompanies  the  process  are  proportionately  more  marked  as 
the  quantity  and  extent  of  granulation-tissue  is  greater.  The  amount  of  the 
contraction  varies  with  the  size  of  the  sore  and  the  looseness  of  the  structures 
in  which  it  is  seated.  Thus  the  scar  left  by  a  sore  the  size  of  a  half-crown  on 
the  scrotum  might  be  little  more  than  a  quarter  of  an  inch  in  diameter,  while 
on  the  face  it  would  probably  be  about  the  size  of  a  sixpence,  and  on  the  thigh, 
where  there  is  little  skin  to  spare,  it  would  be  about  the  diameter  of  a  shilling. 
The  fearful  deformity  produced  by  the  contraction  of  extensive  granulating 
surfaces  in  the  process  of  heahug  is  best  seen  after  burns  and  scalds.  This 
process  of  contraction  is  an  essential  part  of  healing — no  mode  of  treatment 
can  prevent  it  ;  and  if  fi-om  any  cause,  such  as  want  of  skin  or  adhesion  to 
bone,  contraction  is  not  possible,  the  sore  ceases  to  heal. 

The  skinning  over  of  the  surface  of  the  sore  with  new  epithelium  is  accom- 
plished by  means  of  multiplication  of  the  cells  at  the  margin  of  the  sore.  New 
epithelium  forms  from  pre-existing  epithelium  only,  and  there  is  no  reason 
whatever  to  believe  that  the  granulation-cells  can  develope  into  ej^ithelial 
scales. 

A  scar  when  fully  formed  is  composed  of  dense  white  fibrous  tissue,  con- 
taining few  blood-vessels  and  no  lymphatics.  It  is  very  imperfectly  suppHed 
with  nerves,  and  they  may  be  entirely  wanting.  The  surface  is  smooth,  and 
devoid  of  papilla?,  sweat-glands,  or  hair-follicles. 

In  cases  in  which  a  slough  has  to  be  separated  before  repair  can  commence, 
this  is  accomplished  by  the  process  described  under  ulceration  (see  p.  255). 

The  clinical  phenomena  that  attend  the  process  above  described  are  as 
follows.  Supposing  the  case  to  be  one  of  simple  loss  of  substance  produced  by 
a  sharp  cutting  instrument,  the  raw  surface,  after  bleeding  has  ceased,  continues 
to  discharge  a  quantity  of  serum,  at  first  tinged  with  blood,  but'  gradually 
becoming  colourless ;  at  the  same  time  a  glaze  is  seen  to  form,  due  to  the 
plastic  exudation  adhering  to  the  surface  of  the  wound.  The  healthy  skin 
around  the  wound  becomes  redder  than  natural,  the  blush  gradually  f^idin*!" 
away  as  we  recede  fi-om  the  wound.  But  little  further  change  is  observed  in 
the  surface  of  the  wound  till  the  end  of  the  second  or  third  day  ;  by  this  time 
it  is  distinctly  redder  ;  by  the  third  or  fourth  day,  florid  red  spots  begin  to 
form  here  and  there,  and  the  discharge  becomes  distinctly  pm'ulent.  Gradually 
the  red  spots  coalesce,  and  the  surface  becomes  covered  by  the  fifth  or  sixth 
day  with  a  uniform,  highly  vascular  layer  of  florid-red  granulation-tissue. 
The  surface  now  is  no  longer  smooth,  the  new  cells  being  formed  around  the 
vascular  loops  in  little  heaps,  which  give  it  the  granular  appearance,  which 
has  obtamed  for  the  new  tissue  the  name  of  "  granulation-tissue." 
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A  typically  healthy  granulating  surface  presents  the  following  characteristic 
features.  The  separate  granulations  are  about  the  size  of  split  mustard- 
seeds  ;  they  are  uniform  in  size,  and  of  a  florid  red  colour ;  they  will  stand 
a  smart  blow  without  bleeding,  and,  being  devoid  of  ner\  es,  are  perfectly  free 
from  sensibility.  The  surftice  of  the  sore  is  very  slightly  depressed  beloAV  that 
of  the  surrounding  skin.  The  base  of  the  sore  is  soft.  The  edges  shelve 
gradually  down  into  the  surface,  and,  if  healing  is  taking  place,  the  new 
gi'owing  epithelium  can  be  seen  spreading  o\er  the  surface  of  the  granula- 
tions, and  giving  rise  to  three  zones  of  different  colour.  Most  internally  is  a 
dai-k  red  line,  darker  than  the  neighbouring  granulations.  This  is  due  to 
some  slightly  increased  vascularity  beneath  the  growing  epithelium,  and  to 
the  presence  of  a  very  thin  layer  of  perfectly  transparent  new  epithelium- 
cells  covering  the  granulation-tissue.  That  this  is  so  can  be  shown  by  care- 
fully drying  the  surface,  and  watching  it  for  a  few  seconds  ;  the  uncovered 
granulations  become  moist  again  almost  immediately,  while  the  red  line 
remains  dry.  Outside  the  red  line  is  a  blue  line,  resulting  from  the  presence 
of  a  thicker  layer  of  epithelium,  seen  through  which  the  red  granulations 
assume  a  bluish  tint.  Outside  this  again  is  an  opaque  white  line,  in  which 
the  new  epithelium  has  been  formed  in  sufficient  quantity  to  be  opaque  w^hen 
sodden  by  the  discharges  from  the  sore.  The  discharge  varies  with  the  mode 
of  dressing.  If  some  slightly  irritant  lotion  or  dressing  be  applied,  thick 
creamy  pus  is  poured  out  ft'om  the  surface  ;  if  some  non-irritating  dressing 
be  applied,  thin  serous  fluid  flows  away,  made  more  or  less  turbid  by  the 
presence  of  a  few  pus-cells. '  A  gi'anulatiug  sore  may  present  a  perfectly 
healthy  appearance  with  both  conditions  of  discharge,  but  it  wall  be  usually 
found  that  the  red  line  of  new  growing  epithelium  is  much  wider  in  those 
cases  in  wdiich  the  dressing  is  least  irritating,  as  under  other  conditions  many 
of  the  young  epithelium-cells  perish  aud  mingle  with  the  pus-cells  in  the 
discharge. 

The  constitutional  symptoms  that  attend  union  by  the  second  intention  will 
vary  much.  The  separation  of  a  slough  will  in  all  cases  be  attended  by  some 
febrile  disturbance  if  the  dead  tissue  be  allowed  to  putrefy  ;  by  antiseptic  treat- 
ment, however,  this  may  be  entirely  prevented,  and  union  by  the  second 
intention  may  be  accompanied  by  as  little  constitutional  disturbance  as  that 
by  the  first  intention.  In  cases  in  which  no  antiseptic  precautions  are 
observed,  the  febrile  disturbance  due  to  the  absorption  of  the  products  of  putre- 
faction commences  on  the  second  day  after  the  injury,  and  reaches  its  maximum 
by  the  third  or  fourth.  By  this  time  the  lymph-spaces  are  becoming  filled 
with  the  plastic  exudation  and  absorption  is  conse(picntly  limited.  When  the 
slough  is  separated  and  the  gi-anulating  surface  is  formed — that  is  to  say,  by 
about  the  sixth  to  the  tenth  day — the  fever  disappears ;  as  healthy  granulations, 
being  devoid  of  lymiAatics,  form  a  barrier  to  the  absorption  of  septic  matter 
unless  it  is  pent  up  in  contact  with  them  at  some  degree  of  pressure. 

The  changes  taking  place  in  a  cicatrix,  do  not  cease  with  its  formation.  In 
most  cases  the  contraction  of  the  scar  does  not  attain  its  maximum  until  long 
after  the  completion  of  superficial  cicatrization,  and  this  may  occasion  great 
puckering  and  deformity.  The  amount  of  contraction  of  a  scar  is  dependent 
solely  on  the  size  of  the  original  ]-aw  surface  and  on  the  laxity  of  the  tissue  in 
which  it  is  seated.  There  is  not  an  atom  of  evidence  to  justify  the  assertion  so 
commonly  made  that  the  scars  resulting  from  the  healing  of  sores  produced  by 
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acid  caustics  and  burns  contract  more  than  those  following-  the  action  of 
alkaline  caustics  or  superficial  wounds.  A  circular  scar  round  a  tubular  organ 
or  excretory  duct,  as  in  the  intestine,  oesophagus,  or  urethra  leads  to  narrowing 
or  stricture  of  tlic  canal,  and  many  of  the  worst  oesophageal  strictures  result 
from  the  accidental  swallowing  of  caustic  alkaline  fluids.  These  strictures  in 
most  cases  gradually  become  narrower  as  time  goes  on,  the  process  of  con- 
traction continuing  long  after  the  sore  has  healed. 

Further  changes  arc  wrought  by  time  in  the  texture  of  a  cicatrix.  In  the 
first  place,  its  tissue  assimilates  more  and  more  to  the  normal  structure  of  the 
part ;  and  secondly,  its  deep  attachments  become  more  movable.  When  a  scar 
is  first  formed,  it  is  thin,  reddish,  or  bluish  and  shining,  being  composed  of 
imperfectly  developed  fibrous  tissue,  covered  by  a  thin  epidermic  layer. 
As  it  becomes  older,  it  assumes  a  dead-white  colour,  and  becomes  depressed, 
and  gradually,  but  slowly,  many  years  being  perhaps  required  for  the  change, 
it  "  wears  out  ;  "  that  is  to  say,  its  structure  more  closely  resembles  that  of 
the  texture  of  the  part  in  which  it  is  seated.  It  never,  however,  becomes 
developed  into  true  skin,  as  neither  sebaceous  nor  sudoriferous  glands  nor  hair 
form  in  it. 

Coincidently  with  these  changes,  the  scar  loosens  its  deep  attachments,  so 
that  it  can  be  moved  more  freely  upon  subjacent  parts.  It  is  a  long  time 
before  the  scar  attains  the  vitality  of  the  older  structures,  if  ever  it  do  so  com- 
pletely ;  and  the  larger  it  is,  the  less  its  power  will  usually  be.  Under  the 
influence  of  scurvy  or  syphilis,  an  old  scar  is  apt  to  open  up  again  ;  so  also,  if 
a  fi'esh  ulcer  be  formed  on  the  old  cicatrix,  it  will  take  a  longer  time  to  heal 
than  the  original  one. 

5.  Union  by  Secondary  Adhesion. — It  not  nnfrequently  happens  that, 
although  granulations  spring  up  over  the  sides  of  a  wound,  union  between  the 
opposed  surfaces  does  not  take  place.  We  endeavour  to  accomphsh  this  by 
bringing  the  granulating  sides  together,  and  retaining  them  in  that  position, 
when  they  will  cohere  ;  this  constitutes  union  by  "  Secondary  Adhesmi.'"  In 
some  amputations,  and  in  many  plastic  operations,  cases  of  hare-hp,  cleft- 
palate,  &c.,  union  is  occasionally  brought  about  in  this  manner. 

The  conditions  necessary  for  this  mode  of  union  are,  1st,  that  the  granulat- 
ing surfaces  shall  be  perfectly  healthy  ;  2nd,  that  they  shall  be  smooth,  so  that 
they  can  be  brought  evenly  into  apposition  without  leaving  cavities  between 
them  in  which  pus  may  accumulate  ;  and  3rd,  that  after  they  are  brought 
together  they  shall  be  kept  at  perfect  rest. 

On  considering  the  five  methods  of  union  m  wounds  just  described,  it  is 
at  once  evident  that  tlie  Surgeon's  best  endeavours  should  be  directed  towards 
procuring  healing  by  the  first  intention,  wherever  practicable.  The  patient  is 
not  only  spared  the  drain  of  a  more  or  less  prolonged  suppuration,  with  its 
attendant  waste  of  new  tissue-elements,  elaborated  at  the  expense  of  his  vital 
powers,  but  he  is  saved  also  from  the  dangers  to  life  that  must  always  be 
associated  with  an  open  wound. 

Circumstances  Affecting  the  Healincj  Procoss.~l\\  concluding  this  general 
description  of  the  process  of  union  of  wounds,  it  will,  perhaps,  be  well  to 
recah  briefly  some  of  the  conditions  essential  to  rapid  and  certain  healing.  In 
the  first  place,  two  conditions  are  absolutely  essential,  perfect  rest  and  perfect 
drainage.  No  wound  can  possibly  heal  by  the  first  intention  if  its  surfaces 
are  frequently  rubbed  against  each  other,  either  by  the  movements  of  the 
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injured  part  or  by  the  clumsiness  of  the  Surgeon  in  changing  the  dressings  ; 
nor  can  early  union  possibly  occur  if  the  surfaces  are  separated  from  each 
other  by  pent-up  serous  discharge.  The  third  great  source  of  irritation  to 
•which  wounds  are  exposed,  is  the  presence  of  decomposing  matter  between 
their  surfiices.  In  order  that  this  should  occur,  it  is  hardly  necessary  to  say 
that  there  must  be  some  dead  matter  there  to  decompose  ;  living  tissues  do 
not  putrefy,  and  amongst  living  tissues  must  be  reckoned  the  plastic  exudation 
that  glazes  a  wound,  and  forms  the  preliminary  bond  of  union.  On  the  other 
hand  the  serous  discharge  which  is  poured  out  in  the  first  twenty-four  hours  is 
highly  decomposable.  A  perfectly-drained  wouud  with  no  foreign  body  in  it 
contains  practically  nothing  capable  of  decomposing,  and  if  we  could  always 
guarantee  that  a  wound  should  be  in  this  state,  no  antiseptic  treatment  would 
ever  be  necessary.  Unfortunately  this  is  not  the  case  ;  and,  therefore,  some 
form  of  antiseptic  treatment  undoubtedly  gives  an  additional  certainty  in  the 
treatment  of  wounds,  more  especially  those  with  cavities  such  as  compound 
fractures. 

Lastly,  union  may  be  prevented  by  the  introduction  of  the  specific  poison  of 
some  infective,  spreading  inflammation  as  in  some  forms  of  septicaemia,  in 
erysipelas  or  hospital  gangrene.  That  these  poisons  are  generated  in  filth, 
and  arc  destroyed  by  many  antiseptics,  may  be  considered  as  beyond  a  doubt ; 
and  this  forms  an  additional  reason  for  the  habitual  employment  of  these 
agents.  The  use  of  antiseptics  cannot  make  any  wound  do  better  than  heal 
by  first  intention,  a  result  obtained  with  great  frequency  in  all  well -drained 
wounds  kept  at  perfect  rest  in  healthy  subjects  ;  but  it  can,  and  does  prevent 
the  evil  consequences  that  may  result  fi-om  some  accidental  failure  in  drain- 
age, and  thus  has  tended  greatly  to  improve  the  average  results  of  the 
treatment  of  wounds.  There  are  other  circumstances,  apart  from  the  local 
conditions  with  which  we  have  hitherto  dealt,  that  are  not  without  influence 
on  the  processes  of  repair  in  wounds  :  the  age,  temperament,  previous  state  of 
health  and  constitution  of  the  patient,  his  occupation  and  usual  mode  of  life, 
the  situation  in  which  he  is  placed  after  the  receipt  of  the  injury,  and  many 
other  matters,  must  all  more  or  less  affect  the  result.  The  scrofulous  or 
scorbutic  diathesis,  or  the  presence  of  amyloid  degeneration  of  the  liver,  or 
disease  of  the  kidneys,  &c.,  must  always  militate  against  rapidity  and  perfection 
of  cure.  Habits  of  intemperance  and  over-indulgence,  privation,  exposure, 
bad  sanitary  and  hygienic  conditions,  are  all  alike  antagonistic  to  reparative 
action.  These  are  points  to  which  the  Surgeon's  attention  must  be  directed, 
with  the  view  of  counteracting  them  as  far  as  lies  in  his  power  by  appropriate 
precautions  and  treatment. 
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CONSTITUTIONAL  EFFECTS  OF  INJURY. 

An  injury  to  any  part  of  the  body,  in  whatever  way  inflicted,  is  necessarily 
the  direct  cause  of  local  effects  of  a  more  or  less  serious  character.  But 
besides,  and  as  the  consequence  of  these,  it  occasions  constitutional  pheno- 
mena. These  we  shall  first  consider,  and  afterwards  proceed  to  the  discussion 
of  the  local  efiects  of  injury. 

The  Constitutional  Phenomena  resulting  from  injury  are  of  two  kiuds — 
Immediate  and  Remote. 

The  more  Immediate  Constitutional  effects  of  injury  consist  of  Shock,  fol- 
lowed by  Traumatic  Fever  and  Delirium.  These  we  shall  first  consider.  The 
more  Remote  Constitutional  conditions  are  of  two  kinds — those  affecting  the 
Nervous  System,  as  Tetanus  ;  and  those  infecting  the  Blood  through  the 
medium  of  the  wound,  as  Pyaemia,  Septicaemia,  &c.  These  will  be  treated  of 
subsequently. 

The  effect  of  an  injury  will  be  greatly  modified,  according  to  the  condition 
of  the  patient  at  the  time  of  its  receipt,  and  the  circumstances  in  which  he  is  ■ 
placed  afterwards.    The  remarks  made  at  page  5,  in  reference  to  the  condi-  • 
tions  that  influence  the  results  of  operations,  are  equally  applicable  to  those  • 
forms  of  surgical  injury  that  are  the  result  of  accident,  and  not  inflicted  by 
the  Surgeon's  knife  :  and  to  these  I  would  refer  the  reader. 

SHOCK. 

Shock  is  a  disturbance  of  the  functions  of  the  nervous  system,  whereby  ■ 
the  harmony  of  action  of  the  great  nervous  centres,  more  especially  of  the . 
sympathetic  ganglia,  and  through  them  of  the  various  organs  of  the  body,  . 
becomes  deranged. 

Symptoms. — The  symptoms  of  shock  necessarily  vary  according  to  the 
severity  of  the  injury,  the  importance  of  the  part  injured,  and  the  nervous  >! 
susceptibility  of  the  sufferer. 

When  the  injury  is  not  very  severe,  does  not  implicate  important  parts,  or 
occurs  in  an  individual  of  strong  nerve,  the  symptoms  are  slight  and  passing. 
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A  momentaiy  confusion,  giddiness,  and  pallor,  Avith  tumultuous  action  of  the 
heart,  and  a  catch  in  the  breath,  may  be  observed.  These  symptoms  speedily 
pass  oft',  and  are  followed  by  no  other  effect  than  a  feeling  of  depression, 
physical  and  mental. 

But  if  the  injury  be  very  severe,  if  it  affect  a  vital  part,  or  if  the  sufferer 
be  of  unduly  nervous  susceptibility,  the  phenomena  are  much  more  marked. 

In  such  cases,  the  sufferer  becomes  pale,  cold,  faint,  and  trembling;  the 
pulse  is  small  and  fluttering  ;  there  is  great  mental  depression  and  dis- 
quietude, the  disturbed  state  of  mind  revealing  itself  in  the  countenance, 
and  in  feebleness  or  incoherence  of  speech  and  thought ;  the  surface  becomes 
covered  with  a  cold  sweat ;  there  is  nausea,  and  perhaps  vomiting,  and 
relaxation  of  the  sphincters.  In  severe  shock,  the  temperature,  according  to 
Furneanx  Jordan,  falls  to  about  97°  Fahr.  in  the  adult.  In  the  young,  the 
fall  is  less  ;  in  the  aged,  it  is  greater.  I  have  several  times  found  it  below 
95°  Fahr.  in  the  mouth  and  the  axilla.  Wagstafte  has  met  with  cases  in  which 
recovery  followed  a  fall  of  temperature  amounting  to  four  degrees.  In  fatal 
cases  there  may  be  a  fall  of  as  much  as  six  degi'ees.  These  symptoms  com- 
monly set  in  immediately  on  the  receipt  of  the  injuiy.  In  some  cases,  how- 
ever, there  is  an  appreciable  interval  of  time  between  the  infliction  of  the 
injury  and  the  appearance  of  the  shock  ;  this  is  more  particularly  the  case  in 
persons  of  great  mental  fortitude,  or  whose  minds  are  actively  engaged  at  the 
moment  of  the  receipt  of  an  injury.  The  condition  of  shock  lasts  for  a 
variable  period,  its  duration  depending  on  the  severity  and  seat  of  the  injury, 
on  the  nervous  susceptibility  of  the  patient,  and  on  the  state  of  his  mind  at 
the  time. 

On  recovery  from  the  immediate  and  depressing  effects  of  shock,  secondary 
phenomena  of  various  kinds  frequently  present  themselves.  These  are  chiefly 
such  as  arise  from  lesion  of  the  sympathetic  system  of  nerves,  and  consequent 
disturbance  of  its  vaso-motor  action.  Various  functional  derangements  of  the 
brain  and  spinal  cord  often  manifest  themselves  ;  amongst  these,  headache, 
sleeplessness,  diminution  of  mental  power,  and  chorea,  are  the  most  common. 
Tumultuous  action  of  the  heart,  panting  and  dyspnoea  under  exertion,  con- 
gestion of  the  abdominal  viscera,  and  in  some  cases  hasmorrhages  fi'om  the 
intestines,  are  also  amongst  the  more  common  secondary  phenomena  of  severe 
shock,  and  more  remotely  we  find  venous  thrombosis.  The  depression  of 
temperature  consequent  on  severe  nervous  shock  may  last  for  a  very  great 
length  of  time.  I  have  often  seen  persons  who  have  sustained  a  severe  shock 
in  a  railway  collision  have  a  surftice-temperature  from  2°  to  3°  Fahr,  below 
normal  for  many  months  after  the  accident.  During  the  whole  of  this  period 
the  mind  and  nervous  system  continue  in  a  weakened  state. 

Causes. — The  most  severe  forms  of  shock  are  those  that  arise  from  gun- 
shot-wounds and  railway-collisions.  The  severely  and  deeply  penetrating 
character  of  the  injuries  in  the  one  case,  and  the  suddenness  of  their  occur- 
rence, with  the  terror  inspired  by  them,  in  the  other,  explain  the  severity  of 
their  effects  on  the  nervous  system  of  the  suff'erer.  Shock  is  partly  due  to 
mental,  partly  to  purely  physical  causes.  Its  severity  and  continuance  are 
thus  materially  influenced  by  the  moral  condition  of  the  patient,  and  by  the 
degree  and  nature  of  his  injury. 

In  persons  of  a  very  timid  character,  or  of  gi'eat  nervous  susceptibility — 
those  who  are  liable  to  the  occurrence  of  syncope — more  especially  in  females. 
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a  very  trivial  injury  may  produce  an  extreme  degree  of  shock  to  the  nervous 
system  ;  indeed,  the  mere  apprehension  of  injury  may,  without  the  occurrence 
of  any  physical  lesion,  give  rise  to  all  the  phenomena  of  shock  in  its  most 
intense  degree.  People  have  been  actually  frightened  to  death,  without  any 
injury  having  been  inflicted  upon  them.  The  state  of  miud  at  the  time  of 
the  receipt  of  the  injury,  influences  materially  its  effects  on  the  nervous 
system.  If  the  patient  be  anxiously  watching  for  the  infliction  of  a  wound, 
as  waiting  for  the  iirst  incision  in  a  surgical  operation,  all  the  attention  is 
concentrated  upon  the  coming  pain  ;  it  is  severely  felt,  and  the  consequent 
shock  to  the  system  is  unusuaUy  great.  If,  on  the  other  hand,  the  attention 
be  diverted — if,  as  in  the  hour  of  battle,  the  feelmgs  be  roused  to  the  highest 
pitch,  and  the  mind  in  a  state  of  intense  excitement — a  severe  injury  may  be 
inflicted,  and  the  patient  may  be  entirely  unconscious  of  it,  feeling  no  pain, 
and  experiencing  no  shock,  perhaps  not  knowing  that  he  is  wounded  till  he 
sees  his  own  blood.  The  severity  of  shock,  when  the  brain  or  spinal  cord  is 
not  directly  injured,  is  in  a  great  measure  proportionate  to  the  degree  of  pain 
attendant  upon  an  injury.  And,  as  sensibility  to  pain  varies  greatly  in  diffe- 
rent individuals,  so  will  the  attendant  shock  be  greater  in  some  than  in  others. 
The  sensibility  of  different  individuals  varies  much,  and  is  greatly  dependent 
on  occupation,  sex,  and  temperament.  Men  who  live  hardy  out-door  lives  are 
less  sensitive  to  pain  than  those  who  follow  occupations  of  an  opposite  kind. 
The  skin,  which  is  the  main  seat  of  sensibility  in  wounds,  when  hardened  by 
exposure  and  work,  is  less  sensitive  than  when  it  has  been  habitually  protected 
from  such  influences.  The  higher  man  rises  in  the  scale  of  civilisation,  the 
more  acute  does  his  sensibility  to  pain  appear  to  become,  or  possibly  the  less 
well  able  is  he  to  bear  it.  A  savage  probably  suffers  less  than  a  civilised  man 
from  any  given  injury,  and  hence  may  display  more  fortitude.  An  hysterical 
woman  probably  does  not  suffer  more  than  one  with  a  more  healthy  nervous 
system,  but  she  complains  more  loudly,  for  she  has  her  feelings  in  all  things 
less  under  control.  Race  appears  to  exercise  an  influence  on  pain  ;  some  of 
the  native  races  of  India  appear  to  suffer  far  less  than  Europeans  under 
surgical  operations  of  a  similar  kind.  But  there  are  other  conditions  besides 
pain  that  influence  the  severity  of  shock. 

Furneaux  Jordan  has  pointed  out  that  the  functional  activity  of  the  nervous 
system  has  an  important  influence  in  the  production  of  shock.  By  young 
children,  he  observes,  whose  force  is  developmental  rather  than  nervous  or 
muscular,  operations  and  injuries  are  better  borne  than  by  men  in  the  prime 
of  life,  where  aU  organs  and  functions  are  subservient  to  the  exercise  of  nerve- 
force.  And  the  same  occurs  in  persons  worn  by  long-standing  local  disease, 
which  has  lowered  the  manifestations  of  vitality  without  impairing  the  integrity 
of  the  organs  essential  to  life.  "  Shock,"  he  says,  "  is  essentially  a  depression 
or  metamorphosis  of  nerve-force.  Where  nerve-force  is  predominant,  shock 
also  becomes  predominant." 

The  sudden  occurrence  of  a  severe  injury  will,  however,  induce  a  plujsical 
impression  independently  of  any  mental  emotion  or  moral  influence.  Thus  if 
a  limb  of  one  of  the  lower  animals,  as  of  a  frog,  be  suddenly  crushed  by  the 
blow  of  a  hammer,  the  force  and  frequency  of  the  heart's  action  immediately- 
become  considerably  lessened.  Here  there  can  be  no  mental  impression.  So  in 
man,  it  is  found  that  the  severity  and  the  continuance  of  the  shock  are  usually 
proportionate  to  the  severity  of  the  injury,  either  from  its  extent  or  from  the 
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importance  of  the  part  wounded.  Thus,  if  the  whole  of  a  h"nib  be  torn  away 
by  a  cannon-shot,  or  crushed  by  a  railway  train,  the  shock  will  be  severe  from 
the  extent  of  the  mutilation,  though  the  part  injured  be  not  innnediately 
iiecessaiy  to  life  ;  whilst,  on  the  other  hand,  if  a  man  be  shot  by  a  pistol-bullet 
through  the  abdomen,  though  the  extent  of  the  injury  be  trifling,  and  merely 
a  few  drops  of  blood  escape,  yet  the  shock  to  the  system  will  be  severe,  owing 
to  the  importance  in  the  economy  of  the  jmrt  injured.  The  Surgeon  not 
unfrequently  employs  this  fact  as  an  accessory  means  of  diagnosis.  Thus,  if  a 
man  break  his  leg,  and  at  the  same  time  strike  his  abdomen,  and  the  shock  be 
very  serious  and  long  continued,  without  sign  of  rallying,  the  probability  is 
that  some  severe  injury  has  been  inflicted  upon  an  internal  organ  ;  injury  of 
the  viscera  occasioning  more  severe  and  continued  shock  than  a  wound  of  a 
less  vital  part. 

In  extreme  cases  the  depression  of  power  characterizing  shock  may  be  so 
great  as  to  terminate  in  death.  Jordan  describes  two  kinds  of  death  from 
syncope,  as  being  produced  by  shock.  In  cases  where  the  imj^ression  is  sudden 
and  violent,  the  heart  is  contracted  and  empty,  or  nearly  so.  More  frequently, 
however,  there  is  a  sudden  arrest  of  the  contractile  power  of  the  heart,  and  its 
cavities  contain  more  or  less  partially  coagulated  blood.  In  the  great  majority 
of  instances,  however,  reaction  comes  on,  and  the  disturbed  balance  in  the 
system  is  gradually  restored.  Not  unfrequently  the  reaction  runs  beyond  the 
limits  necessary  for  tliis,  and  a  febrile  state  is  induced,  the  traumatic  fever, 
which  will  be  presently  described. 

Shock  must  not  be  confounded  with  the  efiects  of  concussion  of  the  brain, 
nor  with  the  syncope  that  results  from  loss  of  blood.    It  may  be  associated 
with,  and  its  intensity  materially  increased  by  one  or  both  of  these  conditions; 
but  it  commonly  occurs  independently  of  either.    It  is  due  to  the  impression 
produced  on  the  nervous  centres  by  the  violent  afferent  impulse  caused  by  the 
injury  to  the  peripheral  nerves  during  the  accident.    The  exhaustion  of  the 
nervous  centres  thus  induced  is  shown  by  the  general  state  of  muscular 
relaxation,  the  loss  of  tone  throughout  the  vascular  system,  the  feeble  action 
of  the  heart,  and  the  state  of  semi-unconsciousness  into  which  tlie  patient  is 
thrown.    The  general  relaxation  of  the  vessels  throughout  the  body  thus 
occurring  simultaneously  with  an  extremely  feeble  action  of  the  heart,  leads  to 
an  accumulation  of  blood,  Avith  partial  stagnation  in  those  parts  of  the 
vascular  system  which  are  most  dilatable.    This  is  especially  marked  in  the 
veins  of  the  abdominal  cavity.    The  lungs  are  also  frequently  gorged  with 
blood.    The  abstraction  of  so  large  a  portion  of  the  blood  from  the  circulation 
causes  anjeraia  of  other  parts,  and  it  is  thus  that  the  pallor  of  the  skin  and 
the  anaemia  of  the  brain  have  been  explained.    This  theory,  however,  though 
highly  probable,  is  scarcely  yet  definitely  proven. 

Pathological  Appearances. — There  are  no  characteristic  2'>ost  mortem 
appearances  after  death  from  shock.  The  heart,  rarely  contracted,  is  more 
often  found  full  of  blood,  especially  the  right  auricle  and  ventricle,  and  the 
whole  venous  system  is  somewhat  gorged,  unless  the  patient  has  lost  much 
blood  from  the  accident.  The  blood  was  said  by  Hunter  to  remain  fluid  in 
some  cases  of  death  from  shock,  but  this  is  certainly  of  very  rare  occurrence. 
Rigor  mortis  is  usually  well  marked.  The  lungs  are  engorged,  the  abdominal 
viscera  congested,  but  the  brain  is  pale  and  anaemic. 
Treatment. — If  the  shock  be  chiefly  mental,  the  patient  will  usually  rally 
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speedily  on  being  spoken  to  in  a  kind  and  cheering-  manner,  or  on  having 
some  stimnlant  administered.  If  the  shock  be  more  severe,  and  be  the  result 
of  considertTl)le  injur}',  the  patient  should  be  laid  in  the  recumbent  position, 
and  the  injured  piui  arranged  as  comfortably  as  possible  ;  he  should  be 
wrapped  up  in  warm  blankets,  hot  bottles  should  be  applied  to  the  feet,  and 
friction  to  the  hands  and  surface  ;  a  little  warm  tea,  wine,  or  spirits  and 
wat<3r,  may  be  administered,  provided  the  insensibility  be  not  complete  ;  if  it 
be  complete,  the  fluid  should  not  be  gi\-cn,  lest  it  find  its  way  into  the  larynx. 
In  these  circumstances,  ammonia  should  be  applied  to  the  nostrils,  and  a 
stimulating  enema  administered,  or  ten  minims  of  ether  may  be  injected 
h}Tpodermically,  and  repeated  at  intervals  of  about  ten  minutes  if  necessary 
until  the  patient  begins  to  rally.  When  there  is  much  pain  associated  with 
the  shock,  a  fe^v  drops  of  laudanum  may  advantageously  be  given,  or  a  quarter 
of  a  grain  of  morphia  administered  hypodermically.  By  such  treatment  as 
this,  the  energies  of  the  nervous  system  are  gradually  restored. 

Operation  during  Shock. — A  question  of  considerable  importance  fre- 
quently occurs  in  these  cases  ;  viz.,  whether  an  operation  should  be  per- 
formed during  shock.  As  a  general  rule,  it  certainly  should  be  deferred 
until  reaction  comes  on,  as  the  additional  injury  inflicted  by  the  operation 
would  increase  the  depression  under  which  the  patient  is  suffering.  In 
some  cases,  however,  the  presence  of  a  crushed  limb  appears  to  prolong  the 
shock,  and  to  prevent  the  patient  from  rallying,  notwithstanding  the  admi- 
nistration of  stimulants.  In  these  circumstances  the  Surgeon  would  be  justified 
in  operating  before  reaction  came  on.  Here  the  administration  of  ether  is 
extremely  beneficial  :  it  exercises  a  sustaining  influence,  not  only  by  acting  as 
a  stimulant  to  the  nervous  system,  but  by  preventing  the  pain  and  dread  of 
the  operation  from  still  further  depressing  the  vital  energies.  In  these  cases 
of  long-continued  shock,  great  care  is  required  in  ascertaining  that  there  is  no 
internal  injury,  such  as  laceration  of  one  of  the  viscera,  gi^'ing  rise  to  the 
depression,  but  that  the  shock  is  really  and  solely  dependent  upon  the  mangled 
state  of  the  limb. 

After  the  immediate  effects  of  the  shock  have  entirely  passed  away,  we 
must  adopt  means  to  prevent  the  remote  consequences.  With  this  view  com- 
plete rest  of  body  and  repose  of  mind  must  be  enjoined  ;  all  business  must  be 
laid  aside,  and  if  the  season  admits  of  it,  much  time  should  be  spent  in  the 
open  air.  Should  nervous  symptoms  develop,  warm  sea-water  douches  or  a 
sea  voyage  will  be  found  most  beneficial.  In  addition  to  this,  the  patient's 
diet  and  habits  of  life  should  be  carefully  regulated,  over-stimulation  being 
especially  avoided  ;  his  bowels  should  be  kept  freely  open,  and  his  o-eneral 
health  attended  to  on  ordinary  medical  principles. 

TRAUMATIC  FEVER. 

After  the  immediate  eifects  of  shock  have  passed  off,  the  reaction  which 
ensues  may  not  exceed  the  limits  of  health ;  but  more  commonly,  even  thouo-h 
the  shock  may  have  been  but  slight,  a  general  febrile  state  ensues  The  exact 
causes  and  nature  of  the  febrile  condition  that  follows  injuries  and  suro-ical 
operations  has  occupied  the  attention  of  numerous  observers,  amono-st  wdiom 
may  be  mentioned  Billroth,  Bergmann,  and  Lucas-Championiere.  The  results 
of  their  investigations  have  been  to  show  that  there  are  at  least  two  distinct 
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forms  of  febrile  disturbance,  which  were  forraerly  confounded  together  under 
the  name  of  "  traumatic  fever.'*  The  first  of  these,  which  may  be  called  the 
true  traumatic  or  reactionary  fever,  commences  as  soon  as  the  symptoms  of 
shock  disappear.  As  the  patient  rallies  the  thermometer  rises  from  the  sub- 
normal point  to  which  it  had  fallen,  passes  the  normal,  and  gradually  reaches 
one  or  two  degrees  above  the  standard  of  health.  In  the  majority  of  cases  it 
reaches  its  highest  point  on  the  second  day,  and  falls  again  by  the  end  of  the 
third  day  to  the  natural  degree.  It  is  possible  to  observe  this  fever  clearly 
only  in  cases  in  which  the  injury  is  followed  merely  by  the  simple  traumatic 
inflammation  which  is  a  necessary  consequence  of  an  injuiy.  If  decomposi 
tion  of  the  discharges  or  spreading  inflanunation  occurs,  the  simple  traumatic 
fsA-er  is  more  or  less  masked  by  the  septic  or  inflammatory  fever  Avhich 
accompanies  these  conditions.  Sunple  traumatic  fever  is  best  studied,  there- 
fore, in  sub-cutaneous  injuries,  such  as  simple  fractures,  or  severe  bruises  of 
the  soft  parts.  The  exact  cause  of  this  febrile  disturbance  has  not  yet  been 
clearly  settled.  Lucas-Championiere  is  of  opinion  that  we  must  look  for  its 
cause  in  the  nervous  system,  and  certainly  in  some  cases  it  is  difiicult  to 
conceive  any  other  mode  of  origin.  The  most  marked  illustration  of  a  febrile 
conthtion  apparently  of  purely  nervous  origin  is  that  which  follows  concussion 
of  the  brain,  when  there  is  no  reason  to  suspect  any  actual  laceration,  that  is 
to  say,  when  the  insensibility  is  of  short  duration  and  the  recovery  complete. 
In  such  cases  it  will  usually  be  found  that  the  thermometer  rises  to  about 
100°  F.,  and  falls  again  to  the  normal  point  within  twenty-four  or  forty-eight 
hours  of  the  injury. 

In  other  cases  the  early  fever  is  most  probably  produced  by  absorption  of 
the  exudation  that  takes  place  as  the  immediate  result  of  the  injury.  It  has 
been  shown  experimentally  by  Billroth  and  others  that  the  fresh  aseptic  serous 
discharge  from  a  recent  wound  if  injected  into  the  subcutaneous  tissue  or  into 
the  vessels  of  an  animal  causes  febrile  disturbance.  Kohlcr,  Edelberg,  Berg- 
mann,  and  others,  lun'e  also  shown  that  the  expressed  scrum  from  a  fresh  blood- 
clot  possesses  powerful  pjTogenic  properties  which  they  attribute  to  the  blood- 
ferment,  which  it  always  contains  in  considerable  quantities  in  a  free  state.  If 
the  ferment  be  injected  in  large  quantity,  other  symptoms  are  de^'eloped 
resembling  septicaemia,  and  often  associated  with  coagulation  of  blood  in  the 
heart,  or  cardiac  thrombosis. 

In  aseptic  wounds  and  subcutaneous  injuries  we  have  therefore  three  causes 
wliich  may  separately  or  conjointly  produce  the  condition  known  as  "  trau- 
matic fever."  Firstly,  a  nervous  disturbance,  concerning  the  exact  nature  of 
which  it  is  useless  to  speculate  ;  secondly,  the  absorption  of  the  early  exudation 
from  a  fresh  wound ;  and  thirdly,  the  excessive  ferment  contained  in  the 
serum  squeezed  from  a  blood-clot  during  its  contraction. 

Aseptic  Traumatic  Fever  seldom  lasts  beyond  the  fourth  day ;  during 
its  course  the  thermometer  rarely  passes  101°  F.,  and,  as  in  other  febrile  con- 
ditions, the  evening-  is  usually  about  one  degree  above  the  morniug-tempera- 
tm-e.  The  constitutional  disturbance  is  very  slight,  the  patient  himself  being 
often  unconscious  of  any  feeling  of  illness. 

Simple  Inflammatory  Fever  also  may  occur  as  a  consequence  of  a 
wound  should  the  serous  discharge  or  pus  be  pent  up  Avithin  it,  even 
when  decomposition  has  been  prevented ;  for  as  before  stated,  when  treating 
of  the  constitutional  symptoms  of  inflammation,  the  exudation  fluids  that 
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drain  off  from  an  inflamed  part  l)y  the  lymphatics  possess  pyrogenic 
properties. 

Septic  Traumatic  Fever  is  due  to  the  absorption  of  tlic  chemical  products 
of  i)utreniction  irom  the  surface  of  a  wound.  Until  granulations  which  offer 
an  efficient  harrier  to  the  passage  of  septic  matter  have  sprung  up,  the  raw 
surface  left  hy  a  wound  absorbs  it  with  the  greatest  readiness.  It  has  been 
shown  by  experiment  that  salts,  such  as  ferrocyanide  of  potassium,  are  taken 
up  with  great  rapidity,  and  can  be  detected  in  the  urine  within  a  very  short 
time  after  their  ap])lication  to  a  raw  surface  ;  the  rapidity  of  absorption  is 
scarcely  if  at  all  less  from  a  surface  which  has  been  cauterized  with  a  hot  iron, 
but  the  application  of  a  strong  solution  of  chloride  of  zinc  materially  retards, 
or  even  prevents  the  entrance  of  the  salts  into  the  circulation.  The  presence  of 
septic  matter  in  a  wound,  in  addition  to  the  constitutional  disturbance  it  directly 
gi\-es  rise  to,  always  causes  more  or  less  local  inflammation,  the  products  of 
Avhich  no  doubt  aid  in  producing  the  fe^•er.  The  severity  of  septic  traumatic 
fever  is  proportional  to  the  dose  of  the  chemical  products  of  putrefaction  whicU 
enters  the  circulation  ;  consequently  it  will  vary  directly  with  the  amount  of 
septic  matter  present  and  the  size  of  the  womid.  If  the  decomposing  matter 
be  pent  up  at  some  degree  of  pressure,  the  rapidity  of  absorption  will  be 
increased.  Should  the  dose  be  sufficient,  the  patient  may  die  rapidly  from  the 
direct  toxic  effects  of  the  chemical  products  of  putrefaction,  a  condition  which 
will  be  described  as  one  of  the  forms  of  septicaemia.  Between  septic  trau- 
matic fe^'er  and  this,  the  difference  is  only  one  of  degree.  Guided  by  these 
facts,  the  prevention  of  septic  traumatic  fever  can  in  most  cases  be  successfully 
accomplished  :  first,  by  perfect  drainage  of  the  wound,  by  which  the  amount 
of  decomposable  matter  is  reduced  to  a  minimmn  ;  and  secondly,  by  the  employ-^ 
ment  of  those  modes  of  dressing  which  will  absolutely  prevent  the  decompo- 
sition of  such  discharges  as  may  remain  in  contact  with  the  raw  surface. 

Should  septic  fever  occur  it  commences  on  the  second  day,  and  reaches  its 
highest  point  by  the  third  or  fourth.  At  this  time  the  temperature  reaches 
103°  F.  or  104°  F.,  or  even  higher.  It  remains  at  about  the  same  height 
Avith  the  usual  evening-rise  and  morning-fall  till  the  ninth  or  tenth  day,  by 
which  time  granulations  have  sprung  up  throughout  the  wound,  and  the 
absorption  of  septic  matter  ceases  more  or  less  completely  according  to  the 
])erfection  of  the  drainage.  During  the  fever  the  pulse  is  generally  frequent 
in  pro])ortion  to  the  temperature,  the  disturbance  of  appetite  is  great,  there  are 
often  delirium,  especially  at  night,  and  rapid  loss  of  flesh.  The  decline  of  the 
fever,  or  defervescence,  is  sometimes  rapid,  occurring  in  a  period  varying  from 
twenty-four  to  thirty-six  hours  ;  but  should  the  wound  be  one  in  which  perfect 
drainage  is  difficult,  as  in  a  compound  fracture,  decomposing  pus  may  be  still 
pent  up  in  parts  of  the  cavity  at  some  degree  of  pressure,  and  under  these  cir- 
cumstances the  decline  of  the  fever  will  be  much  delayed,  and  the  symptoms 
may  gradually  merge  into  those  of  "  hectic,"  attended  by  the  marked  eveuiug- 
exacerbatious,  the  profuse  sweats,  and  progressive  loss  of  strength. 

TRAUMATIC  DELIRIUM. 

Traumatic  Delirium  not  unfrcquently  occurs  in  cases  of  severe  injury  in 
iudi\-iduals  with  an  irritable  nervous  system,  particularly  in  those  wlio  have 
been  drinking  freely  before  the  accident,  or  who  were  intoxicated  at  the  time 
when  it  occurred.    It  usually  comes  on  about  the  third  or  fourth  day,  but 
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sometimes  earlier  than  tliis  :  and  most  commonlv  declares  itself  dnrine;  the 
night.  It  is  occasionally  met  with  after  operations  in  cases  in  which  there 
has  hcen  a  severe  mental  strain  on  the  part  of  the  patient  previous  to  the 
operation.  In  my  experience  traumatic  delirium  more  frecpiently  follows 
removal  of  the  breast  than  any  other  operation;  more  especially  in  those 
cases  in  which  the  patient  has  long-  suifered  from  and  long  concealed  her 
disease,  and  finally  with  gi-eat  mental  eflbrt  submitted  to  the  operation.  Two 
distinct  types  of  traumatic  delirium  have  been  described,  which  are,  in  fact, 
two  ditfevcnt  diseases,  the  one  inflammalorij,  the  other  nervous. 

In  Inflammatory  Traumatic  Delirium  there  are  a  quick  and  bounding 
pulse,  hot  skin  and  head,  hushed  cheeks,  glistening  eyes,  much  thirst,  and 
high  fever  ;  in  fact,  this  form  is  merely  the  delirium  which  accompanies  the 
febrile  disturbance  consequent  upon  the  absorption  of  the  products  of  septic 
or  infective  inflammations  from  the  wound.  Occasionally  the  patient  is 
violent,  tossing  himself  about  the  bed,  and  moving  the  injured  part  inseusible 
to  or  regardless  of  pain.  i\Iorc  often  there  is  mere  wandering  of  mind  ;  and 
in  mild  cases  the  patient  will  answer  questions  rationally  if  spoken  to.  The 
symptoms  are  most  marked  at  night,  and  diminish  when  the  morning-fall  of 
tem])erature  conmiences  :  they  usually  set  in  on  the  third  day,  and  are  most 
marked  by  the  fourth  or  fifth,  which,  as  before  stated,  is  the  time  at  which 
septic  traumatic  fever  reaches  its  highest  point.  The  Trealmont  of  this  form 
is  best  carried  out  by  the  application  of  ice  to  the  head  ;  the  bowels  must  be 
kept  well  open,  and  the  diet  must  be  light  but  nutritious.  The  use  of  stimu- 
lants must  be  determined  by  the  state  of  the  pulse  ;  Avhen  this  is  very  rapid, 
alcohol  often  diminishes  the  delirium  and  produces  sleep  ;  when  it  is  very  full 
and  bounding  and  the  patient  is  young,  bleeding  from  the  arm  may  occasion- 
ally be  resorted  to,  but  this  is  seldom  required.  The  patient  must  be  care- 
fully watched,  as  there  is  often  a  constant  desire  to  get  out  of  bed.  At  the 
same  time  that  these  measures  are  adopted,  local  means  must  not  be  neglected 
to  subdue  the  inflammation,  and  remove  any  septic  matter  or  pent-up  dis- 
charges which  may  be  gi\'ing  rise  to  the  febrile  disturbance. 

Nervous  Traumatic  Delirium  usually  occurs  in  persons  whose  consti- 
tutions have  been  broken  by  habitual  excess  in  drinking  ;  and  in  fact,  it  is  in 
most  cases,  if  not  always,  an  attack  of  ordinary  delirium  tremens,  induced  by 
the  shock  of  the  accident.  In  some  rare  cases  it  is  preceded  l)y  a  fit  of  an 
epileptiform  character  ;  most  commonly  the  earliest  sign  is  wnnt  of  sleep,  with 
a  restless  nervous  manner.  The  pulse  becomes  quick,  small,  and  irritable; 
the  surface  is  cool,  and  usually  covered  by  a  clammy  offensive  perspiration  ; 
in  cases  uncomplicated  by  an  open  wound  there  is  usually  no  elevation  of 
temperature  ;  should  there  be  fever,  the  gravity  of  the  case  is  greatly  increased. 
The  tongue  is  white  and  furred,  and  there  is  usually,  though  by  no  means 
always,  tremor  both  of  it  and  the  hands.  The  delirium  is  of  a  muttering,  sus- 
pecting character  ;  the  patient  is  often  harassed  by  spectral  illusions,  but  Avill 
answer  rationally  Avhen  spoken  to.  Traumatic  delirium  tremens  is  sometimes 
very  rapidly  fatal.  I  have  known  it  to  destroy  life  in  cases  of  simple  fracture 
in  less  than  twelve  hours.  In  other  cases,  death  takes  place  after  some  days 
from  exhaustion  ;  and  the  fatal  termination  is  occasionally  sudden. 

In  the  Treatment  of  nervous  traumatic  delirium,  the  essential  points  are  to 
obtain  sleep  and  to  keep  up  the  patient's  strength.  The  excessively  foul 
tongue  and  breath  are  sufficient  indication  of  the  necessity  of  administering  a 
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brisk  purgative  at  tlic  commencement  of  the  treatment  ;  in  many  cases  no 
sedatives  will  have  any  effect  till  the  purge  has  acted.  The  motions  brought 
away  by  the  medicine  are  usually  excessively  foul.  The  best  sedatives  are 
bromide  of  potassium,  morphia,  and  hyoseyamus.  The  bromide  may  be  given  in 
twenty-grain  doses,  repeated  every  two  or  three  hours.  jMorphia  may  be 
given  in  quarter-grain  doses,  repeated  at  intervals  of  four  hours,  till  one  grain 
is  reached,  or  till  sleep  is  induced.  The  effect  of  the  drug  must  be  carefully 
watched.  It  is  always  better  to  administer  it  hypodermically  when  possible, 
as  in  some  cases  it  seems  to  be  imi:)erfectly  absorl^ed  from  the  disordered 
stomach.  Hyoseyamus  may  be  administered  in  half-drachm  doses  of  the  tine-  I 
ture,  but  it  is  less  effectual  than  morphia.  Both  morphia  and  hyoseyamus  may  be 
given  in  combination  with  the  bromide.  Hydrate  of  chloral  has  also  frequently 
been  used  ;  but  it  is  not  so  safe  a  drug  as  those  just  mentioned,  as  an  exces- 
sive dose  may  kill  the  patient  suddenly.  The  Surgeon  must  use  his  judgment 
as  to  the  extent  to  which  the  sedatives  may  be  pushed.  If  they  fail  to  act,  it 
is  often  wiser  to  discontinue  them,  than  to  run  the  risk  of  giving  a  poisonous 
dose.  Food  is  even  of  more  importance  than  sedatives  :  so  long  as  the  patient 
can  take  an  abundant  supply  of  good  liquid  nourishment,  there  is  hope  of  his 
recovery.  Solids  must  be  avoided,  as  the  stomach  is  never  in  a  state  to  digest 
them.  If  there  be  much  depression,  it  will  usually  be  advisable  to  administer 
some  stimulant,  that  to  which  the  patient  has  habituated  himself  being  the 
best.  It  is  sometimes  convenient  to  mix  the  sedative  with  the  stimulant.  If 
the  patient  be  strong,  there  is  no  danger  in  cutting  off  all  stimulants,  even  in 
the  case  of  a  confirmed  drunkard.  After  sleep  has  been  induced,  the  (juantity 
of  sedatives  must  be  lessened  ;  but  it  will  often  be  found  necessary  to  continue 
them  for  some  time,  as  there  will  be  a  tendency  to  recurrence  of  the  dehrium 
at  night. 

The  patient  should  if  possible  be  jrat  in  a  room  by  himself,  and  watched  by  • 
a  single  attendant.  If  he  is  violent,  he  should  be  at  once  put  in  a  strait-  - 
waistcoat,  as  it  excites  him  much  less  to  struggle  with  an  inanimate  object, . 
than  with  a  couple  of  men.  When  the  strait-waistcoat  is  firmly  applied, , 
the  attendant  should  keep  out  of  sight  as  much  as  possible  while  watching  r 
him.  If  the  injury  is  a  broken  bone  in  a  limb,  the  injured  part  must  be  fixed  1 
firmly  in  spUnts  well  padded  with  cotton  wool,  and  swung  from  a  cradle  :  ifct 
must  on  no  account  be  fixed  to  the  bed,  for  eveiy  movement  of  the  patient  t 
would  then  grind  the  bones  together,  and  perhaps  render  a  simi)lc  fracture 
compound.  The  patient  seems  absolutely  insensible  to  the  pain  caused  bv 
such  movements. 

These  two  forms  of  traumatic  delirium,  the  inflammatory  and  the  nervous,  i 
are  often  found  more  or  less  conjoined,  and  in  such  cases  the  prognosis  is  J 
always  grave,  as  exhaustion  speedily  sets  in;  stimulants  and  abundant  fluid .« 
nourishment  must  then  be  freely  administered. 

KEMOTE  EFFECTS  OF  INJURY. 

These  may  be  constiiuiional  or  local. 

The  Remote  Constitutional  Effects  of  injuries  are  of  a  very  varied  cha- 
racter. In  some  cases,  persons  who  have  met  with  serious  injury  will  be  found 
to  die  suddenly,  some  montlis  after  ap]3arent  recovery.  In  others,  they  o-radually 
fallout  of  health,  the  nutrition  of  the  body  appearing  to  become  Fmpaired, 
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ana3ini;i  and  a  cachectic  state  suporvening-.  In  other  instances,  again,  the 
functions  of  tlic  nervons  system  become  disturbed  :  convulsive  movements  or 
paralytic  symptoms  of  a  slight  but  persistent  character  eventually  develop 
themselves,  and  may  become  progressive,  terminating  in  organic  disease  of  the 
nervous  centres.  In  these  cases,  the  immediate  influence  exercised  by  the 
injury  on  the  nervous  system  seems  to  pass  off,  Avhile  a  permanent  impression 
is  left.  The  patient  never  completely  recovers  from  the  effects  of  his  injury : 
he  is  never,  to  use  the  common  expression,  "the  same  man  again  ;"  and, 
although  his  health  may  appear  to  improve  from  time  to  time,  yet,  on  close 
inquiry  and  careful  investigation,  it  will  be  found  that  there  has  been  a 
continuous  train  of  symptoms  indicative  of  a  disordered  state  of  the  nervous 
system. 

These  remote  constitutional  effects,  to  which  attention  has  been  directed  by 
vi]i  and  James,  often  do  not  manifest  themselves  for  weeks  or  months 
after  the  infliction  of  the  injury.  Some  change  appears  to  be  induced  in  the 
condition  of  the  blood,  or  in  the  action  of  the  nervous  system,  that  is  incom- 
patible with  health.  Perhaps,  as  Hodgkin  supposes,  the  part  locally  injured 
becomes  incapable  of  proper  nutritive  action,  and  thus  a  morbid  poison  results, 
in  consequence  of  some  peculiar  combination  of  the  chemical  elements  of  the 
part,  by  which  the  whole  system  is  influenced.  Be  this  as  it  may,  the  fact 
remains  certain,  that  chronic  constitutional  disturbance,  serious  illness,  or  even 
sudden  death,  may  supervene,  as  a  result  of  a  local  injury,  a  considerable  time 
after  its  infliction. 

Remote  Local  Effects. — The  possible  remote  local  consequences  of  severe 
injuries  deserve  more  attention  than  they  usually  receive.  There  can  be  no 
doubt  that  many  structural  diseases  owe  their  origin  to  long  antecedent 
injuries.  The  luitrition  of  a  part  may  be  modified  to  such  an  extent  by 
a  blow  or  wound  inflicted  upon  it,  as  to  occasion  those  alterations  in  the 
structure  which  constitute  true  organic  disease.  Thus  we  occasionally  find, 
on  death  occurring  many  months  after  a  severe  injury,  that  extensive  local 
mischief,  usually  of  an  inflammatory  character,  is  disclosed,  which  has  evidently 
been  going  on  in  an  insidious  manner  from  the  time  of  the  accident. 

In  other  cases  again,  a  blow  may  give  rise  to  severe  and  long-continued 
neuralgic  paius  in  a  part ;  or  it  may  be  the  direct  occasioning  cause  of  struc- 
tural disease  in  bones,  joints,  or  blood-vessels  ;  and,  lastly,  it  mny  be  the 
starting  point  of  cancerous  or  other  tumours,  many  cases  of  which  can  be 
distinctly  referred  to  external  violence. 
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CHAPTER  IX. 


INJURIES  OF  SOFT  PARTS. 
These  consist  of  Conhisions  and  Wotinds. 

CONTUSIONS. 

In  ii  Contusion  tlic  skin  is  unbroken,  but  there  is  always  some  laceration  of 
the  subcutaneous  structures.  Indeed,  great  disorganization  of  these  occasionally 
takes  place,  though  the  skin  continues  entire,  owing  to  its  greater  elasticity  and 
toughness.  Hence  a  contusion  may  Ijc  looked  u^Don  as  being  a  subcutaneous 
lacerated  wound. 

In  contusions  there  is  always  extravasation  of  blood  into  the  tissues  to  a 
greater  or  less  degree.  When  slight,  this  extravasation  is  termed  an  ecchymosis. 
The  blood  is  not  shed  outwardly,  but  accumulates  under  the  skin  in  the  areolar 
tissue,  or  in  internal  organs,  presenting  in  the  former  situation  the  ordinary 
purplish-black  discoloration  of  a  bruise.  The  amount  of  blood  extravasated 
will  of  course  depend  upon  the  ^-ascularity  of  the  part  contused.  The  arrest 
of  the  extravasation  is  due  in  great  measiu'e  to  the  effused  blood,  pent 
up  amongst  the  tissues,  coagalating  over  and  compressing  the  torn  vessels 
which  have  j^oured  it  forth  ;  thus  restraining  the  further  escape  of  blood 
from  them,  and  allowing  the  ordinary  process  of  repair  of  wounded  vessels  to 
take  place. 

Causes. — Contusions  may  result  from  direct  2^ressure,  as  when  a  part  is 
forcibly  squeezed  ;  from  a  dimi  hloiv.  usually  by  a  hard  blunt  body  ;  or  from 
an  indirect  Mow,  as  when  the  hijvjoint  is  contused  by  a  person  falling  on  his 
feet  from  a  height. 

Compression  of  the  parts  injured  is  always  necessary  to  constitute  a  con- 
tusion. This  compression  may  occur  between  the  force  on  one  side,  and  a 
bone  as  the  resisting  medium  on  the  other  ;  or  the  part  injured  may  be 
compressed  and  contused  between  two  forces  in  action — as  when  the  hand  is 
caught  between  two  revolving  wheels  ;  or  between  a  force  in  action  and  a 
passive  medium— as  by  a  Avheel  passing  oxcv  the  limb  and  crushing  it  against 
the  ground. 

Deorkes.— The  amount  of  extravasation  of  blood  consequent  on  a  contusion 
will  necessarily  dejiend  mainly  upon  the  force  employed  in  its  production,  but 
also  to  some  considerable  extent  upon  the  state  of  health  of  the  individual 
brnised.    In  persons  out  of  health,  with  soft  tissues,  bruising  very  readily 

occurs.    Contusions  are  of  various  degrees :  they  may  be  arranged  as  follows  :  

1,  of  the  Skin  only;  2,  with  Extravasation  into  the  Areolar  Tissue;  ?>, 
with  Subcutaneous  Laceration  of  the  Soft  Parts;  and  4,  with  Sub- 
cutaneous Disorganization  of  the  Soft  and  Hard  Parts. 

Ill  the /;-6-^  degree,  the  blood  is  effased  merely  into  the  skin,  producing 
ecchymosis  or  l)ruise  ;  the  colour  of  which  varies  at  different  periods  from 
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piiq-ilish-recT  to  gvconisli-lirowii,  this  variation  being  dependent  npon  changes 
that  take  place  in  the  extravasated  blood  as  it  undergoes  absorption. 

In  tlie  second  degree  a  bag  of  blood  can  often  be  felt  fluid  and  fluctuating 
under  the  skin,  in  which  state  it  may  remain  for  weeks  or  even  months  -without 
undergoiug  any  material  change,  provided  it  be  excluded  from  the  air.  In 
other  cases  it  gradually  becomes  absorbed ;  or,  if  it  communicate  with  the  air— 
the  bag  being  opened  in  any  way — it  will  undergo  putrefaction,  unless  special 
antiseptic  precautions  are  taken  to  prevent  it,  and  will  excite  inflammation 
and  suppuration  around  it,  the  clots  being  discharged  mixed  with  pus.  In  some 
cases  it  would  appear,  from  the  observations  of  Sir  P.  Hewett  and  8ir  J.  Paget, 
that  the  clot  resulting  from  extravasated  blood  may  become  organized  and 
finally  penetrated  by  blood-vessels.  The  French  pathologists  have  described 
the  formation  of  a  cyst  containing  serous  fluid  in  the  site  of  the  extravasated 
blood.  The  walls  of  these  cysts  are  composed  of  a  fibrous  tissue  ;  they  have 
no  distinct  lining  membrane,  and  in  their  interior  serous  or  grumous  fluid, 
composed  of  disintegrated  blood,  is  found.  Lastly,  extravasated  blood  may 
give  rise  to  a  sanguineous  tumour,  Hsematoma ;  the  blood,  which  may  con- 
tinue for  months,  or  even  years,  fluid,  sU)\vly  deposits  its  fibrin  upon  the 
tissues  amidst  which  it  is  lying,  thus  forming  a  sort  of  imperfect  cyst  well, 
while  the  fluid  contents  become  dark  and  treacly. 

In  the  third  and  fourth  degrees  of  contusion,  the  laceration  and  disorganiza- 
tion of  structures  usually  lead  to  sloughing  and  suppuration,  or  to  rapid 
gangrene  of  the  parts,  or  to  ha3morrhage,  ending  in  fatal  syncope  ;  or,  when 
the  contusion  is  of  an  internal  organ,  this  hjBmorrhage  may  prove  fatal  by 
taking  place  into  the  serous  ca^^ities.  When  the  contusion  is  superficial,  the 
haemorrhage  is  subcutaneous,  and  though  abundant,  is  rarely  in  sufticient 
quantity  to  influence  the  heart's  action.  In  one  remarkable  case,  however,  in 
which  a  schoolmaster  was  convicted  of  manslaughter  for  beating  a  boy  to 
death  with  a  stick,  and  in  which  I  was  called  to  make  a  j)ost  mortem  examina- 
tion, death  had  evidently  resulted,  in  a  great  measure  at  least,  from  this  cause : 
the  subcutaneous  areolar  tissue  of  the  four  limbs  being  extensively  torn  away 
from  the  fascise,  and  uniformly  filled  with  extravasated  blood,  whilst  the 
internal  organs  were  in  an  antemic  condition,  even  the  pulmonary  ^^  essels  and 
Uie  coronary  arteries  of  the  heart  being  emptied  of  l)lood. 

DiAf4X0.sis. — This  is  not  always  easy.  The  more  severe  degrees  may  be 
mistaken  for  incipient  gangrene,  the  discoloration  being  not  very  dissimilar,  and 
the  resemblance  being  sometimes  increased  by  the  formation  of  blebs  upon  the 
skin  containing  serous  fluid  more  or  less  darkly  coloured  with  blood  ;  l)ut  the 
part,  when  simply  contused,  preserves  its  temperature  and  vitality.  In  some 
cases  the  extravasated  blood  has  a  hard  circumscribed  border  of  clot,  and  is 
soft  in  the  centre,  which  in  the  scalp  resembles  somewhat  a  depression  in  the 
subjacent  bone. 

The  diagnosis  of  old  cases  of  extravasation,  leading  to  hasmatoma,  from 
abscess  or  malignant  disease,  is  not  always  easily  made  by  tactile  examination 
alone ;  but  the  history  of  the  case,  exploration  with  a  grooved  needle,  and 
examination  of  the  contents  of  the  tumour  under  the  microscope,  will  always 
clear  up  any  doubt  that  may  exist. 

Treatment. — In  the  first  two  degrees  of  contusion,  our  great  object  should 
be  to  excite,  as  speedily  as  possible,  the  absorption  of  tiie  extravasated  blood. 
Here  cold  applications  arc  of  especial  scr\  ice  ;  lotions  composed  of  one  part  of 
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spirits  of  ^v^ne  to  eight  or  ten  of  water  sliould  be  constantly  applied.  ^  Leeches 
— commonly  nsed  in  these  cases — should  not  be  applied  to  a  bruised  part  ; 
they  cannot  remo^•c  the  blood  that  has  akeady  been  extravasated,  and  often 
set  up  in-itatiou,  which  leads  to  suppuration.  The  bag  of  blood  should  not  be 
opened,  however  soft  and  -fluctuating  it  may  feel,  so  long  as  there  is  any 
chance  of  its  being  absorbed.  If  once  it  be  punctured  and  unpurified  air  be 
allowed  to  enter,  putrefactive  suppuration  will  be  set  up  in  it.  The  fluid 
blood  may,  however,  in  such  case  be  safely  removed  by  means  of  the  aspirator, 
a  large  needle  being  used,  and  the  puncture  being  closed  by  collodion.  If 
signs  of  inflammation  occur,  the  parts  becoming  red,  hot,  and  painfully 
throbbing,  free  incisions  should  at  once  be  made  with  antiseptic  precautions, 
the  blood— already  disorganized  and  mixed  with  pus— evacuated,  and  the 
cavity  allowed  to  granulate. 

In  the  third  and  fourth  degrees  of  contusion,  it  is  often  useless  to  attempt  to 
save  the  life  of  the  injured  part ;  but,  if  this  is  attempted,  much  may  be  done  to 
prevent  the  fever  and  suppuration  that  sometimes  attends  the  separation  of  the 
sloughs.  The  skin,  being  in  such  cases  unbroken,  must,  be  washed  with  ^ 
solution  of  carbolic  acid  (1  in  20),  after  which  an  antiseptic  dressing  may  be 
applied,  beneath  Avdiich  the  sloughs  will  separate  with  scarcely  any  febrile 
disturbance,  and  but  little  suppuration ;  the  ulcer  that  results  must  be  treated 
on  general  principles. 

Disorgaiiizing  contusions  of  the  most  severe  kind  may  be  recovered  from 
iwovidcil  there  he  no  external  wound,  even  though  the  soft  structures  of  the 
limb  or  part  be  extensively  crushed,  the  bones  comminuted,  and  the  joints 
opened.  It  is  not  the  subcutaneous  lacerations  and  disorganizations  that  are 
to  be  dreaded  ;  so  long  as  the  main  blood-vessels  of  the  part  injured  are  intact, 
these  may  be  recovered  from.  But  it  is  the  admission  of  air,  bearing  with  it 
the  cause  of  decomposition,  into  the  interior  of  a  badly  injured  limb  that  con- 
stitutes the  great  danger.  If  this  can  be  avoided  there  is  little  fear  of  undue 
inflammation  being  excited ;  but  if  impure  air  be  admitted  to  the  lacerated 
tissues,  putrefaction  followed  by  suppuration  and  sloughing  is  at  once  set  up, 
and  the  safety  of  the  patient  will  be  seriously  imperilled.  In  such  cases  as 
these,  amputation  is  usually  the  sole  resource,  unless  the  progress  of  the 
mischief  can  be  arrested  by  the  employment  of  an  efficient  jDlan  of  antiseptic 
treatment. 

The  difference  between  the  effects  of  a  subcutaneous  laceration  and  one 
accompanied  by  open  wound  is  well  exemplified  in  the  cases  of  a  "  simple  " 
and  a  "  compound  "  dislocation.  In  the  first  case,  although  the  ligaments  and 
capsular  muscles  are  extensively  torn,  often  with  great  extravasation  of  blood, 
repair  takes  place  without  any  serious  trouble ;  whilst  in  a  compound  dis- 
location, in  which  air  has  been  admitted  and  has  given  rise  to  putrefaction  of 
the  extravasated  blood  and  the  inflammatory  exudation,  the  most  extensive 
suppuration  necessarily  ensues,  and  joint,  limb,  or  life,  one  or  other,  is  in  great 
danger  of  being  irretrievably  lost. 

Contusions  of  internal  organs  are  always  very  serious,  and  require  special 
treatment,  according  to  the  part  that  is  affected,  and  the  extent  of  its 
injury. 

The  blood  which  has  been  extravasated  in  simple  subcutaneous  contusions 
sometimes  undergoes  certain  changes— not  of  a  putrefactive  character  it  is 
true,  but  still  of  such  a  nature  as  in  many  cases  to  render  its  absorption  a 
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source  of  constitutional  tlistnvbance.  Hence  it  occasionally  follows  that  this 
absorption  of  large  extravasatitnis  is  followed  by  some  of  the  minor  evidences 
of  blood  poisoning — such  as  boils,  sallowness  of  skin,  low  health,  and  rheumatic 
pains.  These  efiPects  are  best  remedied  by  sulphurous  Avatcrs,  free  purging, 
alteratives,  change  of  air,  &c. 

Strangulation  of  Parts. — This,  when  accidental,  occasionally  occurs  as 
the  consequence  of  the  application  of  a  constricting  ligature  or  bandage,  or  the 
slipping  of  a  tight  ring  over  a  part.  In  such  cases,  the  first  eifect  of  the  con- 
striction is  to  prevent  the  return  of  the  venous  blood  ;  this  impediment  to  the 
cii-culatiou  occasions  serous  eifusion,  and  sweUing  of  an  ocdematous  character. 
If  relief  be  not  alforded  to  the  circulation  bv  the  removal  of  the  constrictino- 
body,  distension  of  the  vessels,  stagnation  of  the  blood,  loss  of  vitality  of  the 
part,  and  gangrene  Avill  speedily  ensue.  In  many  cases  in  which  the  strangu- 
lation is  relieved  by  the  Surgeon,  the  loss  of  vitality  is  far  ad^'anced  but  not 
complete,  and  the  restoration  of  the  circulation  is  then  followed  by  inflamma- 
tion, varying  in  intensity  with  the  degree  of  damage  that  the  tissues  have 
suffered.  This  is,  indeed,  merely  an  illustration  of  the  fact  experimentally 
demonstrated  l)y  Cohnheim,  that  arrest  of  the  circulation  or  exclusion  of 
blood  from  a  rabbit's  ear  gives  rise,  when  the  circulation  is  restored,  to  inflam- 
mation, the  intensity  of  which  can  be  determined  by  the  duration  of  the 
interference  with  the  flow  of  blood.  The  most  familiar  example  of  this  condi- 
tion in  actual  practice  is  the  inflammation  of  the  gut  that  so  frequently 
follows  reduction  of  a  strangulated  hernia. 

'  The  treatment  of  strangulation  consists  in  at  once  dividing  or  removing  the 
cord  or  ring,  as  the  case  may  be.  Usually  this  is  easily  done,  but  in  some 
cases  it  is  attended  with  no  little  difficulty.  This  happens  especially  when  a 
sniall  ring  has  l)een  hurriedly  put  on  a  wrong  finger,  or  when  the  penis  has 
been  drawn  through  a  brass  rino-.  In  such  cases  as  these  the  member  swells 
greatly,  and  the  difficulty  of  removing  the  foreign  body  is  very  considerable. 
The  finger-ring  may  usually  be  removed  by  slipping  a  director  under  it,  and 
clipping  or  filing  it  across  upon  this.  Sometimes  the  following  popular  ]3lan 
may  advantageously  be  adopted.  A  strong  silk  thread  is  carefully  bound 
round  the  finger  as  tightly  as  possible  from  the  tip  down  to  the  ring, 
under  which  the  free  end  is  carried  with  a  needle  :  the  thread  is  then  slowly 
untwisted,  and  the  ring  is  thus  earned  upon  it  ojff  the  finger.  Curtain  or  other 
brass  rings  compressing  the  root  of  the  penis  have  been  known  slowly  and 
gradually  to  cut  through  the  organ,  without  destroying  its  vitality  or  render- 
ing the  urethra  impervious ;  but  such  a  fortunate  result  is  altogether  the 
exception  ;  in  the  great  majority  of  such  cases,  unless  the  ring  be  speedily  cut 
off,  mortification  of  the  organ  would  ensue,  and  might  be  followed,  as  it  has 
been  in  some  instances,  by  the  death  of  the  patient. 

Subcutaneous  Wouxds. — The  remarks  that  have  just  been  made  "with 
respect  to  the  effects  of  the  admission  of  air  into  extravasations  of  blood  and 
subcutaneous  lacerations  or  contusions,  apply  with  equal  force  to  subcutaneous 
wounds ;  indeed  such  lacerations,  ruptures,  and  injuries,  are,  properly  speak- 
ing, subcutaneous  wounds  ;  that  is  to  say,  bones,  muscles,  ligaments,  tendons, 
and  blood-vessels,  may  be  broken,  torn,  contused,  and  ruptured,  and  yet  if  the 
skin  covering  the  parts  be  unbroken,  so  that  the  entrance  of  air  is  excluded, 
complete  repair  may  take  place  witliout  the  inflammation  at  any  time  passing 
beyond  the  simple  traunuitic  or  adhesive  stage,  and  without  more  than  the 
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slight  deo-rce  of  traumatic  fevev  inseparable  from  all  serious  injuries,  and  which 
in  the  slighter  injuries  would  not  be  recognizable. 

The  Surgeon  takes  advantage  of  this  most  important  fact  in  many  of  his 
operations  which  are  performed  stihculaneoushj ;  that  is  to  say,  the  narrow 
blade  of  a  knife  is  introduced  through  a  puncture  in  the  skin,  tissues  are  freely 
divided,  and  on  the  withdrawal  of  the  knife  the  wound  is  so  closed  either  by 
the  ai)proximation  of  its  valvular  edges,  or  by  the  pressure  of  a  compress,  that 
the  entrance  of  air  is  })revcnted,  and  thus  healing  takes  ])lace  by  the  first 
intention,  without  local  inflannnation  or  constitutional  disturbance,  as  in  a 
subcutaneous  laceration.  This  is  the  principle  on  which  all  operations  of 
tenotomy  and  myotomy  are  performed.  j\Iany  of  the  operations  on  the  eye 
also  appear  to  owe  their  safety  to  the  same  principle  being  involved  in  them, 
the  non-entry  of  the  air  in  these  cases  being  perhajis  due  rather  to  the  contrac- 
tion of  the  eyeball  after  the  escape  of  its  aqueous  hmnour  or  lens  than  to 
any  special  design  of  the  Surgeon. 

The  only  treatment  needed  in  a  subcutaneous  wound,  whether  the  result  of 
accident  or  made  by  the  Surgeon's  knife,  is  Rest  and  protection  of  the  skin. 
The  unbroken  skin  is  a  more  certain  antiseptic  than  any  surgical  dressing. 

OPEN  WOUNDS. 

A  wound  may  best  be  defined,  in  the  words  of  Wiseman,  as  "  a  solution  of 
continuity  in  any  part  of  the  body,  suddenly  made  by  anything  that  cuts  or 
tears,  with  a  division  of  the  skin." 

Surgeons  divide  wounds  into  five  kinds.  Incised,  Lacerated,  Contused, 
Punctured,  and  Poisoned. 

INCISED  WOUNDS. 

Incised  wounds  are  such  as  are  made  by  a  sharp  cutting  instrument  such  as 
a  knife  or  sword.    They  may  vary  in  extent  from  a  simple  superficial  cut  to 
the  incision  required  in  amputation  at  the  hip-joint.    Incised  wounds  are 
usually  open,  the  air  having  free  access  to  them  ;  occasionally,  however,  when  . 
made  by  the  Surgeon,  they  are  subcutaneous,  conununi eating  externally  only  ■ 
by  a  small  puncture.    They  may  be  simple,  implicating  merely  integument  or  ' 
integument  and  nmscle  ;  or  they  may  be  complicated  with  injury  of  the  larger  • 
vessels  and  nerves,  or  of  important  organs. 

Symptoms. — In  all  cases  incised  wounds  give  rise  to  three  symptoms  ;  viz., , 
Pain,  Haemorrhage,  and  Separation  of  the  lips  of  the  Avound, 

The  Pain  in  an  incised  wound  is  usually  of  a  cutting,  burning,  or  smarting  [ 
character.  Dr.  J.  Johnson  compared  his  own  sensations  to  the  pain  produced  I 
by  a  stream  of  molten  lead  falling  upon  the  part.  Much  depends,  liowcAX-r,  on  i 
the  extent  and  situation  of  the  wound  ;  and  also  Avhether  the  cut  has  been  1 
made  from  the  cutaneous  surface  inwards,  or  from  within  outwards  ;  in  the  :• 
former  case  the  ]min  is  greater  than  in  the  latter;  because  the  nerves  are  divided  1 
from  the  branches  towards  the  trunk ;  whereas,  when  the  cut  is  from  within  ^. 
outwards,  the  trunks  are  divided  first,  and  the  terminal  Ijranches  beino-  thus 
paralyzed,  do  not  feel  the  subsequent  incision. 

The  amount  of  Haemorrhage  necessarily  depends  upon  the  vascularity  of  the  d 
part  as  well  as  on  the  size  of  the  wound.  The  proximity  of  the  part  wounded  'J 
to  the  centre  of  the  circulation,  or  to  a  large  vessel,  has  also  a  very  considerable  t 
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influence,  different  parts  of  the  same  tissne  bleeding  with  different  degrees  of 
faciUty ;  thus  the  skin  of  the  face  yields  when  cnt  more  blood  than  that  of  the 
leg.  Again,  tiic  same  parts  will,  under  different  states  of  irritation,  pour  out 
different  quantities. 

The  Separation  of  the  Lips  of  the  ■Wound  depends  on  the  tension  and 
tlie  position  of  the  part  as  well  as  on  the  elasticity  and  vital  contractility  of 
the  tissues  ;  it  is  also  influenced  by  the  direction  of  the  incision,  according  as 
this  is  parallel  Avith  the  axis  of  a  limb  or  nniscle  or  across  it.  It  is  greatest  in 
those  parts  that  are  naturally  the  most  elastic  or  that  possess  the  highest  degree 
of  tonicity  ;  thus  the  muscles  when  cut  retract  some  inches,  the  arteries  and 
skin  gape  A\  idely  when  divided,  whereas  in  the  case  of  ligaments  or  bones,  no 
retraction  takes  place. 

M.\XAGEMENT  OF  IxciSED  WouxDS.— In  the  treatment  of  an  incised  wound, 
we  must  always  endeavour  to  procure  union  by  primary  adhesion  (p.  209) 
between  a  portion,  if  not  the  whole,  of  the  surfaces,  for  reasons  already 
assigned.  Tiie  probability  of  procuring  adhesion  depends  greatly  upon  the 
constitution  of  the  patient ;  it  is  a  decided  and  most  dangerous  error,  and  as 
unscientific  as  it  is  dangerous,  to  suppose  that  success  or  failure  is  entirely 
dependent  on  local  conditions  and  the  management  of  the  wound  itself.  In 
some  constitutions  it  is  impossible,  under  the  most  favourable  circumstances, 
to  obtain  it.  The  sounder  the  constitution,  the  more  readily  will  union  by  the 
first  intention  take  place  ;  and  in  all  cases  it  is  disposed  to  by  the  removal  of 
all  sources  of  irritation  from  the  system,  and  by  the  adoption  of  a  supporting 
regimen.  Repair,  like  all  other  pliA'siological  processes,  is  attended  with  an 
expenditure  of  vital  force  directly  proportioned  to  the  extent  to  which  plastic 
material  is  separated  fi'om  the  blood ;  hence  anything  approaching  to  a  lowering 
plan  of  treatment  is  to  be  avoided,  though  the  opposite  error  of  over-stimu- 
lation is  equally  to  be  deprecated.  Thus,  in  those  operations,  the  plastic,  for 
instance,  in  which  it  is  necessary  that  the  union  be  as  direct  as  possible,  the 
patient  should  be  jjrepared  by  being  kept  for  some  time  previously  upon  a  diet 
consisting  chiefly  of  milk  and  light  animal  food,  by  taking  regular  exercise, 
and  by  the  administration  of  iron  ;  we  should  look  specially  also  to  the  state 
of  the  digestive  and  urinary  organs.  In  cases  of  accidental  wound,  we  must 
keep  the  patient  quiet,  put  him  on  a  moderate  diet,  aiul  l)e  A'cry  cautious  in 
the  administration  of  stimulants,  as  they  have  a  great  tendency  to  interfere 
with  union  by  the  first  intention.  It  must  l)e  borne  in  mind,  that  the  gi*eat 
object  is  to  limit  inflammation ;  for  if  this  be  carried  beyond  what  is  necessary 
for  plastic  effusion,  suppuration  will  certainly  follow. 

Homogeneity  of  structure  in  the  o])posed  surfaces  is  favourable  to  union  by 
first  intention,  but  we  must  not  imagine  that  union  by  first  intention  is  not 
possible  between  dissimilar  tissues  ;  thus  muscle  may  adhere  directly  to 
cartilage,  or  skin  and  fat  to  bone.  The  medium  of  adhesion,  as  we  have 
already  seen  in  such  cases,  is  the  plastic  exudation  which  forms  in  the  first  few 
hours  after  the  injury,  and  keeps  the  opposed  surfaces  steadily  in  contact  and 
at  rest  till  the  dcA  elopmcnt  of  the  permanent  bond  of  union  takes  place. 

Local  Treatment.— Woimch  heal,  but  cannot  be  said  to  be  cured.  Over- 
zealous  attempts  at  "  curing  "  wounds  often  lead  to  the  aggravation  rather 
than  to  the  remedying  of  the  original  injury,  and  entail  the  superaddition 
upon  it  of  disease  which  is  the  direct  result  of  the  continued  applications  of 
lotions  and  ointments.    There  is  nothing  worse  than  pottering  and  meddle- 
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some  Surgery.  Tf  the  "niiniii  cura  mediciiiaj "  is  often  the  cause  of  much 
evil,  the  Surgical  form  of  the  same  kind  of  practice  is  equally  disastrous. 
A  wound  left  to  Nature  may  heal  in  a  few  days  ;  tormented  by  meddlesome 
aiul  injudicious  Surgery  it  may  remain  open  for  months. 

In  the  treatment  of  wounds  the  first  four  days  is  the  most  important 
period,  and  the  fate  of  the  wound,  ^^•hether  it  shall  heal  by  first  intention  or 
by  the  slower  process  of  granulation,  is  practically  determined  in  the  first 
twenty-four  hours.  It  has  already  been  pointed  out  in  the  Chapters  on  Inflam- 
mation and  Repair  that,  as  the  necessary  result  of  the  injury  done  by  the 
knife,  a  limited  traumatic  inflammation  is  set  up,  accompanied  by  abundant 
exudation  of  liquor  sanguinis  a]id  migration  of  corpuscles  ;  the  liquid  exuda- 
tion coagulates,  the  serum  di'ains  away,  and  the  coagulated  fibrin  with  the 
Avhite  corpuscles  remains  behind,  forming  the  "plastic  exudation"  which 
serves  as  the  first  bond  of  union.    This  process  must  occur,  but  it  should  be 
completed  by  the  first  twenty-four  hours,  at  the  end  of  which  time  the  tissues  .  I 
should  have  recovered  fi'om  the  damage  done  Ijy  the  laiife,  exudation  should 
cease,  and  the  period  of  traumatic  inflammation  be  at  an  end.    Should  any 
fresh  source  of  ii-ritation  be  brought  to  l)car  on  the  surfaces  of  the  wound  the  ■ 
inflammation  will  persist,  the  migration  and  exudation  will  continue,  and  pus  ;) 
will  form  instead  of  the  desired  plastic  exudation,  and  all  adhesion  between  . 
the  surfaces  is  prevented.    The  sources  of  irritation  against  which  we  have  to  > 
guard  are — -first,  mecJicurical,  viz.,  the  presence  of  foreign  bodies,  the  tension  i 
from  accumulation  of  blood-clot  or  discharges,  and  friction  of  the  surfaces  ; 
against  each  other ;  secondly,  cliemical,  the  products  of  putrefaction  and  the  • 
persistent  action  of  powerful  antiseptics  ;  and  thirdly,  sj)edjir  infeciive poisons, . 
erysipelas,  hospital  gangrene,  some  forms  of  pyremia  and  septiceemia.    It  is  <: 
evident,  therefore,  that,  guided  by  these  principles,  the  following  are  the  I 
essential  features  of  the  treatment  of  a  wound: — 1,  Arrest  haemorrhage, 
perfectly ;  2,  Remove  all  foreign  bodies  and  clean  the  wound ;  3,  Bring  the 
surfaces  accurately  into  contact  ;  4,  Provide  perfect  drainage  for  the  serous  - 
discharge  which  must  be  poured  out  during  the  first  twenty-four  hours ; ; 
5,  Maintain  perfect  rest  of  the  part ;  G,  Prevent  decomposition  of  any  dis-  - 
charge  that  may  form  between  the  surfaces,  and  while  so  doing  avoid  the  ^ 
constant  action  of  an  irritating  antiseptic  in  the  wound  ;  7,  Guard  the  patient : 
carefully  from  the  chance  of  infection  from  unhealthy  or  specific  inflam-  - 
mations  in  the  wounds  of  others. 

It  must  be  borne  in  mind  that  the  healthy  traumatic  inflammation  which  i 
results  fi-om  every  wound  affects  a  very  limited  area,  and  consequently  gives  \ 
rise  to  such  slight  local  symptoms  that  it  may  clinically  pass  unnoticed,  and  it  J 
has  sometimes  been  ignored  ;  the  term  "  inflammation  of  a  wound "  being 
applied  to  the  process  only  Avhen  it  extends  more  widely  so  as  to  cause  redness,  , 
V  sweHing,  heat,  and  pain  easily  recognizable  by  the  most  superficial  observer.- 
Clinically  this  may  be  convenient,  but  pathologically  it  is  inaccurate.  The 
pi-occss  by  which  the  plastic  exudation  is  formed  is  an  example  of  simple 
traumatic  inflammation  not  spreading  l)eyond  the  area  injured  :  the  later 
process  is  a  spreading  inflammation  due  to  various  sources  of  irritation  which  • 
fiave  been  allowed  to  act  on  the  wound  after  its  infliction. 

There  is  no  subject  in  Surgery  which  has  undergone  more  frequent  modifi- 
cations than  the  local  treatment  of  wounds,  fi-om  the  earliest  periods  of  which 
we  have  record.    The  first,  and  perhaps  the  instinctive,  method  of  treating  a 
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"wound  was  to  close  it  up  at  once  and  to  exclude  the  air  by  fixing-  upon  its 
lips  a  mass  of  clay,  of  chewed  leaves,  or  of  cow's  or  earners  dung.  The  admis- 
sion of  air  was  further  prevented  by  pouring  oil  into  it,  and  putrefaction 
by  the  use  of  wine  or  balsams.  At  a  later  period  in  the  history  of  our  art, 
tents  of  "\  arious  kinds  were  used,  and  employed  uji  to  a  very  recent  period,  in 
order  to  keep  it  open  and  thus  to  ]")revcnt  the  injurious  accumulation  in  its 
cavity  of  discharges,  which  might  there  decompose  and  putrefy.  The  closure 
of  the  wound — the  exclusion  of  air — the  prevention  of  putrcfection  in  its 
discharges  by  the  use  of  spirituous  and  stimulating  antiseptics,  or  by  facilitating 
the  escape  of  the  secretions — were  the  means  employed  from  the  most  remote 
antiquity.  That  these  methods  were  in  many  cases  highly  successful  there  can 
be  n.o  doubt.  They  were  purely  empirical — the  outcome  of  prolonged  experience 
— there  being  no  recognition  of  those  principles  involved  in  the  use  of  the 
various  appliances  and  medicaments  adopted,  which  it  has  been  reserved  for  a 
later  and  more  scientific  age  to  determine  and  elucidate. 

And  it  is  still  these  four  great  principles, — the  closure  of  the  wound, — the 
prevention  of  putrefaction, — the  facilitation  of  the  escape  of  discharges, — and 
the  maintenance  of  perfect  rest  between  the  opposed  surfaces,  that  guide  us  in 
the  treatment  of  all  wounds,  however  difierent,  and  in  some  respects  improved, 
the  means  may  be  by  which  we  endeavour  to  carry  them  out. 

In  the  local  treatment,  then,  of  all  incised  wounds,  there  are  six  chief  indi- 
cations, viz.,  l,the  Arrest  of  Hmnorrhage ;  2,  the  Removal  of  Foreign  Bodies,- 
3,  the  Coapfalion  of  tlie  Sides  of  the  Wound ;  4,  the  Provision  of  Perfect 
Drainage;  5,  the  Maintenance  of  Perfect  Rest ;  (!,  the  Prevention  of  Decom- 
])osifion-  of  the  Discltargcs  and  Infection  of  the  Wound.  These  we  shall 
consider  more  in  detail. 

1.  Arrest  of  Haeniorrhage. — If  bleeding  be  general  from  the  surface,  it 
may  be  stopped  iiy  exposure  to  the  air,  by  elevation  of  the  wounded  part,  by 
accurate  and  firm  coaptation,  by  the  pressure  of  a  well-applied  bandage  or  of 
the  finger  over  the  spot,  and  by  the  use  of  cold  or  other  styptics  ;  if  it  be 
arterial,  by  ligature,  torsion,  or  acupressure.  In  making  choice  of  a  hasmo- 
static,  preference  is  to  be  given  to  that  which  will  interfere  the  least  with 
union  by  the  first  intention.  Thus,  among  styptics,  cold,  in  the  shape  of  ice 
or  of  rags  wrung  out  of  cold  water,  is  to  be  preferred  to  others  of  the  same 
class,  such  as  the  perchloride  of  iron,  which  are  all  more  or  less  caustic  and 
irritant.  Again,  torsion  should  be  employed  when  it  can  be  done  with  safety, 
rather  than  other  means;  and  if  the  ligature  be  used,  it  should  be,  if  possible, 
of  some  material  which  can  be  absorbed  and  will  not  offer  any  obstacle  to  the 
occurrence  of  union  by  the  first  intention. 

2.  The  Removal  of  Foreign  Bodies,  such  as  dirt,  pieces  of  stone  and 
glass,  spicula  of  bone,  coagulated  blood,  &c.,  is  best  effected  by  allowing 
a  stream  of  water,  to  which  some  efficient  antiseptic  as  carbolic  acid,  iodine  or 
chloride  of  zinc  has  been  added,  to  fall  upon  the  part  from  a  sponge  or 
irrigator,  all  rough  handling  of  the  wounded  tissue  being  avoided  as  much  as 
possible.  Sharp  and  angular  bits  imbedded  amongst  the  tissues  should  be 
removed  by  forceps.  Above  all,  this  cleansing  of  the  wound  is  to  be  done 
thoroughly,  and  once  for  all ;  a  comparatively  insignificant  body,  if  over- 
looked at  this  time  may  eflectually  prevent  adhesion  by  setting  up  suppura- 
tion, whilst  disturbance  of  the  wound  after  it  has  been  once  closed,  destroys 
the  layer  of  plastic  exudation  which  ought  to  form  the  early  bond  of  union. 
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3.  The  next  and  most  important  indication  to  fulfil,  is  the  Coaptation  of 
the  Opposed  Surfaces  as  accurately  as  possible. 

As  a  general  rule,  tlie  sides  should  not  be  brought  together  until  all 
htiBuiorrhage  has  ceased  ;  if,  however,  there  be  but  slight  oozing,  this  may 
be  arrested  by  their  approximation,  and  the  pressure  thus  exercised  on  the 
bleeding  vessels. 

The  surftxces  should  be  gently  brought  together,  from  behind  forwards,  so 
as  to  thoroughly  exclude  all  air  and  superfluous  moisture  from  the  deej^er 
portions  of  the  wound,  the  skin-margin  being  the  last  to  be  adjusted  ;  due 
attention  should  at  the  same  time  l)e  paid  to  relaxing  the  parts  by  position,  so 
tliat  there  may  be  no  gaping  of  the  lips  nor  tension  on  the  sides  of  the  ^\'ound. 
For  the  purpose  of  keeping  all  in  position,  sutures,  ]^)lasiers,  and  landages  are 
employed. 

Sutures  should  never  be  used  unless  they  are  really  needed,  as  they  are 
painful  in  their  introduction,  and  may  be  irritating  in  their  presence  and 
troublesome  as  well  as  painful  in  their  removal.    WJien  they  are  used,  if 
draiuage  be  not  carefully  attended  to  they  may  favour  bagging,  by  causing 
superficial  union,  whilst  the  deeper  parts  still  gape.    A  suture  is  in  itself 
almost  unirritatiug,  but  can  become  irritating  in  two  ways— either  by  being 
applied  too  tightly,  or  by  becoming  tight  in  consequence  of  swelling,  and  tlnis 
causing  tension ;  or  by  absorbing  the  products  of  putrefaction,  and  thus  acting 
as  a  chemical  irritant.    The  first  condition  is  common  to  all  forms  of  suture 
of  whatever  material  they  may  be  made  ;  the  second  can  be  a^-oided  by  the 
use  of  metallic  or  other  non-absorbent  substances.    When,  therefore,  sutures 
are  applied  in  a  case,  in  which  it  is  expected  that  decomposition  of  the  dis- 
charges will  take  place,  a  non-absorbent  material  must  be  used.  The  chief  non- 
absorbent  substances  used  for  this  purpose  are  threads  of  well  annealed  silver  or 
iron-wire  of  various  degrees  of  stoutness,  silkworm-gut,  and  horsehair.  The 
two  last  are  especially  useful  in  delicate  plastic  operations  on  the  face.  In 
cases  in  which  some  foi-m  of  antiseptic  treatment  is  adopted,  silk  forms  the 
best  material  for  sutures  ;  it  should  be  that  biown  as  dentists'  or  twisted  silk, 
and  should  not  be  waxed.    It  should  be  well  soaked  for  tweuty-four  hours 
before  being  used  in  a  solution  of  carbolic  acid  in  water  (1  in  20).    In  some  • 
cases  fine  catgut  forms  a  convenient  form  of  suture,  but  tliis  caimot  be  relied 
upon  for  more  than  three  days.    It  has  tlie  great  advantage  of  not  requiring  • 
to  be  taken  out,  as  the  deep  part  of  the  stitch  becomes  absorbed  if  it  is  pro-  • 
tected  from  decomposition.    The  thickness  of  a  suture  should  vary  with  the  • 
nature  and  situation  of  the  injury.    Thus  in  wounds  of  the  limbs  wdiere  much  ; 
traction  may  be  expected,  the  suture  should  be  thick  ;  whilst  in  those  cases  in 
which  it  is  of  importance  that  as  little  deformity  as  possible  should  be  left,  c.q. 
in  plastic  operations  and  in  wounds  about  the  face,  it  should  consist  of  the  ' 
finest  material  compatible  with  the  required  strength.    The  threads  are  f 
introduced  by  means  of  needles,  either  straight  or  variously  curved  :  in  some  ' 
instances  it  is  convenient  to  have  them  set  in  a  handle  with  the  eye  near 
the  point  (nrevus-ucedle),  instead  of  in  the  ordinary  position.    For  metallic 
threads  a  slight  modification  of  the  ordinary  needle  is  required,  to  prevent 
the  wire  wdien  doubled  back  after  passing  through  the  eye  from  ofPeriu"-  auv 
obstruction  to  its  passage  through  the  tissues  ;  "  tubular  "  needles  are''  also 
employed  for  this  purjiose. 

The  modes  of  applying  sutures  are  various  ;  but  the  one  most  commonlv 
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employed  in  all  cases  involving  the  integnmcnt,  is  the  interrupted,  wliiuh 
consists  of  the  introduction  of  as  many  suigle  stitches  as  may  he  neoessaiy  to 
close  the  opening.  The  distance  between  the  stitches  nuist  be  determined  by 
the  amount  of  tension,  and  by  the  necessities  of  drainage.  If  there  is  even 
moderate  tension,  it  is, better  to  insert  a  few  sutures,  of  a  thicker  material,  or 
"sutures  of  support,"  extending  deeply  into  the  subcutaneous  tissue,  the 
needle  being  made  to  pierce  the  skin  an  inch  or  more  from  the  edge  of  the 
wound.  These  sutures  are  first  tightened  to  such  an  extent  as  just  to 
approximate  the  lips  of  the  wound,  which  may  afterwards  be  brought  more 
accurately  into  contact  by  finer  stitclies  or  "'sutures  of  a})position."  If  ample 
provision  is  made  for  drainage  by  tlie  use  of  tubes  the  edges  of  the  wound 
may  be  brought  very  closely  in  contact,  otherwise  in  large  Avounds  there  should 
not  be  less  than  one  inch  between  the  stitches.  "When,  as  in  some  plastic 
operations,  one  edge  of  the  wound  is  at  a  higher  level  than  the  other,  if  it  is 
desired  to  depress  the  higher  edge,  the  stitch  must  be  so  passed  that  it  shall 
include  a  larger  piece  of  the  lower  ;  if  to  raise  the  lower  edge,  the  chief  hold 
must  be  on  the  higher.  In  longitudinal  wounds,  the  first  stitch  should  be 
inserted  in  the  centre  ;  but  if  there  be  any  angles,  as  must  be  the  case  after 
crucial  incisions,  the  extremities  should  be  first  closed.  The  fastening  is 
efll'cted  in  the  case  of  the  silk  thread  by  tying  the  reef-knot,  and  in  that  of 
the  wire,  by  tying  a  half  knot  and  then  crossing  the  two  ends  oxqy  each  other, 
by  which  two  small  hooks  are  made  which  hold  A'ery  firndy ;  in  both  instances, 
the  ends  are  cut  ofi'  short.  Tiie  knot  or  twist  must  not  lie  over  the  line  of 
incision,  but  on  one  or  other  side  of  it.  The  time  that  the  sutures  should  be 
allowed  to  remain,  must  depend  greatly  on  the  nature  and  progress  of  the 
wound.  A  septic  silk  stitch  must  be  removed  in  from  two  to  three  days  ;  an, 
aseptic  silk  or  a  silver  suture  may  be  left  in  as  long  as  it  serves  any  useful 
purpose,  provided  it  is  causing  no  irritation.  A  tight  stitch  necessarily  causes 
irritation ;  in  from  twenty-four  to  forty-eight  hours  it  will  be  surrounded  by  a 
blush  of  redness  extending  an  inch  or  more  from  the  edge  of  the  wound,  aiul 
by  the  third  day  it  will  haA'c  commenced  to  cut  its  -way  out  by  ulceration. 
When  this  occurs,  no  good  purpose  can  be  served  in  most  cases  by  retaining  it, 
and  it  should  be  at  once  removed.  All  deep  stitches  should  as  a  rule  be 
removed  not  later  than  the  third  day.  In  withdrawing  sutures,  the  knot  ov 
twist  should  be  raised  by  forceps,  and  the  thread  divided  on  one  side  of  it ; 
gentle  traction  on  the  knot,  the  forefinger  of  the  other  hand  being  placed  close 
near  the  point  of  exit  in  the  skin,  to  prevent  disturbance  of  the  newly  fonned 
granulation-tissue,  will  then  suffice  to  draw  the  suture  out.  When  wire  has 
been  used,  the  bends  in  it  should  be  straightened  as  much  as  possible  before 
pulling  them  out. 

The  Button-Suture  is  a  very  useful  form  of  deep  stitch  in  cases  in  which 
tfeere  is  considerable  gaping  of  the  wound.  It  consists  of  a  thick  piece  of 
silver  wire  penetrating  deeply  through  the  subcutaneous  tissue  and  passing 
through  the  skin  from  one  inch  and  a  half  to  two  inches  on  each  side  of  the 
wound.  Each  end  of  the  silver  wire  is  passed  through  an  oval  piece  of  sheet 
lead  about  one  inch  in  its  long  diameter,  and  perforated  with  a  hole  in  its 
centre  ;  on  the  button  are  ])rojecting  wings  round  which  the  wire  can  be 
twisted  after  it  has  been  brought  through  the  hole.  The  two  buttons  are 
drawn  together  and  maintaijied  in  position  by  wire  twisted  round  them,  in 
suQh  a  way  as  to  bring  the  edges  in  sufficient  apposition  to  allow  of  the  finer 
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stitches  being  inserted  at  the  edges  of  the  wound  without  undue  tension. 
The  button  diffuses  the  pressure  over  the  wliole  area  ujjon  which  it  presses, 
and  tlms  a  considerable  degree  of  traction  may  be  aj)phed  without  causing 
ulceration  or  sloughing.  It  is  especially  useful  after  the  excision  of  malig- 
nant tunnnirs  with  a  portion  of  skiu. 

In  the  continuous  suture,  or  glover's  stitch,  the  thread  is  carried  on  from 
stitch  to  stitch,  instead  of  being  detached  from  the  needle,  and  fastened  off  as 
in  the  interrupted  suture.  The  stitches  are  placed  nearer  together,  so  that  the 
adjustment  of  the  edges  is  more  intimate.  Either  metallic  or  silk  thread  can 
be  employed  ;  in  withdrawing  it,  each  loop  must  be  divided,  and  each  piece 
removed  separately,  as  in  the  common  stitch.  This  form  of  suture  is  not  very 
often  employed.    It  is  chiefly  used  in  wounds  of  the  intestine. 

The  quilled  suture  is  employed  where  the  sides  of  a  deep  longitudinal 
wound  are  required  to  be  kept  in  contact  throughout,  as  in  ruptured  perina3um. 
It  consists  of  a  series  of  double  interrujited  sutures  of  stout  silk,  whipcord,  or 
silver  wire  passed  deeply,  through  the  loops  of  which,  that  hang  out  on  one  • 
side  of  the  wound,  is  passed  a  piece  of  bougie,  or  quill,  whilst  the  ends  of  the 
thread  are  tightly  tied  or  twisted  over  a  similar  cylinder  on  the  opposite  side. . 
The  stitches  should  enter  and  emerge  about  half  an'  inch  from  the  line  of  f 
incision,  and  be  so  placed  that  the  cylinders  when  in  situ  lie  parallel  to  one  ■ 
another.    Fine  interrupted  sutures  may  be  used  in  addition,  to  connect  the  > 
sujicrficial  parts. 

The  twisted  or  figure-of-8  suture  is  very  commonly  employed  in  surgery. . 

A  slender  pin,  made  of  soft  iron,  with  a  steel  point,  is  introduced  through  each  i 
lip  of  the  wound,  at  a  distance  of  about  one-third  of  an  inch  from  the ' 
margins  ;  and,  whilst  the  latter  are  held  in  contact,  a  piece  of  silk  twist  is  ? 
passed  in  a  figure-of-8  round  the  pin,  care  being  taken  not  to  draAv  it  too  • 
tight,  nor  to  compress  the  soft  parts  between  the  needle  and  the  thread,  lest : 
sloughing  ensue.  The  projecting  ends  of  the  jun  are  now  cut  off  with  pliei-s, , 
and  the  skin  l)eneath  them  protected  with  plaster.  This  suture  is  used  in  the 
treatment  of  hare-lip ;  but  it  is  of  great  service  wherever  the  lips  of  the } 
wound  are  very  vascular ;  it  has  the  advantage,  likewise,  of  taking  the  tension  i 
off  the  suture,  so  that  it  is  less  likely  to  cut  its  way  out  than  the  interrupted! 
suture.    The  pin  may  be  withdrawn  in  about  forty-eight  hours. 

Plasters  are  of  various  kinds,  those  most  commonly  employed  beinf>-  the? 
resin,  soap,  and  isinglass  plasters.  Each  of  them  possesses  ]3eculiar  properties,^ 
fitting  it  for  use  in  particular  cases.  The  resin-plaster  has  the  advantage i- 
of  being  most  adliesive,  and  of  not  being  readily  loosened  by  discharge  ;  but,, 
on  the  other  hand,  it  is  irritathig,  sticky,  difhcult  to  remove,  and,  in  conse-- 
quence  of  the  lead  that  it  contains,  leaves  a  dirty-looking  incrustation  behind! 
it.  The  soap-plaster  is  less  irritating,  but  at  the  same  time  less  adhesive  ;  it  t 
is  consequently  not  much  used  in  the  management  of  wounds.  The  isino-l'asss 
plaster  is  doubtless  the  most  cleanly  and  least  irritating  of  all,  and,  beings 
transparent,  permits  the  Surgeon  to  see  what  is  taking  place  beneath  it  •  biifcl 
it  is  readily  loosened  by  the  discharges,  and  is  apt  to  run  into  a  cord 

The  American  rubber-plaster,  which  adheres  with  gTeat  tenacity  withoufcit 
being  either  wetted  or  warmed,  will  be  found  very  convenient  in  many  cases.ii 
It  will  not  stick,  however,  to  a  wet  surface,  but  if  once  applied,  is  not  easily-v 
loosened  by  discharges  as  it  is  a  waterproof  material.  '  ' 

Plasters  which  require  heating,  must  be  cut  into  strips  of  convenient  Icno-th 


DRAINAGE  OF  THE  WOUND. 


305 


and  breadth  and  are  best  warmed  by  being  passed  through  hot  water.  In 
the  case  of  an  antiseptic  dressing,  the  plaster  maybe  rendered  aseptic  by  being 
dipped  in  a  basin  containing  a  pint-and-a-half  of  boihng  water  to  which  one 
ounce  of  pure  carbolic  acid  has  been  added,  and  well  stirred  so  as  to  ensure 
complete  solution.  All  superfluous  hair  having  been  removed,  and  the  surface 
well  dried,  each  strip  should  be  laid  down  evenly  between  the  points  of  suture, 
when  these  have  been  used,  so  as  to  compress  and  support  each  side  of  the 
wound  with  equal  force  ;  the  longer  the  strip,  the  firmer  will  be  its  hold, 
and  the  less  likely  it  will  be  to  become  prematurely  loose.  In  removing  the 
plaster,  both  ends  should  be  raised  at  the  same  time  towards  the  wound,  and 
the  strip  should  then  be  taken  off  without  either  lip  of  the  wound  being 
unduly  dragged  upon.  The  strips  should  be  allowed  to  remain  undisturbed  as 
long  as  possible,  and  each  one  replaced  before  the  next  is  removed. 

In  a  certain  class  of  incised  wounds,  of  limited  extent,  where  the  edges  can 
be  accurately  adapted  to  one  another  by  sutures  or  plaster,  or  by  the  combina- 
tion of  both,  and  when  but  little  oozing  is  to  be  expected,  very  fair  union 
under  a  scab  may  be  looked  for  without  any  further  dressings.  The  formation 
of  the  scab,  however,  may  be  hastened  and  imitated  by  the  use  of  Collodion, 
painted  freely  over  the  line  of  incision  with  a  camel's  hair  brush,  after  the 
surface  has  been  well  di'ied,  or  of  Styptic  Colloid,  which  has  the  further 
advantage  of  being  hasmostatic  and  antiseptic.  The  film  thus  formed  may  be 
further  strengthened  by  some  shreds  of  charpie  or  fine  lint.  A  second  or  third 
application  of  the  collodion  or  styptic  colloid  will  be  required,  if  the  crust  show 
any  sign  of  becoming  detached  ;  otherwise  it  may  be  allowed  to  remain  until 
it  separates  of  itself,  which  it  usually  does  in  the  course  of  a  few  days. 
Similarly,  a  piece  of  hnt  soaked  in  blood,  or  in  compound  tincture  of  benzoin, 
may  be  applied  over  the  wound,  and  under  it.  Union  without  suppuration 
may  take  place  as  if  under  a  scab  ;  but  the  Surgeon  must  watch  for  any  signs 
of  the  formation  of  matter,  as  redness  of  the  surrounding  skin,  heat,  throbbing 
pain,  and  perhaps  fever,  and  if  these  appear,  the  crust  must  be  removed 
immediately. 

4.  The  provision  for  Perfect  Drainage. — The  arrangement  of  the  parts 
should  be  such  that  there  may  be  a  ready  escape  for  the  serous  oozing,  which 
must  necessarily  ensue  in  all  wounds  during  the  first  twelve  or  twenty-four 
hours  after  their  infliction.    This  should  be  allowed  to  take  place  from  what 
wiU  be  eventually  the  most  dependent  point  of  the  wound.    In  former  times 
when  ligatures  of  compressed  whip-cord  or  waxed  silk  were  used,  the  threads 
'were  all  brought  out  at  one  spot,  and,  if  thick  and  numerous,  served  as  a 
(conduit  or  drain.    In  the  present  day,  hemorrhage  is  almost  invariably 
jan-ested  by  torsion  or  by  means  of  ligatures  of  carbolized  catgut,  fine  unwaxed 
silk,  or  some  other  material,  which  if  left  in  the  wound,  will  become  absorbed 
or  encapsuled  without  giving  rise  to  suppuration ;  consequently,  it  is  necessary 
I  in  most  cases  to  insert  a  "  drainage-tuU  "  (Fig.  99)  well  into  the  wound,  and 
i-  fain  it  there  from  48  hours  to  several  days,  according  to  the  amount  and 
character  of  the  discharge.    The  value  of  the  drainage-tube  in  preventing  the 
I  accmnulation  of  blood,  of  bloody  scrum,  and  of  pus,  cannot  be  over-estimated. 
It  is  the  greatest  safeguard  we  have  against  the  accumulation  of  decomposable 
fluids  in  the  wound,  and,  more  than  any  other  means,  favours  cohesion  of  its 
opposite  sides,  and  secures  the  patient  from  all  danger  of  septic  contamination. 
Its  use  should  never  be  omitted,  especially  if  the  wound  be  deep  and  irregular, 
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or  if  there  be  danger  of  bagging  under  a  flap.    If  a  drainage-tube  be  not  used,  . 
the  stitches  must  be  applied  at  longer  intervals,  a  wide  space  being  left 
between  each  for  the  exit  of  discharges.    In  operations  the  wound  should 
whenever  possible  be  made  in  such  a  direction  as  to  facilitate  drainage. 

5.  The  3Iuinienance  of  Perfect  Rest.— One  important  point  in  the  manage- 
ment of  every  wound,  is  to  maintain  the  injured  structures,  as  much  as  pos- 
sible, in  a  state  of  rest.    This  is  to  be  done  by  position,  the  Surgeon  refi'aining 
from  disturbing  the  parts  unnecessarily,  using  his  eye  rather  than  his  hand  to  ^ 
judge  of  the  progress  made,  and  by  the  adoption  of  some  mode  of  dressing  , 
that  requires  to  be  changed  but  seldom.    In  some  cases  Compresses  of  soft 
linen  or  lint  may  be  so  disposed  as  to  aid  in  keeping  the  sides  in  apposition,  whilst 
they  prevent  the  collection  of  fluids  in  the  recesses  of  the  wound  ;  the  handages  . 
should  be  apphed  over  them  so  as  to  exert  a  steady  well-regulated  pressure, . 
but  not  to  impede  the  free  circulation  of  blood  in  the  part.    The  elastic  • 
pressure  of  a  large  mass  of  cotton-wool  as  applied  in  some  of  the  forms  of  f 
dressing  to  be  described  hereafter  maintains  rest  in  the  highest  perfection. 

6  and  7.  The  prevention  of  decomposition  of  the  discharges  and  of  infection  of( 
the  woimd  must  be  carried  out  by  means  founded  on  the  principles  already  • 
laid  down  Avhen  treating  of  the  causes  (p.  1G3),  and  the  prevention  of  inflam-- 
mation  (p.  191). 

METHODS  OP  TREATING  WOUNDS. 

It  is  impossible  to  give  a  complete  account  of  all  the  various  methods 8 
of  treating  wounds  which  the  general  recognition  of  the  foregoing  principles  * 
has  given  rise  to.  Excellent  results  have  been  obtained  by  different  Surgeons* 
by  methods  apparently  diflFering  widely,  and  circumstances  often  oblige  ai 
Surgeon  to  adopt  one  means  in  preference  to  another.  Some  of  the  mostt 
important  only  will  therefore  be  described  here. 

Exclusion-of-Air-  or  Occlusion-Methods. — The  complete  sealing  of  ai 
wound  by  some  adhesive  and  impermeable  material  after  accurately  adjusting; 
the  edges  and  surfaces  seems  so  natural  a  mode  of  treatment  that  it  is  not  t 
surprising  that  it  siiould  have  been  frequently  attempted.  By  this  method,., 
admission  of  air  Avith  all  its  attendant  evils  is  apparently  prevented,  and  it  wass 
hoped  the  wound  might  follow  the  course  of  a  subcutaneous  injury.  All  such  i 
hopes  have,  however,  proved  delusive,  as  at  the  same  time  that  the  air  is  ex-  - 
eluded  all  discharges  are  shut  in,  and  tension  and  inflammation  natm-ally  follow. . 
It  is  only  in  the  very  smallest  wounds,  such  as  cut  fingers,  or  the  like,  thati 
this  treatment  can  possibly  be  successful  ;  and  even  then  it  frequently  fails,., 
and  many  wounds,  which  might  have  healed  without  trouble  if  properly  treated,!, 
have  been  rendered  serious  by  the  "  bit  of  sticking  plaster  "  invariably  appliedii 
if  the  case  is  first  taken  to  a  chemist's  shop.  It  may  be  broadly  stated  that  no< 
method  of  treatment  by  complete  occlusion  has  ever  been  successful  in  large i 
wounds,  or  can  possibly  be  so. 

The  Open  Treatment  of  Wounds.— This  consists  in  the  application  ofi 
no  dressing  of  any  kind.  The  edges  are  approximated  in  such  a  way  as  to< 
allow  of  perfectly  fi-ee  drainage,  and  the  injured  part  is  placed  in  such  a* 
position  as  to  relieve  tension  and  place  it  at  perfect  rest  ;  it  is  then  merely} 
covered  by  a  thin  piece  of  muslin  to  keep  off  flies.  Beneath  it  should  be  ' 
placed  some  waterproof  material  to  catch  any  discharge  that  flows  away,  and 
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this  may  be  changed  whenever  necessary.  This  method  of  treatment  is  some- 
times followed  by  very  good  results.  Tlie  cleaning  of  the  surfaces,  the  approxi- 
mation of  the  edges,  and  the  drainage  are  conducted  on  ordinary  principles  and 
require  no  further  notice  ;  but  the  prevention  of  decomposition  is  very  imper- 
fectly carried  out.  If  the  drainage  is  i)erfect,  and  nothing  but  healthy  plastic 
exudation  remains  between  the  surfaces,  no  decomposition  \\'ill  take  ])lace  in  the 
deep  part  of  the  wound.  If,  however,  there  happen  to  be  a  pocket  or  cavity 
containiug  serous  fluid,  this  will  certainly  decompose,  and  septic  fever  and 
suppuration  will  follow.  Such  discharges  as  flow  away,  are  partly  removed  by 
chaugiug  the  waterproof  material  beneath  the  wound,  and  partly  become  dry 
about  the  edges,  and  when  dry  are  incapable  of  decomposition.  Thus,  with 
perfect  drainage  and  dry  air,  a  wound  treated  in  this  way  may  run  an  almost 
perfectly  aseptic  course  ;  but  such  a  result  is  wholly  exceptional,  and  cannot 
in  any  way  be  relied  on.  Eest  is  obtained  tolerably  perfectly,  as  the  disturb- 
ance of  dressing  is  almost  completely  avoided.  The  prevention  of  infection  is 
entirely  neglected.  On  the  whole  it  may  be  said  that  although  this  mode  of 
treatment  is  vastly  superior  to  any  attempt  at  complete  occlusion,  it  is  not  to 
be  recommended,  as  in  the  majority  of  cases  it  fails  completely  in  the  pre- 
vention of  decomposition,  and  consequently  leaves  the  patient  exposed  to  the 
dangers  of  septic  absorption  and  of  infective  inflammations. 

The  Simple  Water-Dressing  strongly  advocated  by  Liston  as  a  substitute 
for  the  older  method  of  poulticing  wounds,  was  a  mode  of  treatment  extensively 
adopted  until  about  twenty  years  ago.  It  closely  resembles  in  its  princij)le  the 
open  treatment  just  described  ;  the  only  difference  being,  that  instead  of 
leaving  the  wound  absolutely  exposed,  it  was  covered  by  a  piece  of  lint 
moistened  with  "  pure  water,"  in  the  first  instance  left  open  and  subsequently 
covered  with  oiled  silk.  This  treatment  was  often  attended  by  the  most 
satisfactory  results  ;  by  it  the  wound  was  kept  clean  and  cool.  Inflammation 
was  prevented  and  the  discharges  were  allowed  to  drain  away.  In  many  cfi,ses 
there  was  but  very  little  suppui-ation.  I  have  seen  many  large  wounds,  such 
as  those  of  amputations,  or  after  excision  of  the  breast,  heal  almost  by  the 
first  intention,  without  any  suppuration  except  such  as  took  place  along  the 
track  of  the  ligatures.  In  the  pre-antiseptic  days  the  "  water-dressing  "  was 
undoubtedly  the  simplest,  cleanest,  and  safest  method  of  treating  large  incised 
wounds,  and  it  still  is  so  in  all  those  cases  in  which  antiseptics  are  not  at 
hand.  Since  the  nature  of  putrefaction  has  been  fully  understood,  and  the 
importance  of  its  prevention  has  been  recognised,  the  simple  water-dressing 
has  been  practically  abandoned  for  the  antiseptic  methods. 

The  Dry- Lint-Dressing  was  used  by  Syme  and  many  others  before  the 
;fcroduction  of  antiseptic  treatment.  It  consisted  of  a  pad  of  dry  lint  placed 
u  each  side  of  the  wound,  so  as  gently  to  press  the  surfaces  together  without 
luterfering  with  the  exit  of  discharge.  Over  this  was  placed  another  piece  of 
lint  about  three  layers  thick,  and  the  whole  surrounded  by  a  bandage.  This 
was  left  untouched  for  from  three  to  four  days,  by  which  time  it  had  usually 
become  soaked  in  the  discharges  and  more  or  less  offensive  from  decomposition. 
This  mode  of  treatment  secured  rest,  apposition,  and  drainage,  and  perhaps 
delayed  decomposition  by  drying  the  discharges  to  some  extent.  Very  good 
results  were  often  obtained  by  it,  but  suppuration,  followed  by  pya3mia,  was  no 
uncommon  occurrence. 

The  Cotton- Wool-Dressing  was  introduced  by  k.  Gu^rin,  of  Paris.  In 
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this  mode  of  treatment,  the  wound  having  been  cleaned  and  its  edges  carefully 
approximated,  and  if  necessary  a  drainage-tube  inserted,  the  whole  part  is 
covered  or  enclosed  in  a  huge  mass  of  cotton  wool,  a  foot  or  more  in 
thickness.    Over  this  a  bandage  is  forcibly  applied,  so  as  to  compress  the  wool 
to  about  half  its  previous  thickness.    The  dressing  is  then  left  undisturbed  for 
a  fortnight  or  three  weeks.    The  temperature  is  carefully  watched  during  this 
period,  and  should  there  be  any  considerable  rise  after  the  third  day  the  dress- 
ing must  be  removed  at  once.    Severe  pain  would  be  another  indication  for 
looking  at  the  wound.    The  principle  of  the  dressing  is  this  ;  perfect  coa]ita- 
tion  of  the  surfaces  and  the  most  absolute  rest  are  obtained  by  the  uniform 
elastic  pressure  of  the  cotton  wool ;  all  discharges  escape  from  between  the 
surfaces  and  are  absorbed  by  the  cotton  wool,  and  then  dried  and  thus  pre- 
vented from  decomposing  ;  all  infection  from  without  is  prevented  by  the 
filtration  of  the  air  should  any  circulate  through  the  mass  of  cotton  wool.  By 
this  mode  of  treatment  admirable  results  are  often  obtained,  the  wound  healing 
rapidly  and  painlessly,  leaving  a  simple  linear  cicatrix.    The  prevention  of 
putrefaction  is,  however,  very  uncertain  ;  if  the  discharge  is  small  in  amount,  , 
and  becomes  completely  dried,  the  case  may  run  an  absolutely  aseptic  course  ;  : 
more  commonly  there  is  a  very  offensive  smell,  sometimes  that  of  ordinary  • 
putrefaction,  sometimes  quite  peculiar.    With  this  there  is  some  septic  fever  • 
during  the  first  few  days.    Guerin's  dressing  has  undergone  some  modifica-  • 
tions,  and  its  principles,  as  will  be  seen  hereafter,  have  been  adopted  in  some  ^ 
forms  of  antiseptic  dressing.    The  substitution  of  absorbent  wool,  i.e.,  cotton  \ 
wool  completely  deprived  of  grease,  for  common  cotton  wool,  has  rendered  the  i 
drying  of  the  discharge  and  the  consequent  prevention  of  decomposition  more  ? 
perfect,  but  even  with  this  it  is  by  no  means  certain. 

The  Antiseptic  Treatment  of  Wounds,  as  introduced  by  Lister,  has? 
for  its  object  the  absolute  prevention  of  decomposition  of  the  discharges  byr 
the  application  to  practice  of  the  germ-theory  of  decomposition.  The  theory  f 
has  already  been  described  so  fully,  that  it  remains  only  to  show  the  mode  of  f 
its  application.  The  practice  does  not  necessitate  the  use  of  any  special  anti-  - 
septic  agent,  or  any  special  material  for  dressing;  any  method  of  treatment  i 
which  entirely  prevents  decomposition,  without  the  constant  contact  of  thee 
antiseptic  agent  with  the  raw  surface,  carries  out  the  principle.  When,  how-- 
ever,  "  Lister's  treatment,"  or,  as  it  is  often  called,  "  Listcrism,"  is  spokenn 
of,  it  means  the  special  mode  of  dressing  devised  by  himself,  in  which  carbolioc 
acid  is  the  chief  agent  employed,  and  of  which  the  following  is  a  description. 

Every  accidental  wound  which  has  been  exposed  for  some  time  before  itisi 
seen  by  the  Surgeon,  will  contain,  de]tosited  in  it  from  the  air,  the  organisms' 
which  cause  decomposition.    The  first  step  in  such  a  case  is  therefore  to  I 
destroy  these  by  washing  the  surfaces  with  a  strong  antiseptic  solution.    As  a 
rule  carbolic-acid-lotion,  1  in  40,  answers  the  purpose  perfectly,  but  if  the 
wound  be  dirty  or  have  been  long  exposed,  1  in  20  may  be  used.    If  the 
injury  be  a  simple  incised  wound  with  smooth  surfaces,  this  may  be  done  with  \ 
a  sponge  or  by  simple  irrigation  ;  if  it  be  irregular,  as  in  a  compound  fi-acture,  I 
it  is  best  carried  out  by  means  of  a  S3Tinge  with  a  piece  of  soft  India-rubber  t 
tubing  on  its  nozzle.    The  tubing  is  stiff  enough  to  penetrate  any  existing: 
cavity,  but  not  so  stiff  as  to  force  a  way  for  itself.    Care  must  be  taken  iu 
injecting  the  wound,  not  to  squeeze  the  lips  together  so  as  to  get  up  high 
pressure  in  its  cavity,  for  the  lymph-spaces  in  the  neighbourhood  may  become  i 
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injected  with  the  solution  of  carbolic  acid,  and  unpleasant  inflammation  may 
follow.  The  whole  of  the  parts  which  will  be  covered  by  the  dresshig  should 
be  well  washed  with  the  1  in  20  solution.  If  the  wound  be  on  the  hand  or 
foot,  great  care  must  be  taken  to  clean  the  nails  and  between  the  digits.  If 
on  the  head  or  any  other  hairy  part,  the  hair  must  be  cut,  and  it  is  safer  to  oil 
what  remains  with  carbolized  oil,  1  part  of  carbolic  acid  to  9  of  olive  oil. 

In  the  case  of  an  operation,  the  skin  is  first  cleansed  with  the  1  in  20 
solution  for  six  or  eight  inches  around  the  seat  of  the  intended  incision  when 
this  is  possible ;  it  is  a  good  plan  to  wrap  the  part  in  a  towel  moistened  with 
the  1  in  40  solution  for  half  an  hour  or  more  before  the  operation.  This  being 
done,  it  is  necessary  to  prevent  the  entrance  of  organisms  to  the  wound  during 
the  operation.    They  can  be  carried  into  the  wound  in  various  ways.  First, 
iy  the  Surrjpon's  hands ;  to  prevent  this  the  operator  and  his  assistants  must 
first  carefully  wash  in  soap  and  water,  and  afterwards  dip  their  hands  in  the 
1  in  40  solution  ;  and  the  dipping  must  be  repeated  whenever  the  hands  have 
been  exposed  to  the  air  unprotected  by  the  lotion.    Secondly,  hy  ihe  instru- 
ments ;  all  the  instruments  must  therefore  be  placed  in  a  bath  of  carbolic  acid 
and  water,  1  in  40,  taken  out  only  when  wanted,  and  immediately  replaced 
when  done  with,  if  they  are  likely  to  be  used  again  during  the  operation. 
Thirdly,  hy  the  sponges ;  these  must  be  prepared  as  before  described  (page  37), 
and  must  be  freshly  squeezed  out  of  the  1  in  40  solution  when  handed  to  the 
assistant.  Fourthly,  hy  the  Uyatures these  must  therefore  be  composed  either 
of  carbolized  catgut  or  unwaxed  silk  soaked  in  carbolic-acid-lotion  (1  in  20) 
for  some  hours  before  they  are  used  ;  or  the  htemorrhage  may  be  arrested  by 
torsion,  and  the  use  of  ligatures  entirely  avoided.    Fifthly,  hy  the  air ;  to  pre- 
vent this,  Lister  devised  the  plan  of  operating  under  a  spray.    The  use  of  .the 
spray  has  already  been  described  under  the  antiseptic  treatment  of  abscesses 
(page  246).    The  spray  is  the  part  of  Lister's  treatment  which  has  met  with 
the  greatest  amount  of  opposition.    The  careful  disinfection  of  the  Surgeon's 
hands  and  instruments,  and  of  sponges,  the  cleaning  of  the  patient's  skin,  and 
the  washing  of  the  wound  with  solutions  of  chemical  antiseptics,  are  almost 
universally  practised,  and  their  utility  is  generally  acknowledged  ;  but  a  large 
number  of  Surgeons  do  not  employ  the  spray.    The  advocates  of  the  spray 
urge  the  following  points  in  its  favour  :  it  is  the  most  perfect  and  continuous 
mode  of  irrigating  a  wound ;  if  the  spray  be  sufficiently  fine,  it  is  im- 
possible for  any  organisms  floating  in  the  air  to  escape  contact  with  one  of  the 
minute  drops  of  the  antiseptic  solution,  and  thus  to  be  rendered  innocuous; 
consequently,  air  mixed  with  spray  may  be  admitted  with  impunity  to  the 
natural  cavities  of  the  body,  to  the  deep  parts  of  irregular  wounds,  and  into 
other  situations  in  which  perfect  irrigation  by  any  other  means  would  be  im- 
possible or  dangerous.    Lastly,  that  by  means  of  the  steam-spray  the  Surgeon 
can  examine  the  wound  while  dressing  it  at  his  leisure,  and  still  maintain  perfect 
irrigation.    In  confirmation  of  these  views,  it  may  be  stated  that  at  Univer- 
sity College  Hospital,  aseptic  results  have  been  obtained  with  much  greater 
certainty  since  the  efficient  steam-spray  was  introduced  than  while  hand- 
instruments  were  employed,  and  that  the  results  of  those  cases  in  which  the 
spray  has  been  used  have  been  more  uniformly  aseptic  than  when  it  has  been 
replaced  by  washing  out  the  wound  or  by  irrigation.    The  opponents  of  the 
spray  urge  that  it  is  inconvenient  during  the  operation,  wetting  the  Surgeon 
and  obscuring  his  view;  and  sometimes,  in  long  operations,  giving  him 
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unpleasant  symptoms  of  carboHc-acid-poisoiiiiig:,  such  as  a  general  sense  of 
illness,  pain  in  the  back,  or  OA'en  hajmaturia ;  that  it  may  depress  the  patient 
and  add  to  shock  by  chilling  the  surface;  that  the  spray-apparatus  is 
costly,  difficult  to  keep  in  order,  and  inconveniently  cumbersome  to  carry 
about  in  private  practice;  and  lastly,  the  amount  of  success  that  attends 
the  antiseptic  treatment  of  accidental  wounds  is  sufficient  evidence  that 
good  results  may  be  obtained  without  it.  The  truth  probably  lies  between 
the  two  extremes.  The  spray  is  no  doubt  not  necessary  in  all  ordinary 
cases  ;  Lister  himself  holds  it  to  be  the  least  essential  part  of  his  treatment. 
In  all  cases  in  which  cavities  are  opened,  it  is  a  great  additional  security, 
especially  if  the  cavity  is  one  in  which  putrescible  matter  is  likely  to  accumu- 
late, and  which  it  is  impossible  thoroughly  to  cleanse  or  drain;  thus  it  is 
of  great  use  in  small  openings  into  the  pleura,  abdomen,  or  joints.  In 
operations  such  as  ovariotomy,  in  which  the  cavity  of  the  peritoneum  can  be 
thoroughly  cleansed  before  the  wound  is  closed,  and  in  which  the  amount  of 
exudation  afterwards  \\\\\  not  be  more  than  is  rapidly  absorbed  by  the  serous 
membrane,  experience  shows  that  its  use  is  not  essential,  although  it  may  give 
additional  secm-ity.  In  an  ordinary  operation-wound  it  gives  increased 
certainty  of  an  aseptic  result,  but  with  great  care  and  attention  to  detail 
in  irrigation  and  in  the  use  of  a  "guard"  during  dressing,  as  described  in  the 
treatment  of  abscesses  (page  247),  very  good  results  may  be  obtained.  If  the 
spray  be  used,  the  obstruction  to  the  view  of  the  wound  can  be  avoided  by 
not  putting  the  apparatus  too  near ;  and  the  chilling  of  the  patient  must 
be  prevented  by  covering  the  parts  not  necessarily  exposed  with  blankets  and 
waterproof  sheeting. 

In  cases  in  which  the  operation-wound  is  complicated  by  the  presence  of 
old  sinuses,  such  as  are  met  with  in  many  cases  of  joint-disease,  these  must 
be  scraped  out  with  a  sharp  spoon,  and  afterwards  sponged  with  a  solution  of 
chloride  of  zinc  (40  grains  to  1  ounce).    If  the  sinuses  be  numerous  it  is, 
perhaps,  safer  to  wash  the  whole  wound  out  with  chloride  of  zinc  lotion,  the 
good  effects  of  which  were  pointed  out  by  Campbell  De  Morgan  many  years 
ago.    Sinuses  should  not  be  injected  before  the  operation,  as  there  is  some 
danger  of  rupturing  their  walls,  and  if  the  chloride  of  zinc  lotion  should  thus 
become  injected  into  the  cellular  tissue,  the  most  extensive  and  dangerous 
sloughing  may  result.    In  all  cases  of  wound,  whether  resulting  from  accident 
or  operation,  drainage  forms  an  essential  part  of  the  antiseptic  system  of 
treatment.    The  irritation  of  the  antiseptic,  applied  to  the  raw  surface, 
increases  considerably  the  flow^  of  the  natural  serous  discharge  during  the  first 
twenty-four  or  thirty-six  hours.  There  are  no  ligatui-es  to  form  a  drain  for  it, 
and  the  edges  of  the  wound  are  rather  firmly  pressed  together  by  the  dressing. 
It  is  necessary,  therefore,  to  provide  for  the  exit  of  the  discharge  by  means  of 
drainage-tubes.    These  tubes  are  prepared  and  inserted  in  the  same  way  as  in 
the  antiseptic  treatment  of  abscesses  (pages  244,  245).    One  or  more  must  be 
inserted  to  the  very  bottom  of  the  wound,  and  the  edges  of  the  skin  may  then 
be  brought  together  as  closely  as  possible,  a  continuous  suture  even  being  used 
if  the  Surgeon  prefer  it.    The  tubes  must  vary  in  size  and  number  with  the 
extent  and  nature  of  the  wound,  and  must  be  brought  to  the  smface  at  the 
most  convenient  and  dependent  parts.    The  drainage-tubes  should  not  be 
moved  for  the  first  two  days,  by  which  time  they  will  have  formed  a  track  for 
themselves,  and  can  be  readily  re-introduced  if  necessary.    Sometimes  they 
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can  be  completely  removed  on  the  third  day  ;  but  usually  it  is  safer  merely  to 
shorten  them  by  cutting  off  a  piece  at  each  dressing,  till  they  become  reduced 
to  about  half  an  inch  in  length. 

In  very  small  wounds  a  few  strands  of  catgut  or  horse-hair  will  be  found 
to  make  a  very  efficient  drain. 

An  essential  part  of  the  Antiseptic  Treatment  of  AVounds  as  devised  by 
Lister,  is  the  jjrotecimi  of  the  raw  surfaces  and  edges  of  the  ivound  as  far  as 
possible  from  any  direct  contact  tvith  the  carloUc  acid  in  tJie  dressings,  which 
would  infalliby  cause  sufficient  irritation  to  produce  suppuration.    The  small 
quantity  of  carbolic  acid  left  in  the  wound  when  it  is  closed,  is  so  temporary 
in  its  action  as  scarcely  to  require  consideration.    It  is  partly  washed  away  by 
the  serous  discharge  and  partly  absorbed,  so  that  probably  in  a  few  hours,  or 
perhaps  less,  the  deep  parts  of  the  wound  are  free  from  any  trace  of  the  acid. 
To  protect  the  raw  surface,  the  wound  is  covered  with  the  so-called  "  pro- 
tective" (page  24G),  which  being  in  itself  perfectly  unirritating,  and  almost 
impervious  to  carbolic  acid — as  soon  as  the  small  quantity  of  the  acid  ad- 
hering to  its  under  surface  has  been  absorbed  by  the  skin  or  granulations 
beneath — almost  absolutely  protect  the  wound  from  any  direct  action  of  the 
irritating  antiseptic.    The  dressing  is  then  applied  in  exactly  the  same  way  as 
in  the  treatment  of  abscesses  (see  page  247).    The  dressing  must  be  repeated 
at  first  every  day,  till  the  serous  discharge  has  ceased,  and  then  every  second, 
third,  or  fourth  day,  according  to  the  amount  of  discharge.    If  it  be  thought 
necessary  to  apply  strapping  to  the  wound,  it  may  be  done  under  the  spray,  by 
dipping  the  plaster  in  a  lotion  of  one  part  of  carbolic  acid  and  water  (1  to  20), 
to  which  is  added  an  equal  quantity  of  boiling  water.    Although  attention  to 
detail  is  of  great  importance,  and  in  description  the  dressing  may  seem  com- 
plicated and  tedious,  its  application  to  a  wound  such  as  that  of  an  amputation, 
does  not  take  more  than  five  minutes  ;  and  it  is  not  more  troublesome  than 
the  ordinaiy  modes  of  treatment.    In  the  rigid  antiseptic  dressing  by  Lister's 
method,  drainage  is  specially  attended  to  on  ordinary  principles  ;  rest  is  favom-ed 
by  the  slight  rigidity  of  the  eight  layers  of  gauze,  by  the  gentle  pressure  of 
the  bandage,  and  by  the  infi-equency  of  the  dressings ;  and  decomposition  and 
infection  from  without  are  absolutely  prevented. 

Modified  Methods  of  Antiseptic  Treatment. — The  chief  modifications 
of  Lister's  method  of  dressing  consist  firstly,  in  abandoning  the  spray,  all  other 
details  remaining  unchanged,  and  secondly,  in  the  substitution  of  some  other 
absorbent  antiseptic  material  for  the  carbolic  gauze.  The  substitution  of 
irrigation  or  washing  for  the  spray  has  already  been  sufficiently  alluded  to. 
The  chief  materials  which  have  been  substituted  for  the  carbolic-acid-gauze  in 
the  di'essiug  are  the  following. 

Eucalyjitic  gauze  (page  195).  This  is  used  in  the  same  way  as  the  carbolic 
gauze,  and  has  been  found  to  be  equally  efficient.  It  is  unirritating  and 
non-poisonous,  and  should  always  be  preferred  in  children  and  in  patients 
who  are  readily  affected,  generally  or  locally,  by  carbohc  acid.  The  chief 
objection  to  it  is  that  it  is  slightly  more  expensive. 

Salicylic  cotton-ivool  or  jute  is  applied  in  the  same  way  as  Gue'rin's  cotton- 
wool-dressing and  is  most  useful,  though  uncertain  in  its  antiseptic  properties 
when  compared  with  carbolic  or  eucalyptic  gauze. 

Salicylic  silk  was  introduced  by  McGill  of  Leeds,  who  reports  very  favoui-ably 
of  it.    He  recommends  the  employment  of  the  spray  of  carbolic  acid  and  all 
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other  precautions  of  Lister's  method,  merely  suhstituting  the  silk  for  the 
gauze.    The  dressing  is  left  on  for  a  week  or  more. 

Iodoform  wool  (page  105)  may  be  applied  in  the  same  way  as  the  salicyhc 
wool.  "  It  is  more  powerful  and  certain  as  an  antiseptic  but  rather  expensive. 
For  the  sake  of  economy  the  dressing  may  be  made  of  a  layer  of  iodoform 
wool  about  one  inch  thick  covered  by  two  inches  of  salicylic  wool  or  jute. 

Carded  oakum,  ienax,  or  marine  lint  is  a  cheap  and  powerful  antiseptic,  but 
it  is  not  adapted  for  direct  application  to  a  wound,  as  it  is  too  irritating.  It 
may,  howe\er,  be  applied  superficially  over  a  few  layers  of  gauze  as  a  matter 
of  "economy,  and  used  in  this  way  is  very  efficient.  It  should  be  covered 
with  oiled  silk  or  "  hat  lining"  to  prevent  the  discharge  from  soaking  through 
opposite  to  the  wound  and  decomposing. 

Lint  soaked  in  carhoHc  oil(l  in  10)  may  be  applied  so  as  to  extend  for  some 
inches  round  the  wound  in  every  direction  if  the  above-mentioned  materials 
are  not  at  hand.  It  is  apt  to  stick  and  become  diy,  and  must  be  changed  at 
least  twice  a  day.  In  all  the  above  modes  of  dressing,  the  "protective" 
should  be  applied  to  the  wound,  as  it  prevents  the  absorbent  material  from 
sticking,  and  thus  facilitates  drainage  and  saves  pain  during  the  after-dressing. 
Under  all  these  dressings  the  wound  may,  with  care,  be  kept  perfectly  free 
from  decomposition.  The  wool-dressings  present  the  advantage  of  maintaining 
more  perfect  rest  and  apposition  of  the  surfaces. 

lasting  Dressings. — During  the  last  few  years  it  has  been  the  object  of 
many  surgeons  to  invent  some  form  of  dressing  which  can  safely  be  applied 
immediately  after  the  infliction  of  the  wound  and  not  removed  till  healing  is 
complete.  This  object  has  been  more  or  less  perfectly  attained  by  some  of  the 
methods  already  described.  The  simple  cotton-wool  fails  in  many  cases  from  I 
decomposition  taking  place  beneath  it.  The  carbolic-gauze-dressing  becomes 
early  soaked  in  discharge  and  must  always,  except  in  very  small  wounds,  be 
changed  at  the  end  of  tvA^enty-four  hours.  Moreover,  all  dressings  in  which 
the  common  drainage-tubes  are  employed  must  be  changed  now  and  then  to 
shorten  or  remove  the  tubes.  To  avoid  this  Neuber  invented  absorbable  )i 
drainage-tubes  composed  of  decalcified  bone.  These  are  made  of  various  *! 
lengths  and  sizes  to  fit  all  wounds.  They  act  ])erfectly  well  in  most  cases,  but 
occasionally  they  are  slow  in  being  absorbed  and  excite  suppuration.  After  they 
have  been  inserted  the  wound  may  be  covered  with  a  few  layers  of  gauze  and 
over  this  again  a  large  mass  of  one  of  the  absorbent  antiseptic  dressmgs.  In 
all  foms  of  lasting  dressing  the  temperature  must  be  observed  morning  and 
evening,  and  any  rise  above  101°  or  102°  F.  after  the  third  day  would  be  an 
indication  for  looking  at  the  wound.  Pain  is  a  similar  indication,  as  a  healthy 
wound  is  absolutely  painless. 

The  foregoing  are  the  most  important  forms  of  antiseptic  dressing 
in  which  permanent  contact  of  the  antiseptic  with  the  raw  surfaces  is 
avoided.  The  Surgeon  need  not  confine  himself  to  one  form  tln-oughout  each 
case.  A  very  convenient  modification  will  be  found  to  be  the  application  of 
one  gauze-dressing  to  be  removed  at  the  end  of  twenty-four  hours,  after  which 
one  of  the  antiseptic  wool-dressings  may  be  applied.  By  this  means  the  early 
serous  discharge  is  got  rid  of  which  usually  soaks  the  wool-dressings  to  such 
an  extent  as  to  incur  great  risk  of  decomposition. 

Irrigation  of  wounds  with  an  antiseptic  solution  is  sometimes  adopted,  but 
it  is  troublesome,  and  presents  no  advantages  over  the  methods  already 
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described,  except  in  the  case  of  foul  wounds  requiring  to  be  cleaned.  The  best 
solution  under  these  circumstances  is  a  concentrated  solution  of  boracic  acid. 

lodoform-Treatmeut. — This  has  been  largely  adopted  in  Germany  for  the 
last  few  years,  especially  by  Billroth  in  Vienna.  It  is  thus  carried  out.  After 
bleeding  has  been  completely  arrested  by  torsion  or  catgut-ligatures,  and  the 
wound  cleaned,  the  raw  surfaces  are  freely  powdered  with  the  crystalline 
iodoform  and  then  brought  together,  drainage-tubes  being  inserted  and  the 
whole  covered  with  iodoform-wool.  The  results  of  this  treatment  have  been 
on  the  whole  good,  although  many  cases  of  iodoform-poisoning  have  occurred  ; 
but  there  seems  no  reason  to  justify  the  introduction  of  the  iodoform,  which 
can  be  regarded  only  as  a  foreign  body,  between  the  surfaces  of  the  wound.  Tn 
open  wounds  with  loss  of  substance  which  cannot  be  treated  by  rigid  antiseptic 
methods,  however,  such  as  those  resulting  from  operations  on  the  anus  or 
rectum,  or  from  excision  of  the  tongue  or  jaw,  the  direct  application  of 
iodoform  to  the  raw  surface  is  of  the  greatest  possible  use,  and  is  the  best 
mode  of  treatment  at  present  known. 

In  conclusion,  some  forms  of  dressing  may  briefly  be  mentioned,  which, 
in  the  hands  of  certain  Surgeons  have  met  with  much  success.  Bryant,  of 
Guy's  Hospital,  recommends  the  use  of  a  weak  solution  of  tincture  of  iodine 
(5ij  to  oj)  for  washing  the  wounds,  and  sponges  ;  and  as  a  dressing  he 
appHes  lint  soaked  in  a  mixture  of  one  part  of  terebene  to  five  of  olive  oil 
(p.  194).  This  is  undoubtedly  a  most  simple  and  efficient  dressing,  but  it  is 
less  certain  as  an  antiseptic  where  there  is  much  discharge  than  some  of  those 
already  described.  Hutchinson,  of  the  London  Hospital,  recommends  the 
application  of  a  piece  of  lint  constantly  moistened  in  the  following  solution  : 
Liquor  plumbi  5SS.,  Sp.  Rect.  5j,  Aq.  Oj.  This  treatment  was  much  employed 
in  former  times,  and  is  attended  by  excellent  results.  The  solution  is  power- 
fully antiseptic,  and  it  is  cooling  and  grateful  to  the  patient.  It  requires, 
however,  constant  attention  to  prevent  the  lint  from  drying,  and  in  this  respect 
is  somewhat  troublesome,  especially  in  private  practice.  The  methods  of 
treating  amputation-wounds  recommended  by  Callender  and  Bowland  are 
mentioned  in  pages  68  and  79. 

The  methods  of  treatment  here  recommended  are  all  of  established  utility, 
bat  numberless  othe)-s  have  been  tried  and  abandoned,  or  are  at  present  being 
tested  ;  and  probably  we  have  not  yet  discovered  either  the  best  antiseptic  or 
the  best  mode  of  dressing.  The  tendency  of  the  present  time  is  in  favour  of 
some  of  the  forms  of  lasting  dressing,  especially  the  absorbent  wools,  impreg- 
nated with  some  antiseptic,  such  as  iodoform  or  salicylic  acid. 

I  cannot  too  strongly  impress  upon  the  young  Surgeon  the  importance  of 
not  becoming  the  slave  of  any  one  system  of  treating  wounds.    He  should  be 
t  eclectic  in  the  choice  of  his  methods,  using  that  one  which  appears  to  be  best 
'  sm'ted  to  the  particular  case  before  him,  or  that  may  alone  be  available  in  the 
position  in  which  he  happens  to  be  placed.    A  Surgeon  may  find  it  necessary 
I  to  take  the  most  stringent  antiseptic  precautions  when  treating  a  wounded 
i  patient  in  the  contaminated  air  of  a  large  hospital  in  a  crowded  town.  He 
may  safely  relax  them  in  the  purer  air  of  a  healthy  country  district.    He  may 
I  find  it  necessary  when  restricted  to  the  limited  resources  of  an  emigrant  ship 
or  of  a  remote  colony  to  learn  to  dispense  with  those  more  complicated 
chemical  and  surgical  appliances  which  are  to  be  found  in  all  well  appointed 
Hospitals,  and  which  are  essential  to  the  success  of  many  modern  methods  of 
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treatment.  Let  him,  by  all  means,  use  them  when  he  can  get  them— but  let 
him  remember  that  wounds  were  healed  safely,  speedily  and  well  before  they 
were  invented,  and  that  he  is  the  best  Surgeon  who  can  obtain  the  best 
results  by  the  simplest  means.  If  he  is  not  in  the  land  of  spray-producers, 
"  protectives,"  and  "guards,"  of  iodoform- and  salicylic-acid-wools,  let  him  not 
despair— cold  water  and  clean  linen  rags  will  do  much  to  supply  their  place. 

Inflammation  of  Incised  Wounds. — As  before  pointed  out,  a  certain 
degree  of  inflammation  is  a  necessary  part  of  the  healing  of  a  wound  by  first 
intention.    This  should,  however,  be  strictly  limited  to  the  tissues  actually 
injured  by  the  instrument  ^vhich  produced  the  wound,  and  should  be  very 
temporary  in  character.    This  simple  traumatic  inflammation,  although  patho-  - 
logically  of  such  great  importance,  is  clinically  so  slightly  marked  by  • 
symptoms  that  it  is  frequently  ignored  ;  and  when  we  say  that  a  wound  i 
is  "inflamed,"  we  mean  that  some  cause  of  inflammation  other  than  the 
original  injury  has  been  introduced,  which  is  causing  the  process  to  extend  1 
beyond  the  area  actually  injured  by  the  cutting  instrument.    The  causes  of  : 
such  inflammation  have  already  been  so  fully  discussed  that  we  need  do  > 
no  more  here  than  recapitulate  them.    They  are  predisposing  and  direct. . 
The  predisposing  causes  are  the  same  as  those  of  inflammation  in  general  I 
(see  page  159).    The  most  important  of  these  for  wounds  are  :  chronic  • 
alcoholism,  insufficient  and  improper  food,  Bright's  disease  and  diabetes, . 
scurvy,  &c.,  and  local  malnutrition  from  disease  of  the  arteries.    The  direct . 
causes  are  mechanical,  as  fi'iction  from  want  of  rest,  tension  from  tight : 
stitches  or  from  insufficient  di'ainage,  or  pressure  from  tight  bandaging  ; ; 
chemical,  as  the  persistent  contact  with  the  raw  surface  of  an  irritating  anti-  - 
septic  or  the  products  of  putrefaction  ;  and  lastly,  the  true  infective  poisons,  as « 
those  of  erysipelas,  pyaemia,  hospital  gangrene,  &c.     In  the  vast  majority  of  i 
cases  in  which  a  wound  "  inflames,"  the  immediate  cause  is  the  presence  of  i 
putrid  discharges  with  insufficient  drainage. 

When  a  wound  becomes  "inflamed,"  the  natural  slight  swelling  and  redness s 
of  the  lips  becomes  exaggerated  and  extends  further  from  the  edges  than  it  t 
should,  and  instead  of  tending  to  subside  after  the  first  twenty-four  hours,  iti 
continues  to  extend  to  the  third  day  or  even  later.    The  serous  discharge, . 
instead  of  ceasing  on  the  second  day,  continues  to  flow  and  may  increase  con-  - 
siderably  in  quantity,  and  gradually  by  the  third  or  fourth  day  assmnes  a  i 
distinctly  purifomi  character.    Instead  of  the  perfect  painlessness  of  a  healthy  v 
wound,  there  is  throbbing  tensive  pain  with  acute  tenderness.    The  tempera-  - 
ture  rises  to  101° — 104°  Fahr.  according  to  the  size  of  the  wound  and  1! 
the  cause  of  the  inflammation.    In  all  cases  the  thermometer  gives  timely 'j 
warning  of  the  approach  of  this  traumatic  fever.    The  use  of  this  instnmient  J 
in  surgical  practice  is  attended  with  great  advantage,  as  it  is  often  the  first  to 
indicate  the  onset  of  some  of  the  more  serious  sequels  of  wounds.    The  other  ■ 
symptoms  of  fever,  hot  skin,  quick  pulse,  thirst,  &c.,  are  also  present.   In  these 
circumstances  all  chance  of  union  by  the  first  intention  is  of  course  at  an  end  ;  ; 
some  or  all  of  the  sutures  should  be  immediately  removed  to  facilitate  drainage 
and  relieve  tension,  and  strips  of  plaster  may  be  used  for  support  only  and  not . 
for  the  purpose  of  maintaining  contact  of  the  surfaces  in  the  hope  of  obtaining: 
union.    If  the  wound  is  aseptic,  the  relief  of  tension  alone  may  suffice  to 
relieve  the  symptoms  :  if  the  discharges  are  decomposing,  some  warm  moist  and 
antiseptic  application  should  be  used.    The  best  of  these  is  boracic-acid-lint, . 
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three  or  four  layers  thick,  moistened  in  a  sohition  of  horacic  acid,  and  apphcd  as 
hot  as  the  patient  can  bear  it.  It  must  be  covered  with  oiled  silk  and  cotton- 
wool, and  changed  every  four  hours.  If  this  be  not  available,  a  small  quantity 
of  carbolic  acid  (about  1  to  50)  may  be  added  to  the  warm  water,  and  applied 
on  lint ;  or  a  hot  solution  containing  two  grains  of  chloride  of  zinc  to  the  ounce 
may  be  used.  Simple  warm-water-dressings  and  poultices  should  be  avoided, 
as  they  tend  so  powerfully  to  encourage  putrefaction.  If  the  discharge  is 
very  abundant,  the  actual  wound  may  be  protected  with  a  piece  of  lint  dipped 
in  carbolic  oil  (1  in  10),  and  the  whole  part  surrounded  with  a  mass  of  oakum 
wrung  out  of  hot  water,  and  applied  like  a  hot  fomentation.  If  the  wound 
be  at  all  foul,  the  cavity  must  be  syringed  out  at  each  dressing  with  some 
antiseptic  solution,  or  a  small  (juantity  of  iodoform  may  be  powdered  into  it. 

When  the  signs  of  acute  inflammation  have  subsided,  strips  of  lint  dipped 
in  the  lead  lotion  (p.  313),  and  applied  like  straps  to  bring  the  surfaces 
together,  will  be  found  a  very  useful  dressing.  When  granulations  have  sprung 
up  and  suppuration  has  fairly  set  in — that  is  to  say,  by  about  the  tenth  day — 
the  granulating  surfaces  may  if  possible  be  brought  together  again  by  plasters 
and  bandages,  with  a  view  to  their  uniting  by  "  secondary  adhesion."  If  this 
should  be  impossible,  the  raw  surface  becomes  a  "  healthy  granulating  sore," 
and  must  be  treated  in  accordance  with  the  principles  that  guide  us  in  the 
management  of  ulcerated  surfaces  (p.  259,  et  seq.).  During  the  period  of  sup- 
puration, the  patient's  strength  must  be  well  supported  by  proper  diet,  and  his 
general  health  carefully  attended  to. 

Inflammation  may  occur  at  a  later  period  of  the  case,  owing  to  a  failure  in 
the  drainage,  and  the  accumulation  of  septic  matter  in  the  cavity,  or  to  the 
infection  of  the  wound  with  one  of  the  specific  infective  processes,  as  hospital 
gangrene,  erysij^elas,  wound  diphtheria,  &c.  Under  these  circumstances  any 
union  that  may  have  taken  place  breaks  down.  The  symptoms  and  treatment 
of  the  specific  inflammation  will  be  fully  described  in  the  chapter  specially  de- 
voted to  them.  Inflammation  from  accumulation  of  decomposing  discharges  must 
be  treated  by  partially  opening  up  the  wound  and  re-inserting  the  drainage-tubes. 

CONTUSED  AND   LACEEATED  WOUNDS. 

These  may  be  defined  as  wounds  that  are  attended  by  more  or  less  bruising 
or  tearing  about  the  edges  and  sides  ;  presenting  every  possible  variety  in  the 
degree  of  contusion  and  of  wound,  from  a  cut  on  the  shin  to  the  crushing  and 
laceration  of  a  limb  by  a  cannon-shot.  They  are  commonly  inflicted  by 
blunt  instruments,  as  by  stones,  bludgeons,  &c.    Lacerations  by  machinery, 

fin  which  parts  are  torn-off  or  crushed,  the  bites  and  gorings  of  animals,  and 
gun-shot  injuries  of  all  kinds,  come  under  this  denomination. 
Characters. — Whatever  their  mode  of  infliction,  these  wounds  present 
certain  characters  in  common,  by  which  they  differ  from  all  other  injuries, 
i  Their  lips  are  irregular  and  torn,  less  gaping  than  incised  wounds,  but  sur- 
I  rounded  by  more  or  less  ecchymosis  and  contusion.  There  is  usually  but  little 
hsemorrhage,  and  the  pain  is  of  an  aching  or  dull  character. 
I    They  differ  from  incised  wounds  in  the  fact  that  a  distinct  layer  of  tissue 
injured  by  the  instrument  which  inflicted  the  woimd  is  actually  killed,  and, 
if  of  any  thickness,  must  be  separated  and  thrown  off,  as  a  slough,  before  union 
can  take  place.    No  sharp  line  can,  however,  be  drawn  between  the  different 
kinds  of  wounds.    Some  wounds,  which  from  their  mode  of  infliction  and 
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appearance  would  be  classed  as  lacerated,  are  in  reality  capable  of  nnitiug  by 
first  intention,  tlie  layer  of  dead  tissue  being  either  microscopic  or  wanting. 
This  is  especially  the  case  in  vascular  parts,  such  as  the  scalp  and  face. 
In  other  cases,  a  wound  apparently  similar  may  slough  for  a  considerable 
distance  on  each  side. 

In  consequence  of  the  sloughy  state  of  their  lips  and  sides,  the  majority  of 
contused  and  lacerated  irounds  unite  hj  the  second  intention. 

Contused  and  lacerated  wounds  present  peculiarities  according  to  the  mode 
of  their  infliction. 

When  they  are  occasioned  by  the  bite  of  a  large  animal,  the  part  injured  1 
becomes  very  painful,  and  inflames  extensively;  the  wound  being  lacerated,! 
much  contused,  and  often  penetrating  deeply.  It  sloughs  in  consequence  of 
the  pressure  to  which  it  has  been  subjected,  and  of  the  shaking  and  tearing  of 
the  part  by  the  animal.  When  inflicted  by  the  tusk  or  horn  of  an  animal,  the 
wound  is  extensively  lacerated  rather  than  contused,  and  often  partakes  of  the 
natm'e  of  a  punctured  wound. 

When  a  part  of  the  body  is  torn  off,  the  wound  presents  peculiar  characters  ; 
which  differ,  however,  according  as  the  separation  is  effected  at  the  part  struck 
or  seized,  or  at  a  distance  from  it.  In  the  first  case — as  when  a  cannon-ball 
carries  off  a  limb,  or  an  arm  is  caught  in  a  steam-mill  or  rag-tearing  machine 
and  crushed  or  torn  off— the  stump  presents  a  very  ragged  surface,  the  skin 
being  stripped  away  higher  than  the  other  parts,  the  tendons  hanging  out,  and 
the  bellies  of  the  muscles  that  are  torn  across  being  swollen,  protruding,  and 
apparently  constricted  by  the  lacerated  integument.  A  most  important  con- 
dition in  such  wounds  is  the  state  of  the  vessels  ;  these  are  separated  lower 
down  than  the  other  parts,  for,  being  elastic,  they  elongate  and  pull  out  before 
they  give  way.  There  is  no  heemorrhage,  because  the  inner  and  middle  coats 
of  the  artery,  breaking  off  short,  retract  and  contract  to  a  small  aperture,  and 
allow  the  external  coat  to  be  dragged  down  and  twisted  over  them,  in  such  a  way 
as  to  offer  a  complete  barrier  to  the  escape  of  blood.  The  bone  is  crushed 
off  at  the  end  of  the  conical  stump,  of  whicli  it  forms  the  irregular  apex,  and 
is  often  split  up  to  the  next  joint  above. 

Occasionally,  when  parts  are  pulled  off,  they  are  separated  at  a  distance  from 
the  point  seized.  Thus,  fingers  that  have  been  torn  off  by  machinery  have 
their  extensor  and  flexor  tendons  separated  higher  up,  at  their  junction  with 
the  belly  of  the  muscle,  and  not  at  the  part  seized  ;  the  tendon  being  drawn 
out  of  its  sheath,  and  hanging  on  to  the  separated  end  in  a  ribbon-like 
manner. 

This  peculiar  tearing  away  of  the  tendon  from  its  attachment  to  the 
muscle  and  not  across  the  line  of  laceration  of  the  limb,  was  described  by 
several  writers  in  the  Memoirs  of  the  Academy  of  Surgery  of  Paris  in  the 
middle  of  the  last  century  and  the  accompanying  figures  103, 104,  taken  from 
Morand's  Paper,  illustrate  well  this  very  singular  injury.  In  railway  accidents, 
when  a  train  has  passed  over  a  limb  without  completely  separating  it,  the 
muscles  may  be  found  detached  from  their  origins. 

Progress.— In  the  progTess  of  a  contused  or  lacerated  wound  there  are  two 
distinct  periods  :  1,  that  of  the  separation  of  the  slough  produced  by  the  con- 
tusion ;  2,  that  of  Repair  by  Granulations  of  the  chasm  left.  These  processes 
are  analogous  to  those  which  occur  in  ulceration,  described  at  pao-e  102. 

The  Extent  of  the  Slough  depends  not  only  upon  the  extent  and  severity, 
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but  also  upon  the  situation  of  the  injury.  If  the  parts  arouud  the  wound  be 
much  bruised,  superficial  sloughing  to  a  great  extent  may  occur  ;  if  the 
wound  be  deep  though  not  extensive,  there  will  always  be  danger  of  deep 
suppuration  and  burrowing  of  matter,  leading  to  troublesome  sloughing,  and  in 
some  cases  to  secondary  haemorrhage.  Those  wounds  that  are  situated  imme- 
diately over  bony  points— as  the  shin- and  elbow— are  especially  tedious,  as  the 
slough  frequently  implicates  the  fascite,  and  therefore  separates  slowly.  The 
scalp  has  a  less  tendency  to  slough  than  any  other  part  of  the  cutaneous 
surface.  This  is  owing  to  its  great  vascularity,  and  to  the  large  supply  of 
blood  which  it  receives  from  closely  subjacent  arteries.  In  all  cases  of 
contused  and  lacerated  wounds,  in  which  sloughing  and  suppuration  follow  the 


injury,  there  is  a  greater  liability  to  the  supervention  of  erysipelas  than  in 
cleanly  cut  incised  wounds.  In  most  contused  wounds  the  extent  of  the 
slough  is,  to  a  certain  extent,  influenced  by  treatment.  On  each  side  of  the 
wound,  beyond  the  layer  of  tissue  actually  killed  is  an  area,  frequently  of  con- 
siderable extent,  in  which  the  tissues  are  damaged  and  hovering  between  life 
and  death,  and  any  additional  irritation  will  suffice  to  extinguish  the  remains 
of  vitality.  Thus,  if  such  a  wound  be  tightly  sewn  up  the  tension  of  the 
stitches  will  inevitably  cause  slougbing  in  the  whole  doubtful  area.  The 
'  irritation  of  decomposing  discharges  is  another  most  potent  cause  of  extension 
of  the  area  of  death,  and  in  fiict,  it  is  in  such  wounds  much  more  than  in 
clean  cut  incisions,  that  the  immense  benefit  of  some  form  of  antiseptic 
treatment  is  most  clearly  recognized.    In  primary  amputations  for  contused 


Fig.  103.— Ring  Finger  torn  off,  with 
deep  Flexor  Tendon. 


Fig.  104.— Thunil)  torn  off,  witli 
Tendon  attached. 
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and  lacerated  wounds  it  frequently  liappens  that  the  incisions  pass  through 
this  doubtful  area,  and  the  extra  injury  thus  done  determines  the  death  of 
the  ]iart,  even  though,  at  the  time,  it  may  ha^'e  appeared  uninjured. 

The  chief  danger  to  be  apprehended  in  wounds  of  this  description  is  the 
supervention  of  Gangrene,  which  may  occur  in  three  ways. 

1.  In  some  cases  the  \'iolence  done  to  the  part  is  so  great  as  directly  to  kill 
its  whole  substance.  Thus,  if  a  limb  be  crushed  to  a  pulp  by  machinery,  or 
by  the  passage  of  a  heavy  waggon  over  it,  all  circulation  is  completely  and  at 
once  arrested,  the  vitality  of  the  part  is  destroyed  outright,  and  it  will  speedily 
fall  into  a  state  of  putrefactive  decomposition,  with  all  the  usual  signs  of 
mortification.  This  is  a  local  traumatic  mortification,  evincing  no  disposition 
to  spread  beyond  the  part  injured,  but  being  bounded  by  a  line  of  demarcation 
along  which  it  Avill  separate.  It  is  not  always  easy  to  distinguish  this  direct 
fonn  of  gangrene  from  such  discoloration  and  disorganization  of  a  limb  as  are 
stih  compatible  Avith  life.  In  all  cases  of  doubt  the  Surgeon  must  wait,  and  a 
very  short  time — a  few  hours — will  be  sufficient  to  declare  whether  the  vitality 
of  the  part  can  be  maintained  or  not.  In  cases  of  much  doubt  an  incision 
might  be  made  into  the  part,  and  the  true  state  of  things  thus  ascertained  : 
but  this  should  not  be  done  if  it  can  pos8ii)ly  be  avoided,  and  if  undertaken 
the  most  rigid  antiseptic  treatment  should  be  adopted,  as  the  decomposition  of 
the  extravasated  blood  in  the  tissues  of  the  bruised  part  would  inevitably 
extinguish  such  vitality  as  remained.  In  many  cases  it  is  a  good  plan  to 
disinfect  the  part  carefully,  dress  it  antiseptically,  and  wait  for  the  line  of 
demarcation  between  the  dead  and  living  parts  to  form  before  undertaking 
any  oi^cration. 

2.  The  injury  may  be  inflicted  chiefly  upon  the  great  vessels  of  the  limb, 
damaging  them  to  such  an  extent  as  to  completely  interrupt  the  circulation  ; 
gangrene  being  thus  induced  indirectly  in  the  parts  supplied  by  them.  This 
form  of  gangrene  we  shall  have  occasion  to  treat  of  fully  when  speaking  of 
Injuries  of  the  Arteries. 

3.  The  true  "  spreading  gangrene,"  the  most  fatal  variety  of  mortification, 
is  most  commonly  the  result  of  severe  contused  and  lacerated  wounds,  par- 
ticularly when  complicated  with  fractures.  This  is  a  most  acute  infective 
inflammation,  terminating  rapidly  in  gangrene,  and  will  be  described  with  the 
other  infective  processes  occurring  in  wounds. 

Treatment  of  Contusjid  and  Lacerated  Wounds. — In  the  treatment  of 
the  slighter  form  of  these  injuries,  we  must  liear  in  mind  the  occurrence  of  the 
two  distinct  periods  :  1,  that  of  sloughing  ;  and  2,  that  of  granulation.  There 
is  also  in  all  injuries  of  this  description  a  special  tendency  to  the  occm-rence  of 
eiysipelas  and  allied  diseases. 

Care  must  be  taken  to  clean  the  parts  thoroughly  from  foreign  bodies  that 
are  frequently  impacted  or  ground  into  them.  However  contused  and  torn  a 
flap  of  skin  may  be,  it  should,  as  a  general  rule,  never  be  removed,  provided 
it  maintain  any  attachment  to  the  neighbouring  tissues,  but  should  always  be 
replaced  on  the  chance  of  its  vitality  being  preserved.  If  it  live,  as  it  will 
often  do,  especially  about  the  scalp  and  face,  under  apparently  the  most  dis- 
couraging circumstances,  much  will  l)e  gained  ;  if  it  slough,  no  harm  can 
result  from  the  attempt  t.)  preserve  it.  There  are  cases  on  record  in  which 
parts  that  have  been  even  completely  separated  have  become  attached,  by  being 
immediately  reapplied  to  the  surface  from  which  they  had  been  torn  or  cut. 
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Whether  or  nofc  this  be  actually  the  case  in  contused  or  lacerated  wounds,  it  is 
at  all  events  certain  that  a  very  small  tongue  of  skin  is  sufficient  to  maintain 
the  vitality  of  a  part.  This  we  see  exemplified  in  the  operation  for  the 
restoration  of  a  lost  nose  ;  and  cases  have  occurred  to  me  in  which  the  nose, 
nearly  cut  off",  being  retained  only  by  a  portion  of  one  ala,  has  readily  united 
on  being  replaced  ;  so  likewise,  in  bad  cases  of  compound  dislocation  of  the 
fingers,  the  part  has  been  saved,  though  merely  attached  by  a  narrow  bridge 
of  skin.  After  a  part  has  been  replaced  in  this  way,  it  should  be  retained  in 
situ  by  a  few  points  of  interrupted  suture,  and  dressed  with  boracic  acid  oint- 
ment spread  on  thin  muslin  or  some  other  unirritating  antiseptic  application. 
In  lacerated  wounds  opening  into  the  mouth  or  nose  a  piece  of  lint  soaked  in 
collodion  may  be  applied  externally,  as  there  Avill  be  ample  drainage  ft'om  the 
internal  aspect  of  the  wound.  The  sutures  in  these  cases  must  be  left  in  for  a 
somewhat  longer  time  than  usual,  until  good  union  has  resulted.  The 
hremorrhage,  as  before  mentioned,  is  as  a  rule  easily  controlled  ;  position, 
application  of  cold,  and  the  subsequent  bandaging  being  sufficient  in  the 
majoi-ity  of  cases.  When,  however,  the  blood  is  bright-coloured  and  continues 
to  drip  from  the  wound,  a  vessel  of  some  size  has  been  divided  :  this  should 
be  searched  for,  and  the  opening  closed  by  torsion  or  ligature. 

Ordinary  cases  of  contused  or  lacerated  wounds,  whether  superficially  exten- 
sive or  deep,  are  best  treated  on  exactly  the  same  principles  as  incised  wounds. 
Although  we  cannot  hope  for  union  by  the  first  intention,  rest  is  necessary  to 
favour  such  union  as  may  occur,  and  to  relieve  the  patient  from  pain  ; 
drainage  requires  special  attention,  as  the  injury  being  more  severe,  the  early 
exudation  from  the  wound  will  be  more  abmidant ;  and  the  jjre^vw^w;^  of 
decomposition  becomes  of  the  gi'eatest  importance,  as  the  irritation  of  putrid 
matter  might  extinguish  the  vitality  in  tissues  which  would  otherwise  have 
recovered.  In  treating  such  wounds  by  the  antiseptic  method  exactly  the 
same  proceedings  must  be  adopted  as  in  an  accidental  incised  wound  (page  308), 
but  greater  care  is  necessary  in  cleaning  the  wound  with  the  carbolic  lotion  on 
account  of  its  irregular  nature.  If  there  is  no  chance  of  union  at  any  part, 
it  is  better  not  to  insert  stitches  ;  for,  as  it  must  heal  by  granulation  after 
the  separation  of  the  sloughs,  nothing  can  be  gained  by  their  use,  and  they  may 
seriously  impede  the  drainage.  There  is  no  class  of  wounds  in  which  the 
benefits  of  antiseptic  treatment  are  more  marked  than  in  these.  Under  its 
use  the  sloughs  may  separate  with  scarcely  any  suppuration,  and  the  inflam- 
mation accompanying  the  process  may  not  extend  a  tenth  of  an  inch  beyond 
the  dead  tissue ;  and  all  this  may  occur  without  any  general  febrile  disturbance. 
In  contused  and  lacerated  wounds  of  the  hand  or  foot,  in  which  the  parts  are 
often  extremely  dirty,  it  is  safer  to  put  the  limb  in  a  bath  of  carbolic-acid- 
lotion  (1  in  40)  for  about  a  quarter  of  an  hour  before  applying  the  di'essing  in 
order  to  ensure  thorough  asepticity. 

Should  the  antiseptic  dressing  fail,  or  should  the  case  not  be  seen  till 
decomposition  has  commenced,  Dismfeciants  must  be  freely  used.  The  wounds 
must  be  washed  or  syringed  out  several  times  a  day  with  weak  solutions 
of  chloride  of  zinc,  of  permanganate  of  potash,  or  of  carbolic  acid.  In  this 
way  sloughs  and  decomposing  pus  may  be  removed,  and  the  tendency  to  local 
inflammation  of  a  spreading  character,  and  to  the  development  of  pyajmia, 
averted.  There  is  no  more  fertile  cause  of  these  disastrous  effects  than  the 
retention  of  foetid  decomposing  pus  in  the  areolar  tissue  of  a  contused  wound. 


320 


INJURIES  OF  SOFT  PARTS. 


The  separation  of  the  sloughs  must  be  facilitated  by  the  application  of  warmth 
and  moisture,  which  serves  also  to  subdue  local  inflammation.  Boracic-acid- 
liut,  moistened  with  hot  boracic  lotion  and  covered  with  oiled  silk  and  cotton- 
wool, is  the  best  of  all  applications.  It  is  a  most  efficient  antiseptic,  easily- 
applied,  and  perfectly  clean.  If  the  wound  becomes  very  foul,  the  surface 
may  be  sprinkled  with  iodoform  in  crystals.  Carded  oakum,  moistened  in  hot 
water  and  covered  with  oiled  silk,  answers  the  purpose  tolerably  well ;  it  is 
cheap  and  antiseptic,  but  dirties  the  skin.  Linseed  meal  poultices  should 
always  be  avoided  ;  they  encourage  putrefaction  and  greatly  increase  the  sup- 
puration, the  evil  they  do  in  this  Avay  more  than  counterbalancing  the  comfort 
the  patient  experiences  from  their  application. 

About  the  period  at  which  the  slough  begins  to  be  loosened,  there  is  danger 
of  the  occurrence  of  haemoi'rhage,  if  a  large  artery  have  been  implicated  in 
the  injury.  When  haimorrhage  occurs  in  this  way,  it  usually  sets  in  from  the 
sixth  to  the  twelfth  day,  and  may  be  speedily  fatal  ;  its  treatment  will  be  the 
same  as  that  to  be  hereafter  described  for  secondary  hasmorrhage  after  ligature 
of  an  artery  in  its  continuity.  After  the  sloughs  have  separated,  an  ulcer  is 
left,  which  must  be  treated  on  general  principles. 

Amputation. — In  the  more  severe  cases  of  contused  or  lacerated  wounds, 
any  attempt  at  saving  the  part  may  be  hopeless  ;  then  the  patient's  only  chance 
lies  in  amputaiion.  In  determining  the  expediency  of  operation,  two  questions 
present  themselves:  1,  the  nature  of  the  cases  in  which  amputation  should  be 
performed ;  and,  2,  the  time  at  which  it  should  be  done,  whether  immediately 
after  the  infliction  of  the  injury,  or  subsequently. 

It  is  difficult  to  lay  down  more  than  very  general  rules  as  to  the  hind  of 
cases  that  require  amputation ;  much  depending  on  the  age,  constitution,  and 
previous  habits  of  the  patient.  In  all  cases  the  Surgeon  should  be  careful  not 
to  condemn  a  limb  that  admits  of  a  fair  chance  of  being  saved. 

As  a  general  rule,  severe  injuries  are  more  readily  recovered  from  in  the 
young  than  in  the  old,  their  vitality  and  elasticity  of  constitution  being  greater, 
and  their  tendency  to  consecutive  diseases  less.  Much  will  depend  upon  the 
habits  of  the  patient,  or  upon  the  existence  of  visceral  disease  at  the  time  of 
the  injury.  In  persons  who  have  been  free  livers,  and  who  have  that  peculiar 
irritability  of  system  conjoined  with  deficient  power  commonly  observed  in 
such  subjects,  and  more  especially  if  there  be  already  existing  disease  of  the 
liver  or  kidneys,  contused  and  lacerated  wounds  are  apt  to  be  followed  by  the 
worst  forms  of  erysipelas  and  trauuiatic  gangrene,  and  thus  to  be  speedily 
fatal.  Injuries  of  the  upper  extremity  are  less  serious  than  those  of  the  lower ; 
its  supply  of  blood  being  proportionately  greater.  In  some  badly  contused 
wounds,  also,  of  the  arm  and  hand,  as  in  bad  lacerations  with  fracture  about 
the  shoulder,  elbow,  or  metacar]-)us,  resection  of  the  injured  part  may  be  per- 
formed instead  of  amputation  of  the  limb. 

Though  there  must  be  in  many  cases  a  doubt  as  to  the  neccssitv  of 
amputation,  there  are  certain  conditions  in  which  the  Surgeon  need  never 
hesitate  to  perform  this  operation,  as  the  only  chance  of  saving  the  patient's 
life.  The  following  are  the  cases  of  severe  contusion  and  laceration  in  which 
the  limb  should  be  amputated ;  cither  with  the  ^iew  of  prcventino-  the  occur- 
rence of  gangrene,  or  in  order  to  remove  a  mortified  part  from  tlfe  body,  and 
thus  to  save  the  life  of  the  patient  at  the  expense  of  the  injured  limb. 

1.  If  a  limb  have  been  torn  ofl'  by  machinery,  carried  away  by  a  cannon-ball, 
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or  cut  off  by  tlie  passage  of  a  railway-train  over  it,  the  irregular  and  conical 
stump  should  be  amputated,  so  as  to  leave  a  more  useful  and  healthy  one  to 
the  patient. 

2.  If  the  whole  thickness  of  a  limb — the  soft  parts  and  the  bones — be 
thoroughly  disorganized  and  crushed,  it  must  be  removed. 

3.  If  the  soft  parts  be  extensively  stripped  away  from  the  bones,  though 
these  be  entire,  so  much  sloughing  and  suppuration  will  ensue  as  to  leave  a 
useless  limb,  and  amputation  should  be  performed.  It  is  in  these  cases  that 
it  is  often  especially  difficult  to  estimate  the  amount  of  injury  that  cannot  be 
recovered  from,  as  so  much  depends  upon  the  age  and  constitution  of  the 
sufferer.  I  believe  that  Surgeons,  in  their  anxiety  to  save  a  limb,  often  lose 
a  patient  under  these  circumstances.  I  have  more  than  once  had  reason  to 
regret  having  attempted  to  save  limbs  injured  in  this  way ;  and  believe  that, 
if  the  skin  of  the  lower  extremity  be  extensively  torn  down  and  the  muscles 
much  lacerated,  so  as  to  slough  away,  there  is  but  little  chance  for  the  patient 
— unless  he  be  young,  and  of  a  remarkably  sound  constitution — except  in 
amputation.  In  the  upper  extremity  it  is  different ;  there,  recovery  may  take 
place  under  the  most  adverse  circumstances.  In  all  parts  the  dangers  of 
attempting  to  save  a  limb  have  been  greatly  reduced  by  the  antiseptic  treat- 
ment. If  decomposition  of  the  sloughing  tissues  can  be  prevented,  there  will 
be  little  fever  and  but  slight  local  inflammation,  and  the  risk  of  pya3mia  and 
erysipelas  or  other  infective  processes  is  scarcely  appreciable.  Supposing  the 
attempt  to  save  a  useful  limb  to  fail,  if  the  antiseptic  treatment  is  successful 
the  chances  of  recovery  are  in  no  way  impaired  by  the  delay  in  amputating. 

4.  So  also,  if  the  knee  be  largely  opened,  with  laceration  of  the  soft  parts 
and  perhaps  fracture  of  the  contiguous  bones,  the  limb  must  be  amputated. 
Corresponding  injuries  of  the  ankle,  shoulder,  and  elbow  joints,  may,  as  has 
already  been  stated,  admit  of  resection  rather  than  of  amputation.  In  these 
cases  also,  the  antiseptic  treatment  is  an  important  aid  in  saving  a  limb,  for  if 
decomposition  can  be  prevented,  the  mere  fact  that  a  joint  is  opened  adds  but 
Httle  to  the  gravity  of  the  case. 

5.  Bad  crushes  of  the  foot  have  a  gi^eat  tendency  to  run  into  gangrene,  and 
lience  require  amputation.  In  the  hand,  on  the  contrary,  veiy  extensive  inju- 
ries are  often  recovered  from,  without  this  operation  being  necessaiy ;  and  in 
many  cases  partial  resection  may  be  substituted  for  it. 

0.  In  those  cases  in  which  a  large  artery,  as  the  femoral,  is  lacerated  at  the 
same  time  that  the  soft  parts  are  extensively  injured,  and  the  bone  ft-acturcd, 
amputation  is  required  in  order  to  prevent  the  occurrence  of  gangrene.  In  the 
more  local  form  of  traumatic  gangrene,  in  which  the  disease  is  confined  to  the 
part  directly  crushed  and  injured,  no  good  can  come  of  delay,  so  amputation 
should  be  performed  as  soon  as  mortification  has  declared  itself ;  and  the  limb 
must  be  removed  at  a  sufficient  distance  from  the  seat  of  mischief.  When  the 
mortification  results  indirectly  from  injury  of  the  vessels,  the  limb  should  also 
be  immediately  removed  in  a  line  with  the  wound,  unless  this  be  too  high  up ; 
then  the  most  favourable  point  must  be  seized,  as  will  hereafter  be  explained. 
Amputation  in  these  circumstances  is  by  no  means  a  very  unfavourable  opera- 
tion (and  it  is  one  that  I  have  several  times  successfully  performed),  provided 
it  be  done  sufficiently  early,  before  the  constitution  becomes  poisoned  by  the 
absorption  of  septic  matters  from  the  gangrenous  tissues.  It  is  scarcely  neces- 
sary to  warn  the  Surgeon  to  be  certain  of  the  existence  of  gangrene  before  he 
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operates ;  and  also  that  it  be  not  a  mere  limited  slough,  but  sufficiently  exten- 
sive to  jeopardize  the  patient's  life. 

7.  In  cases  in  -which  spreading  gangrene  attacks  the  wound  early,  amputa- 
tion is  the  only  hope  of  saving  the  patient. 

The  question  as  to  the  period  at  wliich  amputation  should  be  performed 
in  contused  wounds  from  gunshot  will  be  considered  at  p.  34!).  It  may  be 
generally  stated,  that  the  sooner  a  condemned  limb  is  taken  oif,  the  less  is  the 
suffering,  and  the  better  the  chance  of  recovery  of  the  patient ;  and  that,  con- 
sequently, primary  amputation  should  be  practised  in  these  cases.  By  refer- 
ence to  the  tables  on  p.  82,  it  will  be  seen  that,  although  the  average  mortality 
for  all  prhnary  operations  is  less  than  the  average  moi-tality  for  all  secondary 
operations,  yet  primary  amputation  through  the  thigh  is  more  fatal  than 
secondary  amputation  in  the  same  region.  Notwithstanding  this,  it  is  absolutely 
necessary  in  many  cases  to  remove  the  injured  limb  within  the  first  twenty- 
four  hours.  The  higher  rate  of  mortality  of  primary  tliigh-amjiutations  may 
be  due  chiefly  to  the  greater  severity  of  the  injuries  that  manifestly  require 
mmediatc  operation,  than  of  those  in  which  it  is  thought  justifiable  to  attempt 
to  save  a  limb ;  and  certainly,  of  the  two  alternatives — of  leaving  a  badly 
crushed  and  mangled  limb  until  suppuration  has  set  in,  and  thus  exposing 
the  patient  to  all  the  risks  of  gangrene,  erysipelas,  pyaamia,  &c.,  or  removing 
it  at  once — the  latter  is  the  one  attended  with  least  danger  to  the  patient. 

A  limb  is  sometimes  so  severely  and  hopelessly  crushed  and  torn  that  any 
attempt  at  its  preservation  must  be  useless;  whilst  at  the  same  time  the 
patient  is  so  severely  injured  internally,  or  is  so  prostrated  by  the  general 
shock  to  the  system,  that  amjtutation  as  a  formal  operation  would  be  as  useless 
as  it  would  be  uujustitial)le,  the  patient  having  at  most,  perhaps,  but  a  few 
hours  to  live.  In  these  circumstances  the  best  thing  that  can  be  done  is  to 
put  on  a  tourniquet  tightly,  partly  to  restrain  haemorrhage,  and  partly  to 
restram  the  painful  quivering  of  the  muscles,  and  to  wrap  up  the  maimed 
limlj  in  a  wet  cloth.  Hhould  the  limb  have  been  nearly  oompletely  detached — 
merely  hanging  on  by  shreds  of  the  lacerated  muscles— these  may  be  divided,  , 
and  its  removal  thus  effected  without  additional  shock  or  sufterinu'. 

Brush-Buen.— There  is  a  peculiar  species  of  wound,  that  ])artakes  perhaps  \ 
more  of  the  characters  of  those  wounds  that  we  have  just  been  considering : 
than  of  any  other,  and  is  occasioned  by  rapid  and  severe  friction  of  the  surface  ? 
of  the  body,  so  that  the  skin  becomes  abraded  and  the  subjacent  tissues  some-  • 
what  contused.  It  goes  by  the  name  of  a  "  brush-burn,"  and  is  not  imfre-  • 
quently  produced  in  the  manufacturing  districts,  by  the  surface  of  the  body.- 
coming  into  contact  with  straps  or  portions  of  machinery  in  rapid  revolution. . 
It  has  also  been  known  to  occur  in  consequence  of  a  person  slipping  andi 
sliding  rapidly  down  a  long  and  steep  Alpine  snow-slope.  In  this  injury  the 
intcgumental  structures  are,  as  it  were,  ground  off,  and  the  areolar  and 
aponeurotic  structures  converted  into  an  eschar. 

The  Treatment  presents  nothing  special,  but  may  be  conducted  on  ordinary 
principles.  ^  The  separation  of  the  eschars  nmst  be  facilitated  by  moist  anti- 
septic applications;  the  resulting  sores  will  heal  by  granulation;  and  the 
general  health  must  be  supported  during  the  suppurative  period  that  must 
necessarily  ensue. 

BTABS  AND   PUNCTURED  WOUNDS. 

These  wounds,  made  by  naiTow  sharp-pointed  instruments,  vary  greatly  in 
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extent,  from  the  prick  of  a  needle  in  the  finger  to  a  sword-thrust  through  the 
body.  Not  unfrequently  punctured  wounds  are  somewhat  contused,  being 
made  by  a  triangular  or  wedge-like  weapon,  as  a  bayonet  or  lance-blade. 
When  deep,  they  are  of  a  most  dangerous  character— wounding  blood-vessels, 
traversing  the  great  cavities,  and  injuring  the  contained  viscera.  A  punctured 
wound  is  extremely  difficult  to  drain,  the  external  orifice  being  very  small  in 
proportion  to  the  area  of  the  surface.  Thus,  if  a  narrow  weapon  half  an  inch 
in  width  were  thrust  into  the  thigh  for  a  depth  of  six  inches,  the  area  of  the 
two  surfaces  of  the  wound  would  be  six  square  inches,  while  the  external  open- 
ing would  be  only  half  an  inch  in  length.  The  small  external  opening  is  easily 
choked  by  a  clot  of  blood,  and  is  fi-equcntly  injudiciously  closed  by  the  Surgeon. 
The  whole  track  becomes  distended  with  the  blood  or  the  serous  exudation 
from  the  injured  surfaces,  and  unless  proper  means  are  taken  to  prevent  it, 
decomposition  sets  in,  followed  by  inflammation  and  suppuration  extending 
deeply  into  the  injured  part.  In  consequence  of  this,  combined  with  the 
insufficient  exit  for  the  discharges,  the  pus  may  burrow  deeply,  large  collec- 
tions of  septic  matter  may  form,  and  severe  constitutional  disturbance  is  the 
necessary  result. 

Treatment. — In  the  treatment  of  punctured  wounds,  the  principal  points 
are  to  arrest  the  htemorrhage,  and  to  facilitate  union. 

The  htemorrhage  must  be  aiTested  by  pressure  properly  applied  by  means  of 
compresses  or  pads,  so  as  to  approximate  the  sides  of  the  puncture  ;  by  the 
application  of  cold  ;  or  by  cutting  down  on  the  injured  vessel  if  it  be  a  large 
one,  and  ligaturing  above  and  below  the  perforation  in  it. 

In  the  majoi'ity  of  cases  of  severe  punctured  wounds  suppuration  and  union 
by  second  intention  will  take  place  in  consequence  of  the  great  difficulty  in 
di'ainage.  In  order  to  obtain  early  union,  the  cavity  should  be  washed  out 
with  carbolic-acid-lotion  (1  in  40)  or  some  other  antiseptic,  by  means  of  an 
india-rubber  tube  on  the  end  of  a  syiinge.  Care  must  be  taken  that  there  is 
plenty  of  room  for  the  fluid  injected  to  flow  out  rapidly,  otherwise  the  spaces 
of  the  areolar  tissue  will  become  widely  distended  with  the  antiseptic  solution  ; 
all  superfluous  lotion  is  then  squeezed  out,  and  a  drainage  tube  inserted  deeply 
into  the  wound.  This  may  be  shortened  considerably  after  twenty-four  hours, 
and  gradually  diminished  day  by  day  till  it  can  be  safely  removed.  The 
external  application  should  be  one  of  the  forms  of  absorbent  antiseptic 
dressing.  On  no  account  should  a  punctured  wound  be  closed  by  collodion  or 
any  other  occlusive  application.  The  smallness  of  the  external  opening  is  apt 
to  make  the  Surgeon  forget  the  real  extent  of  the  injury.  As  the  tube  is 
shortened,  the  coalescence  of  the  sides  of  the  wound  may  be  encouraged  by 
properly  applied  compresses  and  bandages.  The  deep  inflammation  that  so 
often  follows  these  wounds  is  due  solely  to  insufficient  drainage  and  decompo- 
sition extending  into  the  wound,  and  no  treatment  but  the  prevention  of  these 
conditions  will  exclude  it.  In  former  days,  when  duels  with  the  small  sword 
were  of  frequent  occurrence,  persons  called  "  suckers,"  who  were  often  the 
drummers  of  a  regiment,  were  employed  to  attend  the  wounded  combatants. 
Their  treatment,  which  was  conducted  with  a  certain  degree  of  mystery,  con- 
sisted in  sucking  the  wound  till  all  blood  ceased  to  flow,  and  then  applying 
a  pellet  of  chewed  paper  or  a  piece  of  wet  linen  to  the  orifice  ;  in  this  way 
it  would  appear  that  many  sword-thrusts  traversing  the  limbs  were  healed  in  a 
few  days.    The  process  of  suction  cleared  the  wound  thoroughly  of  all  blood. 
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and,  di-awing  the  sides  into  close  apposition,  placed  the  parts  in  the  most 
favourable  condition  possible  for  union  by  primary  adhesion.  This  practice 
might,  perhaps,  in  many  cases  be  advantageously  imitated  in  the  present  day 
by  means  of  a  cupping-glass  and  syringe. 

Amongst  the  varieties  of  punctured  wounds  that  are  most  commonly  met 
with  in  ordinary  practice  are  those  which  are  occasioned  by  needles  penetrat- 
ing into,  and  breaking  off  in  the  body.  These  accidents  occur  chiefly  in  the 
fingers  and  feet,  and  about  the  nates  ;  and,  though  trivial,  are  often  extremely 
troublesome,  both  to  the  Surgeon  and  the  patient.  When  the  Surgeon  is 
called  shortly  after  the  occurrence  of  the  accident,  he  must  endeavour  to 
remove  the  fragment  left  behind,  by  cutting  down  upon  it.  In  doing  this  he 
will  be  guided  by  the  situation  of  the  puncture,  and  by  the  seat  of  the  pain, 
and  sometimes  by  feeling  the  point  projecting  under  the  skin.  In  many  cases 
this  is  a  sufficiently  simple  proceeding  ;  in  others,  however,  a  deep  and  troul)le- 
some  dissection  may  be  required,  especially  when  the  fragment  of  needle  gets 
into  or  under  the  sheath  of  a  tendon.  I  have  had  occasion  to  undertake 
somewhat  troublesome  dissections  between  the  biceps  tendon  and  the  brachial 
artery,  or  in  the  close  proximity  of  the  ulnar  arteiy,  for  the  removal  of  frag- 
ments of  needles  lodged  in  the  bend  of  the  ann  or  of  the  "WTist.  For  the  pur- 
pose of  extracting  needles,  thorns,  splinters  of  wood,  and  other  foreign  bodies 
of  small  size  and  pointed  shape  lying  in  narrow  wounds,  the  forceps  shown  in 
the  annexed  woodcut  (Fig.  105)  will  be  found  most  serviceable,  as  they  have 


Fig.  105. — Foi'cops  for  removing  SmaU  Pointed  Bodies. 


very  fine  1)ut  strong  and  well-serrated  points.  One  of  the  most  dangerous 
situations  for  a  needle  to  penetrate  is  into  the  anterior  part  of  the  knee-joint, 
lodging  in  the  head  of  the  tibia  or  the  patella,  and  breaking  off  short.  In 
such  cases  the  broken  fragment  should  be  dissected  out  at  once,  the  strictest 
antiseptic  precautions  being  adopted,  so  as  to  prevent  inflammation  of  the 
joint.  The  limb  must  then  be  fixed  firmly  on  a  splint.  I  have  known  the 
most  disastrous  and  disorganizing  inflammation  and  suppuration  of  the  knee- 
joint  ensue,  with  imminent  peril  to  life,  and  followed  by  ankylosis,  in  con- 
sequence of  a  portion  of  needle  having  been  allowed  to  remain  embedded  in 
this  situation  for  some  days. 

In  many  cases,  if  the  needle  have  been  lodged  for  some  days,  the  Surgeon 
will  fail  in  his  endeavours  to  extract  it  ;  and,  unless  the  indications  of  its  pre- 
sence be  very  clear,  I  think  the  wiser  course  would  be  to  leave  it  undisturbed, 
and  to  trust  to  nature  for  its  expulsion  from  the  body,  as  it  can  seldom  be 
found  when  sought  for,  and,  indeed,  may  not  exist,  although  supposed  to  be 
present.  The  following  plan  of  ascertaining  whether  a  portion  of  needle  be 
really  impacted  has  been  suggested  by  Marshall.  A  powerful  magnet  is  to  be 
held  upon  the  part  for  a  quarter  of  an  hour,  so  as  to  magnetize  the  fi-ao-ment ; 
a  finely  hung  polarized  needle  should  then  be  suspended  over  it,  when^  if  any  ■ 
iron  be  present,  deflection  will  ensue. 

When  a  fish-hook,  crochet-needle,  or  other  barbed  instrument  has  been  run  i 
into  the  flesh,  no  attempt  should  be  made  to  withdi-aw  it  through  the  aperture  :• 
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by  which  it  eutcred,  but  the  point  should  be  pushed  on  so  as  to  emerge  through 
the  skin,  the  shank  then  divided  by  pHers,  and  the  barbed  end  drawn  out. 

Arko\v-"\Vounds  occasionally  fell  under  the  observation  of  the  military  or 
colonial  Surgeon  as  the  result  of  injuries  received  in  conflict  with  barbarous 


Fii,'.  10().  Indian  Arrow  penetrating  temiwral  bone.    Medical  Department,  United  States  Army. 


races.  They  dilfer  only  in  one  essential  respect  from  penetrating  punctured 
woimds  received  by  kiiife-stabs  and  sword-thrusts,  viz.,  that  the  arrow-head 
will  remain  impacted  in  the  tissues  it  has  penetrated.  The  force  with  which 
an  arrow  may  be  shot  is  well  illustrated  in  the  accompanying  figures  (lOG,  107) 
taken  from  preparations  in  the  Army  Museum  at  "Washington.  The  aiTOw 
shot  from  the  bow  of  a  North  American  Indian  has  been  known  to  traverse  the 
body  of  a  buffalo  and  penetrate  the  under  surface  of  its  scapula,  as  illustrated 
by  a  preparation  in  the  Museum  at  Washington. 

The  extraction  of  an  arrow  is  usually  attended  by  little  difficulty.    But  if 


barbed  or  if  the  shaft  becomes  detached  from  the  head,  then  special  pre- 
cautions have  to  be  taken.  With  the  view  of  safely  effecting  its  removal,  the 
"snares  "  figured  (Fig.  108)  have  been  devised. 


Fi".  107.  — Buffalo  lUb  pierced  by  Indian  AiTOW. 
(U.  8.  Army  JMed.  Dep.) 


Fig.  108.— Bill's  Snare  for  Extracticm  of 
Arrow-Heads. 
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GUN-SHOT  WOUNDS. 

Of  the  si^ecial  varieties  of  contused  and  lacerated  wounds,  none  are  of 
more  interest  than  the  different  forms  of  gun-shot  injury.  Though  compara- 
tively rare  in  civil  practice  in  this  country,  yet  gun-shot  wounds  are  of  suffi- 
ciently fixHjnent  occurrence  to  render  an  acquaintance  with  them  indispensable 
to  the  general  Surgeon.  To  the  military  Surgeon  the  study  of  them  is  neces- 
sarily one  of  peculiar  interest  and  importance  ;  and  to  him  I  would  specially 
recommend  the  perusal  of  the  works  of  Macleod,  Longmore,  Stromeyer, 
Esmarch,  Fischer,  and  other  Surgeons  who  have  had  unusual  opportunities  of 
studying  the  nature  of  these  injuries  on  the  field  of  battle,  and  by  whom  they 
have  been  considered  Avith  all  the  minuteness  of  a  speciahty.  The  works  of 
Guthrie,  Hennen,  and  Larrey,  whose  experience  was  gained  in  the  wars  at  the 
early  part  of  the  present  century,  are  well  worthy  of  study,  and  much  that  is 
interesting  will  be  found  also  in  the  Avritings  of  Ambroise  Pare,  Wiseman, 
and  John  Hunter. 

I  purpose  in  the  following  observations  to  confine  myself  chiefly  to  such  a 
general  discussion  of  the  subject  as  is  required  by  the  civil  Surgeon. 

Gun-shot  injuries  constitute  a  species  of  contused  and  lacerated  wounds, 
often  partaking  also  of  the  nature  of  punctured  wounds  in  the  disproportion 
between  the  subcutaneous  mischief  and  the  external  aperture.    They  are 
characterized  in  some  cases  by  the  peculiar  appearance  presented  by  the  colour, 
shape,  and  size  of  the  orifice ;  and  in  others  by  the  extensive  injury  inflicted  on 
the  tissues,  both  superficial  and  deep-seated,  in  consequence  of  which  the  wounds 
may  prove  rapidly  or  immediately  fatal.    If  the  sufferer  survive  the  im- 
mediate effects  of  the  injury,  acute  inflammation  with  much  pain  and  tension, 
deep-seated  suppuration,  profuse  discharge,  and  other  serious  and  very 
protracted  after-consequences,  are  apt  to  supervene.    These  peculiarities  have 
at  different  times  been  attributed  to  the  parts  being  burnt  by  the  ball,  to  the 
poisonous  nature  of  projectiles,  to  the  generation  of  electricity  in  the  bullet 
during  its  passage  through  the  air,  or  by  its  friction  against  the  barrel.  All 
these  opinions,  however,  have  been  shown  to  be  erroneous  ;  and  every  pecu- 
liarity presented  by  these  injuries  can  be  accounted  for  by  the  bluntness  of  ' 
the  contusing  body,  the  rapidity  of  its  motion,  the  force  with  which  it  is  ; 
driven,  and  by  the  insufficient  exit  for  the  decomposing  discharges  that 
necessarily  accumulate  in  the  track  of  the  bullet,  unless  some  means  be  • 
taken  to  prevent  it.    That  the  sloughing  which  almost  always  occurs  in  the  • 
track  of  a  bullet  is  due  to  the  bluntness  of  the  body  with  which  the  injurv  is  • 
inflicted,  and  not  to  any  peculiarity  arising  from  its  being  propelled  by  gm-  ■ 
powder,  is  evident  from  the  fact  that  sharp  splinters  of  shell  have  been  kn'oAvn  i 
to  inflict  clean-cut  wounds.    As  John  Bell  has  pithily  remarked,  "  There  is  a  ; 
peculiarity,  but  no  mystery,  in  gun-shot  wounds." 

Characters.— Gun-shot  wounds  vary  greatly  according  to  the  Nature  of  f 
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the  Projectiles,  the  Force  with  which  they  are  cWveu,  and  the  Direction 
in  which  they  strike. 

Nature  and  Force  of  Projectile. — Gun-shot  injuries  of  a,  serious  character 
may  be  inflicted  by  icccqwns  charged  on  hj  iviih imcder.  They  may  arise  from  the 
mere  concussion  of  the  exi^losion  ;  thus  a  pistol  charged  with  powder,  and  dis- 
charged with  the  muzzle  resting  against  the  chest  of  a  man,  has  been  known 
to  kill  by  conciTssing  the  heart.  In  other  cases,  a  portion  of  the  uuexploded 
powder  may  be  driven  into  or  even  through  the  skin  by  that  which  is  exploded 
behind  it.  In  this  Avay,  very  troublesome  and  disfiguring  marks  are  sometimes 
inflicted  on  the  face,  and  other  parts  of  the  body,  by  the  charcoal  of  the  powder 
lodging  in  the  skin.  That  a  weapon  so  charged  may  actually  kill  when  dis- 
charged at  a  little  distance  appears  from  a  case  related  by  Dnpuytren,  in  which 
a  fowling-piece  charged  with  powder  only,  and  fired  at  the  distance  of  two  or 
three  feet  from  the  abdomen,  pierced  the  belly  with  a  round  hole  and  killed  the 
man.  The  mere  force  of  the  explosion  will  sometimes  produce  serious  lacerations. 
Suicides  occasionally  forget  to  put  a  bullet  into  the  pistol,  and  firing  into  their 
mouths,  blow  open  the  cheeks,  and  injure  the  pharynx  and  glottis  by  the  ex- 
plosive force.  Some  years  ago,  a  man  was  brought  to  University  College 
Hospital,  who  had  discharged  some  powder  from  the  tube  of  an  Italian  iron 
into  his  mouth,  and  he  died  in  consequence  of  the  injuries  he  received.  In 
another  case  in  the  same  Institution,  a  man  died,  on  the  fifth  day  after  firing 
a  pistol  into  his  mouth,  of  asphyxia,  occasioned  by  sloughing  of  the  pharynx 
and  inflammation  of  the  glottis  and  larynx,  consequent  on  the  scorch  of  the 
explosion. 

Waddimj  and  soft  materials,  as  pieces  of  clothing,  will  occasionally  inflict 
serious  wounds  by  the  force  with  which  they  are  driven.  These  injuries  often 
happen  on  the  stage,  at  reviews,  fairs,  &c.  Taylor  relates  several  instances  of 
the  kind  : — one  of  a  girl  kiUed  by  a  gun  charged  with  paper  pellets  ;  also,  one 
of  a  man  who  was  killed  by  a  kid  glove  fired  from  a  blunderbuss. 

Small  shot  often  inflict  serious  injuries,  and  these  are  most  commonly  met 
with  in  civil  practice.  If  the  person  wounded  be  within  a  few  feet  of  the 
muzzle  of  the  gun,  a  terribly  torn  and  lacerated  wound,  even  worse  than  that 
occasioned  by  a  bullet,  will  be  inflicted  ;  for  the  shot,  not  being  scattered,  are 
driven  through  the  body  in  a  comparatively  compact  mass,  and  tear  the  tissues 
to  a  great  extent.  The  compactness  of  a  charge  of  shot  when  striking  close 
to  the  muzzle  of  the  gun  may  be  very  remarkable,  making  a  womid  like  that 
of  a  bullet.  A  lad  was  admitted  into  University  College  Hospital  under  my 
oare,  who  had  accidentally  shot  himself.  The  whole  charge  had  passed  from 
before  backwards  between  the  skin  of  the  inner  side  of  the  arm  and  the 
brachial  vessels  and  the  accompanying  nerves,  leaving  a  bridge  of  skin  about 
three  inches  in  width  and  the  vessels  and  nerves  uninjured,  the  triceps,  how- 
ever, being  torn.    The  patient  made  an  excellent  recovery. 

"When  shots  scatter  as  they  fly,  they  produce  at  a  greater  distance  a  less 
serious  injury,  usually  lodging  in  the  subcutaneous  areolar  tissue,  where  they 
may  remain  for  years,  requiring  to  be  picked  out  Avith  a  lancet ;  or  they  may 
give  rise  to  suppuration.  Occasionally,  shot,  by  penetrating  an  important 
part,  may  cause  serious  or  fatal  results  ;  thus,  a  siugle  shot  penetrating  the 
eyeball  will  destroy  vision  ;  or,  lodging  in  the  heart  or  in  the  femoral  vein  or 
other  large  vessel,  may  give  rise  to  rapidly  fatal  results.  A  patient  was  once 
brought  to  University  College  Hospital,  who  had  fired  a  pocket-pistol  loaded 
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with  small  shot  into  his  mouth  ;  after  death,  the  shots  were  found  to  have 
penetrated  the  anterior  portion  of  the  vertebral  column,  in  which  they  were 
deeply  lodged. 

Splinters  of  metal,  wood,  or  stone,  carried  by  the  force  of  an  explosion,  as 
in  blasting  and  mining  operations,  may  inflict  grave  injuries.  These  latter 
inflict  perhaps  the  worst  forms  of  injury  from  bodies  propehed  by  explosive 
force  that  are  met  with  in  civil  practice.  In  siege-operations  much  injury  is 
often  inflicted  also  by  the  splinters  from  parapets,  or  by  the  forcible  throwing  up 
of  gravel  and  small  stones  by  the  explosion  of  shells.  In  naval  actions  too, 
the  force  with  which  splinters  of  wood  are  driven,  when  struck  and  scattered 
by  cannon-shot,  is  often  so  great  as  to  inflict  the  most  serious  and  fatal 
mischief.  A  particular  form  of  injury  sometimes  met  with  in  civil  practice, 
and  which  belongs  to  this  class,  is  a  wound  of  the  eyeball  by  the  explosion  and 
splintering  of  faulty  percussion-caps.  Wounds  of  the  face  and  other  parts 
from  the  splashes  or  splinters  of  l3ullets  fi-om  the  surface  of  targets  are  of 
common  occurrence  among  markers  at  rifle-ranges. 

Slugs  arc  irregular  bits  of  lead  of  no  deflnite  form  or  size.  They  produce 
wounds  more  ragged  than  small  shot,  but,  unless  fired  at  very  short  range, 
they  seldom  penetrate  deeply.  The  experience  of  the  Ashantee  War,  in  which 
the  natives  used  slugs  almost  exclusively,  showed  that  the  proportion  of  severe 
to  slight  wounds  was  very  small,  the  projectile  not  having  sufficient  power  to 
break  a  large  bone. 

Bullets  occasion  more  serious  wounds,  lacerating  soft  parts,  fracturing  and 
crushing-  bones,  tearing  asunder  vessels  and  nerves,  per- 
forating the  viscera,  and  occasionally  cutting  off  parts,  as 
a  finger,  the  nose,  or  an  ear. 

The  general  introduction  of  rifled  fire-arms  into  modern 
warfare  has  gxeatly  increased  the  destructive  eflPects  of 
bullets.  The  missile  is  now  comparatively  rarely  deflected 
from  its  course  by  the  resistance  offered  by  bones,  tendons, 
or  by  the  elastic  reaction  of  the  skin,  as  happened  Avitli 
the  spherical  ball,  but  penetrates  in  a  straight  line  from  the 
point  struck,  tearing  through  the  soft  parts,  and  si3lintering 
the  bones  extensively.  On  the  bones  especially,  the 
modern  conico-cylindrical  hulJet  produces  the  most  de- 
structive effects  ;  not  only  comminuting  the  part  struck, 
but  often  splitting  up  the  shaft  of  the  bone,  by  its  wedge- 
like action,  in  fissures  many  inches  long,  leading  into 
contiguous  joints  (Fig.  109).    In  consequence  of  the 

Fig.  100.— Fcrforatiou  .        .  °  '  i 

of  Right  Femur byBuiiet.  morc  extcusivc  lujury,  the  shock  to  the  nervous  system 
Bonf  "ISited  "stetel  IS  greater  when  a  person  is  struck  by  a  conico-cyhndrical 
Army  Museum.)  than  by  a  Spherical  ball. 

Direction.— In  the  majority  of  cases,  a  bullet  traverses 
the  part  struck,  and  the  wound  has  two  apertures — one  of  entry,  the  other  of 
exit ;  occasionally  it  happens,  however,  that  in  consequence  of  the  ball  being 
spent,  or  of  the  piece  not  having  been  efficiently  loaded,  or  of  the  oblique 
direction  with  which  the  ball  strikes  the  part,  it  leaves  merely  a  contusion 
or  dent,  rebounding  or  glancing  off".  In  other  cases  there  is  only  one  aperture  ; 
and  here  the  bullet,  partly  spent,  has  probably  lodged  in  the  soft  tissues, 
or  in  a  bone,  or  in  the  cavity  of  a  hollow  organ,  as  the  bladder.     It  some- 
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times  happens,  however,  that  the  ball  drops  out  through  the  aperture  at 
wliich  it  entered,  as  when  a  spent  ball  strikes  a  rib  ;  or  that  it  carries  a  pouch 
of  clothing  before  it,  which  enables  the  Surgeon  to  withdraw  it.  One  bullet 
may  make  even  more  than  two  apertures  ;  tlms  a  round  ball  has  been  known 
to  split  against  the  sharp  edge  of  the  tibia,  and  to  have  one  aperture  of  entry 
and  two  of  exit ;  or  it  may  pass  through  both  thighs  or  both  calves,  and  thus 
occasion  four  apertures ;  and  cases  have  been  recorded  in  which  five  wounds 
even  have  been  made  in  the  same  person  by  one  bullet. 

The  direction  of  the  openings  is  often  of  importance  in  a  medico-legal  as 
well  as  in  a  surgical  point  of  view.  Thus,  Sir  Astley  Cooper,  by  attending 
to  this  circumstance  in  a  case  of  murder,  ascertained  that  the  fatal  shot 
must  have  been  fired  by  a  left-handed  man  ;  and  this  led  to  the  detection 
of  the  criminal.  These  apertures,  though  usually  opposite  to  one  another 
when  a  ball  passes  right  through  a  part,  are  not  always  so,  the  bullet  being 
deflected  by  the  bones,  or  by  tlie  elasticity  of  the  skin,  so  that  the  two  aper- 
tures do  not  correspond.  Thus  a  spherical  bullet  has  beeu  known  to  strike  a 
rib  and  to  be  then  deflected,  running  under  the  skin  to  the  opposite  side  of 
the  body;  again,  striking  one  temple,  a  bullet  has  beeu  carried  under  the  scalp 
to  the  other  side  of  the  head,  where  it  has  passed  out ;  thus  it  might  appear, 
that  important  cavities  had  been  penetrated  when  in  reality  they  had  not  been 
wounded. 

The  Apertures  of  Entry  and  of  Exit,  made  by  a  bullet,  deserve  atten- 
tive consideration.  Much  dis- 
cussion has  arisen  as  to  whether 
there  be  any  difl'erence  between 
these  aj^ertures,  and,  if  so,  to 
what  it  is  owing.  That  there 
is  a  difference  in  the  great  ma- 
jority of  cases  there  can  be  no 
doubt  ;  though  this  difference 
is,  as  a  rule,  not  so  decided  in 
the  case  of  the  modern  rifle- 
ball  as  in  that  of  the  spherical. 
Thus,  in  the  latter  instance, 
the  hole  made  bv  tlic  entrance 
of  the  bullet  is  small,  circular 
in  shape,  less  tlian  the  diame- 
ter of  the  ball  in  breadth,  the 
edges  being  slightly  inverted 
and  eccliymosed  (Fig.  110)  ; 
whereas,  in  the  former,  the 
aperture  of  entry  is  more  lace- 
rated and  irregular  in  outline,  often  linear,  crucial,  or  starred,  and  larger  than 
the  diameter  of  the  ball.  In  either  case,  the  hole  made  by  the  exit  of  the 
ball  is  a  large,  somewhat  everted,  and  irregular  aperture,  into  ^vhich  two  or 
three  fingers  may  be  freely  passed  (Fig.  111).  In  some  cases,  however, 
there  is  no  appreciable  difl'erence  between  the  two  ;  and  in  others,  as  a  result 
of  sloughing,  the  aperture  of  entiy  may,  after  a  time,  become  larger  than 
that  of  exit. 

There  can  be  no  doubt  that  Guthrie  has  given  the  coiTcct  explanation  of 
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these  discrepancies,  when  he  states,  that  the  amount  of  the  difference  in  the 
two  apertures  will  depend  partly  on  the  momentum  of  the  ball,  and  partly  on 
the  resistance  with  ^^■hich  it  meets.  If  the  ball  strike  shortly  after  its  dis- 
charge, at  the  maximmn  of  its  velocity,  it  will  make  but  a  small  round  hole, 
not  shattering  the  parts  so  much  as  separating  them.  If  it  traverse  a  part 
composed  of  soft  tissue,  meeting  with  but  Httle  resistance  in  its  passage,  it 
loses  but  little  of  its  momentum  ;  and  passing  out  of  the  body  Avith  nearly 
the  same  force  as  that  with  which  it  entered,  it  makes  an  aperture  of  exit  that 
differs  but  shghtly,  if  at  all,  from  that  of  entry.  If  the  ball  strike  a  bone  iu 
its  passage  through  the  limb  or  body,  and  thus,  by  meeting  with  much  resist- 
ance, have  its  momentum  materially  lessened,  the  aperture  of  exit  will  be  torn, 
large,  and  ragged,  differing  materially  fi'om  that  of  entry.  But  in  addition  to 
the  conditions  given  by  Gutlu-ie,  there  are  two  other  circumstances  that  tend  to 
occasion  a  difference  between  the  apertures  of  entry  and  of  exit.  The  first  is, 
that  the  bullet  as  it  traverses  carries  with  it  a  mass  of  foreign  material,  pieces 
of  clothing,  shreds  of  tendons,  splinters  of  bone,  which,  driven  along  by  the 
velocity  communicated  to  them  by  the  ball,  distend  and  widely  separate  the 
distant  parts  of  the  wound,  and  thus  cause  the  aperture  of  exit,  near  and 
in  which  they  will  be  found  to  be  lodged,  to  be  larger  than  that  of  entr}', 
which  has  admitted  only  the  bullet.  The  aperture  of  entry  is  made  solely  by 
the  ball ;  the  aperture  of  exit  is  made  by  it,  plus  the  debris  that  it  carries 
along  with  it.  A  further  reason  for  the  difference  in  size  between  the  two 
apertures  is  this,  that  the  wide  tearing-asunder  of  the  tissues  at  the  aperture 
of  exit  is  greatly  due  to  their  want  of  support.  The  part  first  struck  has 
as  a  support  the  whole  thickness  of  the  limb  or  the  body.  That  which  is 
last  perforated  has  no  such  support  behind  it,  and  is  thus  largely  torn  or 
splintered  outwards.  This  is  exactly  what  happens  if  we  drive  a  nail  through 
a  board.  If  supported  by  another  piece  of  wood,  the  apertures  on  the  two 
sides  are  even  and  of  the  same  size.  If  unsupported,  the  aperture  on  the 
distant  side — that  of  exit,  in  fact — wiU  be  splintered,  irregular  in  shape,  and 
larger  than  that  of  entry. 

In  wounds  made  by  spherical  bullets  the  entrance-aperture  is  often  actually  \ 
less  in  diameter  than  the  bullet  itself,  provided  it  lie  made  whilst  the  ball  is 
moving  with  its  full  velocity ;  but  if  the  ball  have  lost  much  of  its  momentum, 
before  it  strikes,  then  the  entrance- wound  will  always  be  large  and  ragged,  i 
In  this  there  is  nothing  peculiar  to  the  tissues  of  the  living  body  ;  the  same  > 
happens  when  any  elastic  material,  as  a  piece  of  green  timber,  is  struck.: 
Much,  however,  will  depend  also  on  the  period  at  which  the  wound  is 
examined.    In  the  early  stages,  for  the  reasons  mentioned,  the  wound  of  entry 
may  be  smaller  than  that  of  exit ;  but,  as  the  slough  which  forms  in  the  wound 
of  entry  is  larger  than  that  at  the  exit-aperture,  the  former  may,  in  a  later 
stage,  appear  larger  than  the  latter.    This  difference  in  the  size  of  the  two 
wounds  I  saw  well  exemplified  in  the  case  of  a  young  man,  shot  througn  the 
neck  with  a  pistol-ball  in  a  duel.  The  aperture  of  entry,  which  was  at  first  the 
smaller,  appeared  on  the  second  day  the  larger  in  consequence  of  the  extrusion 
of  a  black  slough ;  though  it  continued  more  regular  in  shape  than  that  ot 
exit. 

Shrapnel  buUets,  case-shot,  and  grape-shot  differ  from  the  old  spherical 
bullets  only  in  their  greater  size,  and  the  effects  they  produce  are  similar  but 
more  extensive.    The  Mitrailleuse,  Gatling,  and  Nordenfelt  guns  fire  a  conical 
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ball  of  considerable  size ;  but  happily  little  experience  has  as  yet  been  gained 
of  their  effects  on  the  human  body. 

Frag-nicnts  of  Shell,  if  of  large  size,  inflict  the  most  terrible  wounds  met 
with  in  military  practice,  tearing  off  whole  limbs,  or  great  masses  of  flesh,  and 
splintering  the  bones  in  all  directions.  At  the  battle  of  Sedan,  after  the 
Prussians  had  shelled  a  crowded  mass  of  French  troops,  the  ground  was 
described  as  covered  with  "heaps  of  flesh  and  rags."  A  small  fragment  may 
either  become  lodged,  or  make  its  way  out,  the  aperture  of  entry  being  some- 
what incised,  though  very  irregular,  and  the  aperture  of  exit  large  and  ragged. 

The  old  round  Cannon-Tjall,  in  fact,  solid  sliot  of  all  kinds,  are  now  quite 
abandoned  in  war,  being  replaced  by  shells  fired  from  rifled  cannon.  The  old 
cannon-balls  inflicted  two  kinds  of  injury.  Sometimes  they  contused  a  part 
deeply,  crushing  muscles  and  bones,  without  destroying  the  integrity  of  the 
skin,  the  ball  either  having  lost  its  velocity — being  "  spent " — or  striking 
obli([uely,  and  rolling  over  the  surface  of  the  body.  The  elasticity  of  the  skin 
preserved  this  from  injury,  though  all  the  subjacent  textures — bones,  muscles, 
and  vessels — might  be  crushed  into  a  pulp,  if  a  limb  were  struck ;  if  the 
trunk  itself  were  injured,  the  vertebral  column  and  lumbar  muscles  might  be 
disorganized,  and  the  liver,  kidneys,  spleen,  stomach,  and  intestines  ruptured 
without  any  breach  of  surface.  These  injuries,  formerly  en-oneously  attributed 
to  the  action  of  the  current  of  air  set  in  motion  by  the  ball,  are  known  by 
the  name  of  wind-contusions.  Subcutaneous  contusions  of  similar  character, 
though  less  severe  in  degree,  may  be  produced  also  by  spent  bullets.  In  some 
of  these  contusions,  gangi'cne  of  the  limb  set  in ;  apparently,  as  Guthrie 
pointed  out,  from  the  rupture  of  the  principal  vessels.  Cannon-shot  more 
commonly  carried  away  the  whole  thickness  of  a  part,  tearing  and  shattering  a 
limb,  carrying  off  the  thick  and  fleshy  parts  of  thigh,  calf,  or  shoulder ;  or  they 
inflicted  the  most  fearful  injuries  by  smashing  the  trunk  and  head. 

Symptoms. — The  chief  peculiarities  of  gun-shot  injuries  consist  in  the 
amount  and  character  of  the  Pain,  the  severity  of  the  Shock,  the  com- 
paratively little  liability  to  Hasmorrhage,  and  the  severity'of  the  Consecutive 
Inflammation. 

The  Pain  in  gun-shot  injuries  varies  gi-eatly.  It  is  most  severe  when  a 
bone  is  fractured,  or  a  large  cavity  penetrated  ;  when  soft  structures  alone  are 
injured,  a  dull  and  heavy  sensation  is  experienced,  which  has  often  been  com- 
pai'ed  to  that  occasioned  by  a  blow  with  a  stick.  In  many  cases,  however,  the 
sufferer  is  not  aware  that  he  is  shot  till  he  is  told  of  it.  I  have  known  a 
person,  shot  in  the  leg  by  a  pistol-ball,  unaware  that  he  was  wounded  till 
told  that  his  leg  was  bleeding.  This  is  especially  apt  to  happen  when  the 
mind  is  actively  engaged,  as  in  the  height  of  battle.  Hennen  has  known  a 
limb  carried  off  or  smashed  to  pieces  by  a  cannon-shot,  without  the  sufferer 
being  conscious  of  it ;  and  Macleod  relates  the  case  of  an  officer  who,  in  the 
Crimea,  had  both  legs  carried  away,  and  who  was  not  aware  of  the  injury  till 
he  tried  to  rise. 

In  gun-shot  injuries,  Shock  is  always  very  marked  when  parts  of  import- 
ance, as  the  head,  chest,  and  abdomen,  or  large  joints,  as  the  knee,  are  opened ; 
and  its  severity  is  indicative  of  the  amount  of  mischief  inflicted.  Thus,  if  a 
bullet  appear  to  have  traversed  the  chest,  but  in  reality  has  been  deflected 
under  the  skin,  the  comparative  absence  of  shock  will  serve,  to  a  certain 
extent,  to  prove  that  visceral  mischief  has  not  been  inflicted.    As  before 
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stated,  a  wound  from  a  conical  ball  causes  more  shock  than  a  corresponding 
injury  from  a  spherical  l)unet,  as  the  extent  of  the  damage  done  by  the  former 
is  ahvays  greater.  In  some  cases  the  shock  alone  appears  sufficient  to  kill ; 
thus,  a" man  shot  by  a  pistol-bullet,  which  traversed  the  distended  stomach, 
died  in  a  few  seconds  from  shock,  there  being  no  bleeding  of  importance,  or 
other  discernible  cause  of  immediate  death  (Taylor).  In  some  cases,  however, 
that  arc  mortal,  the  symptoms  of  shock  are  but  slight. 

The  Primary  Haemorrhage  from  gun -shot-wounds  varies  necessarily 
according  to  the  situation  of  the  injury  and  the  size  of  the  vessels  injm-cd  ; 
ccdcris  paribus,  these  wounds  bleed  less  than  other  injuries  ;  but  in  all  cases  a 
certain,  and  in  many  a  large  and  fatal,  quantity  of  Ijlood  is  lost.  When  the 
fleshy  parts  of  a  limb  are  perforated  by  a  bullet,  the  haemorrhage  is  usually 
veiy  trifling,  the  vessels  divided  being  small,  and  contused  rather  than  cut 
across.  But,  though  it  may  be  stated  as  a  general  rule  that  gun-shot-wounds 
do  not  bleed  much,  yet  when  a  large  artery,  as  the  carotid,  iliac,  or  femoral,  is 
torn  across,  violent  and  rapidly  fatal  hasmorrhage  will  occur — the  vessel 
bleeding  as  freely  as  if  divided  with  the  knife.  Bullet-wounds  of  the  large 
and  deep  arteries  of  the  chest  and  abdomen  are  almost  immediately  fatal  from 
haimorrhage.  The  greater  number  of  those  who  die  on  the  field  of  battle 
perish  from  this  cause.  It  has  often  been  observed  that  arteries  escape,  though 
lying  apparently  in  the  direct  track  of  a  ball.  In  such  cases,  however,  though 
primary  htemorrhage  do  not  occur,  the  liability  to  secondary  hsemorrhagc  is 
great,  in  consequence  of  the  artery,  which  has  been  contused  by  the  passage  of 
the  bullet,  sloughing  at  a  later  period.  If  the  whole  of  a  limb  be  torn  away 
by  a  cannon-shot,  the  arteries  of  the  jagged  stump  do  not  bleed,  for  the  same 
reasons  that  those  of  a  limb  torn  away  by  machinery  do  not ;  viz.,  the  con- 
traction and  retraction  of  the  ruptured  internal  and  middle  coats,  and  the 
twisting  of  the  external  cellular  coat  over  them. 

Gun-shot-wounds,  under   ordinaiy   circumstances  Inflame,  with  much 
Swelling,  Infiltration,  and  Tension.    That  this  should  be  the  case  is  not 
surprising  when  we  consider  the  nature  of  the  wound  and  the  mode  of  its 
infliction.    The  tissues  through  which  the  bullet  passes  are  violently  contused, 
the  parts  actually  touched  by  the  projectile  are  killed,  and  those  a  little  more 
remote  are  bruised  and  damaged  to  such  an  extent  that  if  exposed  to  any 
further  irritation,  as  tension  or  the  presence  of  putrid  matter,  they  readily 
perish.    The  bones,  if  they  lie  in  the  track  of  the  bullet,  are  splintered  and 
fissured,  and  the  fr-agments  are  displaced  and  driven  into  the  surrounding  soft 
parts.    At  the  same  tunc  the  hemorrhage  which  takes  place  finds  but  an 
imperfect  exit  from  the  apertures  of  the  wound,  and  the  intermuscular  planes 
of  a  limb  and  any  cavity  that  may  be  opened  become  distended  with  extrava- 
sated  blood.     The  exudation  from  the  injured  soft  parts,  that  necessarily-' 
follows  immediately  on  the  injury,  still  further  distends  the  part  with  putrescible  • 
fluid.    As  the  nature  of  the  external  wound  renders  it  impossible  for  it  to  heal 
by  first  intention  the  whole  of  this  decomposable  matter  is  fi-eely  in  com- 
munication with  the  external  air,  and  the  ferments  contained  in  the  atmo- 
spheric dust  find  admission  fi'om  ^nthout.    This  is  often  rendered  even 
more  certain  by  pieces  of  clothing  and  other  foreign  bodies  being  lodged 
deeply  in  tlie  track  of  the  bullet.     By  the  third  day,  therefore,  we  have 
developed  in  a  gun-shot  wound,  unless  special  means  are  taken  to  prevent  it, 
one  of  the  most  dangerous  conditions  to  which  a  patient  can  be  exposed — a 
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arge  accumulation  of  putrid  matter,  deeply  situated,  with  a  totally  insufficient 
■xit  for  the  discharges.    If  a  hone  he  broken,  or  a  joint  or  one  of  the  natural 
I'avities  of  the  body  be  opened,  the  condition  is  so  much  the  worse.  The  bullet 
ilamages  only  the  parts  it  touches  ;  the  extension  of  the  intlammation  Ijeyoud 
liese  parts  is  entirely  due  to  pent-up  and  putrid  discharges.    The  extent  of 
issue  actually  killed  by  the  contact  of  the  ball  is  comparatively  limited  ;  the 
\  ide-spread  sloughing  that  may  follow  a  gun-shot  wound  is  due  to  the  irritation 
f  tension  and  of  the  chemical  products  of  putrefaction. 

The  ordinary  course  of  a  gun-shot  wound  is  as  follows  : — As  soon  as  the 
;»atient  has  rallied  from  the  shock  the  temperature  begins  to  rise  above  normal. 
By  the  second  day  the  inflammation,  consequent  upon  the  irritation  of  putrid 
matter  and  the  tension  caused  by  the  abundant  exudation  li'om  the  injured 
tissues,  begins  to  manifest  itself.    The  pain,  which  at  the  moment  of  infliction 
may  have  been  but  slight,  becomes  extremely  acute,  owing  principally  to  the 
great  tension.    By  the  third  day  suppuration  sets  iu,  often  most  profuse  and 
extensive,  not  only  in  the  track  of  the  ball,  but  widely  diffused  through  the 
neighbouring  parts.    The  discharges  are  offensive  fi-om  putrefaction  and  find 
a  very  imperfect  exit  by  the  comparatively  naiTow  openings  of  the  wound. 
Consequently  the  patient  suffers  severely  from  the  absorption  of  septic  matter, 
the  fever  being  very  high  and  the  constitutional  disturbance  very  great  ;  in 
fact,  many  die  about  this  time  from  septic  poisoning.    Should  a  more  ready 
exit  be  established  for  the  discharges,  the  fever  subsides  by  about  the  tenth  day, 
as  granulations  spring  up  and  hmit  the  absorption  of  the  products  of  putre- 
faction.    A  period  of  great  danger  in  gun-shot-wounds  is  that  during 
which  the  sloughs  separate,  usually  from  the  sixth  to  the  twentieth  day  ; 
and  before  this  time  it  is  often  impossible  to  ascertain  the  precise  extent  of 
the  disorganization.   At  this  period,  also,  Consecutive  Haemorrhage  is  very 
apt  to  come  on,  even  after  very  slight  exertion,  without  any  warning.  Baudens 
states  that  this  occurrence  is  most  likely  to  happen  on  the  sixth  day.  This 
may  be  suddenly  fatal,  and  is  always  more  dangerous  than  the  primary  haemor- 
rhage, not  only  on  account  of  the  difliculty  of  arresting  it,  but  because  the 
patient  has  been  ah-eady  weakened  by  severe  inflammation  and  suppuration. 
Secondary  ha3morrhage  may  occur  from  causes  other  than  the  separation  of 
the  sloughs  and  the  consequent  openiug  up  of  a  contused  or  iuflamed  artery. 
It  may  take  place  from  an  artery  wounded  by  a  spiculum  of  fractured  bone  ; 
and,  from  tbe  same  cause,  it  may  arise  at  auy  period  until  all  detacbed  bone  is 
separated  and  the  wound  finnly  cicatrized.    Chisholm,  of  the  American  Con- 
federate array,  mentions  a  case  of  death  from  secondary  hasmoirhage  on  the 
S28th  day  after  a  gun-shot- fracture  of  the  upper  third  of  the  thigh,  owing  to 
a  wound  of  the  femoral  artery  by  a  detached  sequestrum.    Independently  of 
this  danger  from  secondary  hemorrhage,  the  patient,  if  his  limb  be  saved,  may 
have  to  undergo  long  and  tedious  processes  of  exfoliation  of  dead  bone,  and  to 
ran  the  risk  of  intercurrent  attacks  of  erysipelas,  hospital  gangrene,  and 
pyaemia. 

Although  a  bullet-wound  in  the  vast  majority  of  cases  follows  the  course 
above  described,  inflammation  and  profuse  suppuration  is  not  an  inevitable 
result.  Middleton  Michel  of  Charlestown,  U.S.A.,  relates  many  cases  in  which 
gun-shot  wounds,  inflicted  by  the  Minie  rifle-bullet,  healed  without  suppuration 
even  when  the  bones  were  injured.  Such  cases  are  sufficient  evidence  that  the 
destruction  of  tissue  caused  directly  by  the  action  of  the  bullet  is  not  so  exten- 
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sive  as  was  at  one  time  suijposed,  and  that,  could  perfect  drainage  be  combined 
with  prevention  of  decomposition,  gun-shot  wounds  would  be  robbed  of  half 
their  dangers. 

There  is  every  reason  to  believe  that  warfare  in  modern  times  is  fully  as 
destructive  to  life  as  it  was  formerly,  if  not  much  more  so  ;  not  in  the  propor- 
tion of  the  killed  to  the  number  of  combatants  engaged,  but  in  relation  to  the 
recoveries  among  the  wounded.  This  at  first  sight  appears  remai-kable,  when 
we  consider  the  great  advances  that  have  of  late  years  been  made  in  surgical 
treatment  and  in  sanitary  arrangements.  But  unfortunately  the  means  by 
which  these  great  advances  have  been  brought  about  are  seldom  at  the  com- 
mand of  the  military  surgeon.  A  very  large  proportion  of  all  gun-shot  wounds 
must  occur  under  circumstances  which  render  antiseptic  treatment  uncertain 
or  impossible  ;  whilst  the  enormous  number  of  men  engaged  has  yielded  so 
large  a  number  of  sick  and  womided  that,  after  the  first  few  weeks,  the 
sanitary  arrangements  have  hitherto  broken  down  under  the  pressure,  and 
secondary  septic  diseases  have  committed  the  most  frightful  ravages.  More- 
over the  size  and  form  of  the  projectiles  now  used,  and  the  force  with  which 
they  are  driven,  are  such  as  to  render  the  wounds  inflicted  by  them  infinitely 
more  destructive  than  they  used  to  be ;  and  the  advance  in  surgical 
treatment  is  thus  more  than  neutralized  Ijy  the  more  deadly  nature  of  the 
injuries. 

Treatment. — The  shghter  and  purely  superficial  gun-shot  injuries  generally 
require  merely  to  be  treated  on  the  ordinary  principles  that  guide  us  in  the 
management  of  contusions  and  lacerations  generally.  When  they  affect  the 
head,  chest,  or  abdomen,  they  present  so  many  circumstances  of  special  im- 
portance, that  we  must  defer  the  consideration  of  them  until  we  treat  of 
injuries  of  those  regions. 

In  all  cases  of  gun-shot-wound,  whether  amputation  be  ultimately  required 
or  not,  certain  immediate  attentions  are  necessary  in  order  to  place  the  sufferer 
in  some  degree  of  comfort  and  safety  until  more  definite  treatment  can  be 
adopted.  Thus,  if  a  person  be  shot  through  the  fleshy  part  of  a  limb,  no 
bone  or  vessel  of  importance  being  injured,  the  part  should,  if  possible,  be 
well  washed  or  syringed  with  a  1  in  20  solution  of  carbolic  acid  in  water,  or 
\nt\i  chloride  of  zinc,  20  grains  to  the  ounce,  and  then  covered  with  a  pad  of 
salicyhc  wool,  or  jute,  carbolized  jute,  iodoform  wool,  or  some  other  diy  anti- 
septic dressing,  or  a  pad  of  lint  soaked  in  the  carbolic  lotion  may  be  applied 
and  the  limb  placed  in  an  easy  position.  In  actual  warfare  a  solution  of 
chloride  of  zinc,  prepared  from  the  solid  salt  as  needed,  appears  to  be  the 
most  practically  useful  antiseptic.  If  a  bone  or  joint  be  injured,  the  same 
plan  must  be  adopted,  and  the  limb  placed  on  a  splint  of  some  kind,  extem- 
porized from  such  material  as  may  be  at  hand.  A  bayonet  forms  a  useful  splint 
for  the  leg,  ai-m,  or  fore-arm  ;  and  for  the  thigh  a  rifle  may  be  applied  to  the 
outer  side  of  the  limb  with  the  stock  against  the  side  of  the  body.  Above  al! 
no  finger  or  probe  must  be  thrust  into  the  wound  till  the  examination  can  be 
accompanied  by  proper  antiseptic  precautions. 

If  there  be  abundant  venous  hfemorrhage,  the  limb  should  be  raised  •  and 
if  this  do  not  arrest  the  bleeding,  a  compress  should  be  used.  If  the  hcemor- 
rhage  be  arterial,  a  tourniquet  must  be  applied.  So,  also,  a  tourniquet  should 
be  employed  if  there  be  rapid  dripping  of  blood. 

If  a  hmb  be  smashed,  or  torn  away,  a  toui'uiquet  should  be  applied  very 
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tig-htly  upon  the  stump,  which  must  be  covered  up  in  wet  cloths.  The 
pressure  of  the  tourniquet  will  not  only  arrest  hjemorrhage,  but  will  stay  that 
spasmodic  quivering  of  the  muscles  of  the  mangled  limb  which  is  so  painful 
to  the  sufferer. 

If  the  head  or  neck  be  wounded,  the  wound  must  be  treated  as  above 
described,  and  haemorrhage,  whether  venous  or  arterial,  should  be  arrested  by 
pressure  with  the  fingers. 

If  the  chest  be  shot  tln-ough,  the  patient  should  be  laid  on  the  injured  side, 
and  cold  employed.  If  emj^hysema  occur,  or  if  air  freely  pass  through  the 
wound,  a  body-bandage  must  be  tightly  applied. 

If  the  abdomen  be  wounded,  the  patient  should  be  laid  on  the  injured  side, 
if  the  aperture  be  lateral ;  if  it  be  central,  on  his  back,  with  the  knees  bent 
over  a  log  or  knapsiick,  or  other  support.  If  the  intestine  protrude,  it  must  be 
washed  and  returned  at  once. 

In  addition  to  those  immediate  attentions  which  may  be  bestowed  upon 
sufferers  from  gun-shot  wounds  before  they  are  sent  to  the  hospital  for  more 
methodical  treatment,  the  influence  of  the  shock  and  pain  should  be  counter- 
acted by  the  administration  of  a  little  brandy-and-water  and  opium,  and  plenty 
of  cold  vrater  should  be  gi^•en  to  allay  thirst. 

Gun-shot  Wounds  of  the  Extremities  may  be  divided  into  two  great 
classes  in  reference  to  treatment  : — I.  Those  that  do  not  require  amputation  ; 
II.  Those  in  which  amputation  is  necessary. 

I.  Those  cases  of  gun-shot  injury  that  do  not  require  amputation  must  be 
treated  on  the  principles  that  guide  us  in 
the  management  of  all  contused  and  lace- 
rated wounds ;  the  Sm-geon  bearing  in 
mind,  however,  that  these  injuries  are 
especially  apt  to  be  followed  by  extensive 
and  intense  inflammation,  and  that  slough- 
ing is  very  prone  to  occur  in  every  part 
that  has  been  touched  by  the  ball. 

The  first  point  to  be  attended  to  in 
these  cases  is  the  Arrest  of  Haemor- 
rhage. In  general,  this  may  not  give 
much  trouble  ;  but,  if  a  large  vessel  be 
injured,  the  loss  of  blood  will  rapidly 
prove  fatal,  unless  immediately  stopped. 
The  bleeding  may  in  the  first  instance  be 
stopped  by  direct  pressure  with  the  fingers 
on  the  bleeding  part,  followed  by  the  ap- 
plication of  the  tourniquet,  the  most  con- 
venient form  being  the  simple  elastic 
band.  If  this  be  not  at  hand,  some 
substitute  must  be  made  use  of,  such  as 
a  pebble,  of  about  the  size  of  an  egg,    Fig.  ne.-Gnn-siiot  wouiki  of  Thish :  Mode 

roUed  in  the  middle  of  a  pOCket-handker-  compressing  Arto-y  temporarily. 

chief  and  laid  over  the  artery,  the  hand- 
kerchief being  knotted  round  the  limb,  and  then  twisted  up  tightly  with  a 
piece  of  stick  or  the  hilt  of  a  sword  passed  under  it  (Fig.  112).    The  wound 
ia  the  artery  may  render  amputation  of  the  limb  necessary;  if  not,  hsemor- 
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rhage  must  be  permanently  arrested  by  making-  an  incision  clown  to  the 
bleeding-  vessel,  and  applying  a  ligature  on  each  side  of  the  wound,  for  reasons 
that  will  be  fully  stated  when  we  come  to  speak  of  Injuries  of  Arteries.  In 
military  practice  such  operations,  however,  appear  to  be  very  rare,  and  the 
ligature  of  a  large  artery  for  primary  haamorrhage  after  gun-shot  injury  is 
scarcely  ever  practised.  The  fiict  is  that,  if  a  large  artery  be  wounded,  the 
patient  usually  dies  outright  fi'om  hsemorrhage  before  anything  can  be  done  to 
arrest  it.  If  a  small  vessel  only  be  divided,  the  hjBmorrhage  will  speedily  cease 
of  itself. 

The  second  point  to  be  attended  to  is  the  Extraction  of  Foreign  Bodies, 

such  as  shot,  slugs,  or  bullets,  Avadding,  pieces  of  clothing  that  have  been  carried 
in  with  the  ball,  splinters  of  bone,  and  other  matters  of  a  like  kind.  These  will 
generally  be  foujid  near  the  aperture  of  exit,  through  which  they  may  often  be 
more  easily  extracted. 

If  the  l)ullet  lodge,  it,  together  with  foreign  bodies  accompanying  it,  such 
as  pieces  of  clothing,  must  be  extracted  through  the  wound,  or  cut  out  by  a 
counter-opening.  This  second  opening  is  often  of  great  utility  in  affording  a 
ready  exit  for  subsequent  discharges,  &c.  Palpation  of  the  limb  or  region 
struck  will  often  lead  to  the  discovery  of  the  bullet,  when  it  lies  amongst  the 
muscles  or  beneath  the  skin.  A  consideration  of  the  direction  whence  the 
bullet  came,  and  the  position  of  the  patient  when  hit,  will  often  direct 
attention  to  the  spot  where  the  ball  has  lodged.  If  possible,  the  same  position 
of  body  or  limb  should  be  assumed  ;  the  track  of  the  bullet  will  thus  be 
straightened,  and  the  finger  or  probe  can  be  carried  down  to  it  more  readily. 
In  searching  for  bullets  and  other  foreign  bodies,  care  should  be  taken  not  to 
probe  the  wound  unnecessarily  from  mere  curiosity,  or  so  as  to  excite  irritation; 
in  many  cases,  the  introduction  of  the  finger  is  far  more  useful  than  that  of 
the  probe.  The  advice  given  by  Ambroise  Pare,  tliree  hundred  years  ago,  with 
regard  to  the  examination  of  gun-shot  wounds,  can  scarcely  be  improved  upon. 
After  advising  that  the  examination  of  the  wound  be  made  as  soon  after  the 
injury  as  possible,  before  swelling  and  inflammation  set  in,  he  says  :  "  This  is 
the  principal  thing  in  the  performance  of  this  work,  that  you  place  the  patient 
in  just  such  a  posture  as  he  was  in  at  the  receiving  of  the  wound  ;  for  other- 
wise the  various  motions  and  turnings  of  the  muscles  will  either  hinder  or 
straighten  the  passage  forth  of  the  contained  bodies.  You  shall,  if  it  be  pos- 
sible, search  for  these  bodies  Avith  your  finger,  that  you  may  the  more  certainly 
and  exactly  perceive  them.  Yet,  if  the  bullet  be  entered  somewhat  deep  in, 
then  you  shall  search  for  it  with  a  round  and  blunt  probe,  lest  you  put  the 
patient  to  pain."  The  exiradion  of  the  bullet  should  be  accomplished  without 
delay,  before  inflammation  has  set  in,  and  the  lips  and  sides  of  the  wound  have 
become  swollen.  As  Macleod  justly  observes,  the  extraction  of  the  ball  not 
only  removes  a  source  of  physical  irritation  and  suffering,  but  also  of  mentnl 
disquietude.  The  mind  of  the  patient  becomes  more  tranquil  and  easy. 
Bullets  cannot  be  allowed  to  remain  lodged  in  the  body  with  impunity.  It  )> 
true  that  in  some  cases  they  become  encysted,  and  so  cease  to  irritate  ;  but  ii! 
the  great  majority  of  instances  they  produce  suffering  and  constitutional  dis- 
turbance, and  may  at  last  occasion  fatal  mischief  ;  for,  although  a  bullet  mav 
continue  fixed  for  years,  yet  it  may  at  last,  under  the  influence  of  muscular 
action,  gravity,  or  the  absorption  of  fat,  begin  to  move  and  to  give  rise  to 
injurious  consequences.    If  any  foreign  body  be  very  tightly  fixecf,  so  that  it 


DETECTION  AXD  EXTRACT  10 X  OF  THE  BALL. 


337 


cannot,  easily  be  removed,  it  must  be  left  till  loosened  by  suppuration.  Some- 
times a  bullet  is  firmly  fixed  in  the  cancellous  structure  of  the  articular  end  of 
a  bone.  It  may  be  removed  thence  by  means  of  an  elevator  or  by  the  screw- 
probe. 

Various  instruments  are  used  for  tiie  detection  and  removal  of  bullets  and 
other  foreign  bodies.  There  is  usually  no  material  difhculty  in  detecting  t!ie 
presence  of  a  bullet,  by  means  of  an  ordinary  steel  probe  of  sufficient  length. 
In  some  cases  of  peculiar  and  exceptional  difficulty,  where  the  bullet  is  lodged 
decjily  in  the  cancellous  structure  of  a  bone,  or  amongst  swollen  and  infiltrated 


Kif;.  ll.J.—  Figs.  114,  11:'),  IK;.— nullet-.screw,  I,'i„  _ 

Nelatoiis  Forceps,  and  E.xtractor.  Fig.  117.— Bullet- I'nrcciis.  HookSpliii- 

P'""''^'-  ter- Forceps. 


tissues,  its  presence  may  be  detected  by  tlic  ingenious  de\-icc  adopted  bv 
NTelaton  in  the  case  of  Garibaldi,  of  passing  a  probe,  armed  with  a  j^iece  of  un- 
glazed  porcelain,  down  to  the  suspected  site  of  the  bullet,  and  seeing  if  a  streak 
of  lead  were  left  on  the  rough  surface  of  the  china  (Fig.  113).  Bullet-detectors 
have  also  been  contrived,  in  which,  by  an  arrangement  of  two  insulated  metal 
probes  in  a  cannula  connected  with  a  galvanometer,  the  galvanic  circuit  is 
i:jompleted  when  the  bullet  is  touched,  and  the  needle  of  the  gal\-anometer, 
deflected  ;   or,  instead  of  the  latter  instrument,  the  ordinary  teiegraph- 
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alarum  may  be  intevposed,  the  bell  of  which  rino-s  when  the  circuit  is 
completed  by  the  bullet  or  any  other  metallic  body  being  touched.  These 
various  contrivances  are  more  ingenious  than  practical,  and  may  be  looked  upon 
as  surgical  toys  rather  than  as  useful  instruments.  For  the  removal  of  bullets, 
long  and  strong  forceps  are  required,  the  action  of  which  may  be  aided  by  a 
screw  probe.  The  accompanyi;:g  woodcuts  (Figs.  118,  114,  llo,  11(1,  117  and 
118)  represent  the  best  forms  of  bullet-screws,  forceps,  and  extractors. 

The  splinters  produced  by  the  passage  of  a  ball  through  a  bone  are  more 
numerous  and  larger  when  the  injury  has  been  inflicted  ])y  a  conical  rifle- 
ball.  The  impetus  of  this  projectile  is  so  great,  and  its  wedge-like  action  so 
destructive,  that  the  bone  struck  is  shattered  into  a  number  of  fragments,  as 
well  as  split  longitudinally,  often  to  a  great  extent.  These  fragments  are 
detached  to  a  greater  or  less  extent  from  their  connections  with  the  soft  ])arts, 
and  carried  out  of  the  axis  of  the  limb.  Dupuytren,  who  was  fond  of  systema- 
tizing, has  classified  splinters  of  this  kind  under  the  three  heads  of  prirtmry, 
secondarily  and  terUanj.  By  'primanj  splinters  are  meant  those  which  are 
carried  completely  across  the  limb,  detached  fi'om  the  soft  parts,  and  lodged 
near  the  aperture  of  exit.  The  secondary  splinters  are  those  which  are  still 
attached  by  a  strip  of  periosteum  or  fibrous  tissue  ;  and  the  iertiary  are  those 
portions  of  bone  which,  from  the  violence  done  to  them,  often  necrose  and 
separate  at  a  subsequent  period.  The  treatment  of  these  different  kinds  of 
splinters  must  necessarily  vary.  The  primary,  which  are  ah-eady  com])letely 
detached  and  are  incapable  of  consolidation,  must  be  treated  as  foreign  Ixxlies 
and  extracted.  The  secondary,  if  very  loose,  must  also  be  removed  :  but,  if 
more  firmly  fixed,  they  may  be  pushed  into  the  axis  of  the  injm'ed  bone  and 
left,  when  they  may  become  consolidated  by  callus,  and  so  serve  in  the  recon- 
struction of  the  bone.  The  tertiary,  which  do  not  separate  until  about  six  or 
seven  weeks,  must  be  removed  as  soon  as  possible  :  if  they  become  engaged  in 
a  mass  of  callus,  it  may  be  a  considerable  time  before  they  are  loose  enough  to 
be  removed  ;  and,  until  then,  sinuses  leading  down  to  them  will  remain  opeu 
even  for  years. 

The  reunion  of  comminuted  gun-shot  fractures  may  be  assisted  by  the  re- 
section of  the  fractured  ends  of  the  bones,  in  appro})riatc  cases.  This  plan  has 
been  especially  successful  in  the  bones  of  the  upper  extremities.  The  ends  thus 
resected  may  furthermore  be  kept  in  apposition  by  metallic  sutures,  according 
to  the  plan  suggested  by  Howard,  of  the  American  army. 

In  those  cases  in  which  small  shot  are  lodged  under  the  skin,  they  mav  be 
turned  out  by  being  cut  down  to  with  a  fine  scalpel. 

The  Treatment  of  the  Wound  itself  must  be  conducted  on  ordinary 
surgical  prhiciples.  As  has  already  been  stated,  there  will,  as  a  rule,  be  violeut 
inflammation  and  sloughing  along  the  whole  track  of  the  ball,  unless  decom- 
position can  be  prevented  and  drainage  perfectly  established  ;  although  instances 
have  been  recorded  of  primary  union  in  gun-shot  wounds,  uncomplicated  with 
fracture  or  the  lodgment  of  foreign  bodies,  even  without  any  special  mode  oi' 
antiseptic  treatment.  The  principal  points  to  be  attended  to  are,  to  limit  in- 
flammation by  rest,  drainage,  and  the  use  of  antiseptics,  to  watch  and  facilitate 
the  separation  of  sloughs  should  they  form,  and  to  pay  scrupulous  attention  to 
cleanliness  and  the  general  hygienic  surroundings  of  the  patient. 

By  adopting  when  possible  some  form  of  antiseptic  treatment,  inflammation 
may  be  limited,  and  the  formation  of  sloughs  avoided  ;  in  both  ci^•il  and 
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military  practice  the  repair  of  gun-shot  ft'actiires  without  suppuration  has 
been  frequently  obtained  by  this  mode  of  dressing. 

Tn  cases  occurring  in  civil  practice  the  employment  of  antiseptics  witli 
all  needful  precautions  is  easy,  and  the  results  are  correspondingly  satis- 
factory. Kraske  has  published  a  series  of  twenty-three  cases  occurring 
under  the  care  of  Yolkmaun  in  Halle,  treated  by  strict  antiseptic  dressing 
with  enlargement  of  the  apertures,  both  of  entry  and  exit,  to  facilitate 
drainage.  Of  these  two  died — one  a  perforating  wound  of  the  skull,  and  one 
wound  of  the  abdomen  perforating  the  liver,  kidney,  and  pleura.  The 
twenty-one  cases  that  recovered  Avere  the  following  :  fi\  e  flesh  wounds,  two 
flesh  wounds  requiring  primary  ligature  of  the  femoral  artcr}-^  for  htemorrhage, 
two  of  the  arm,  with  fracture,  four  wounds  of  the  knee-joint;  two  perforating 
wounds  of  the  skull,  and  six  of  the  chest. 

In  military  ]^ractice  the  circiimstances  arc  usually  such  as  to  render  the  use 
of  antiseptics  difficult,  if  not  impracticable,  except  to  a  very  limited  and 
modified  extent.  The  enormous  and  rapid  accumulation  of  wounded  thrown 
upon  the  Surgeon's  hands  after  an  action  leaves  him  but  little  time  for  the 
adoption  of  these  minute  precautions  that  are  necessary  for  the  full  success  of 
the  antiseptic  method.  But  the  condition  of  the  soldier  himself,  and  that  of 
his  surroundings,  are  equally  unfavourable  to  the  carrying  out  of  the  treatment 
in  its  completeness — in  the  manner,  in  fact,  in  which  it  is  employed  in  civil 
hospitals.  But  yet  experience  has  shown  that  it  is  better  to  employ  it  in  a 
modified  form  than  not  at  all.    On  this  point  all  are  agreed. 

In  the  Russo-Turkish  war  of  187(;-77,  the  Surgeons  in  the  Eussian  army 
were  desirous  to  adopt  the  antiseptic  treatment  as  thoroughly  as  possible  ;  and 
all  speak  favourably  of  it,  even  in  the  modified  form  in  which  alone  it  was 
practicable,  Bergmann,  according  to  Surgeon-Major  Melladew,  found  it  im- 
possible to  carry  it  out  with  anything  like  completeness  at  the  crossing  of  the 
Danube,  where  the  wounded  were  comparatively  few.  The  river- water  was  full 
of  sand  and  mud,  which  soon  choked  the  spi-ay-in-oducers,  and  rendered  them 
useless ;  and  no  amount  of  carbolic  acid  was  sufficient  to  purify  it  so  as  to 
take  away  its  foul  smell.  Then,  again,  the  skin  of  the  wounded  soldier, 
begrimed  ^vith  the  dust  and  sweat  of  long  marches  and  of  battle,  cannot  be 
cleansed  with  the  appliances  usually  at  hand. 

But  yet,  and  notwithstanding  all  these  drawbacks,  the  antiseptic  treatment 
did  more  than  had  ever  been  effi3cted  with  any  other  ;  for  it  was  by  its  means 
that  Bergmann  and  Reyher  saA'ed  almost  all  their  cases  of  gun-shot  wound  of 
the  knee-joint.  The  fate  of  the  soldier  is  truly,  as  Nussbaum  has  said,  in  the 
hands  of  the  Surgeon  who  first  attends  him.  If  primary  antiseptic  treatment 
is  at  once  used,  he  will  have  an  infinitely  bett(;r  chance  than  by  any  other 
method. 

The  best  mode  of  carrying  out  the  antiseptic  treatment  in  war  is  still  un- 
determined, but  at  present  chloride  of  zinc  seems  to  be  the  most  practically 
useful  antiseptic  agent  for  cleaning  the  skin  and  wounds,  as  it  can  be  carried 
in  the  solid  form  and  dissolved  in  water  when  required.  The  wound  should 
immediately  be  well  cleaned  by  being  syringed  out  with  the  antisejitic  lotion. 
\  Above  all,  '^the  Surgeon  must  avoid  that  most  pei-nicious  practice  of  exploring 
the  wound  with  a  grimy  finger  or  unclejtn  probe,  thus  'at  once  and  with 
certainty  infecting  it  to  the  very  bottom.  As  a  first  dressing,  all  Surgeons  are 
agreed  that  one  of  the  forms  of  dry  absorbent  application,  impregnated  with  a 
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powerful  non-volatile  antisej^tic,  is  most  likely  to  be  successful.  Salicylic 
cotton-v/ool,  salicylic  jute,  and  iodoform-wool,  are  the  forms  of  dressing  which 
seem  most  likely  to  he  practically  serviceable,  and  when  a]-)plied  they  should  be 
left  undisturbed  for  as  long  a  time  as  possible.  Eeyher,  in  the  liusso-Turkish 
war  of  1877,  adopted  two  modes  of  dressing.  If  the  apertures  of  the  wound 
were  ^-ery  small,  and  no  foreign  bodies  or  splinters  of  bone  required 
removal,  he  simply  Avashed  the  skin  externally  with  a  1  in  20  solution  of 
carbolic  acid,  and  applied  a  dry  gauze  dressing,  which  was  left  nntouched, 
tlie  wound  being  allowed  if  possible  to  heal  by  scabbing  beneath  it.  If  the 
apertures  were  large,  and  splinters  of  bone  had  to  be  removed,  he  carried  out 
Lister's  treatment  with  all  its  details,  with  injection  of  the  wound,  drainage, 
and  repeated  dressings.  By  both  these  modes  of  treatment  he  obtained  a 
large  proportion  of  success. 

In  order  to  limit  the  inflammation,  it  was  in  former  times  a  common 
practice  with  military  Surgeons,  and  still  is  so  with  the  French,  to  enlarge  by 
incision  the  wound  made  by  the  ball,  -with  a  "sdew  of  providing  a  better  exit  for 
discharges  and  preventing  tension.  John  Hunter,  who  regarded  the  inflam- 
mation and  sloughing  that  occur  in  gun-shot  wounds  as  dependent  solely  on 
the  contused  nature  of  the  wound,  maiiTtaiued  that  this  practice  only  super- 
added another  injury  to  the  one  already  inflicted  by  the  bullet ;  and  following 
liis  precepts,  British  Surgeons  have  emj)loyed  the  knife,  in  the  early  stages  of 
gun-shot  wounds,  only  for  the  purpose  of  facilitating  the  hgature  of  bleed- 
ing vessels,  or  the  extraction  of  foreign  bodies.  In  the  more  advanced 
stages,  however,  free  incisions,  which  should  be  made  in  the  direction  of  the 
axis  of  the  limb,  are  commonly  required  in  order  to  lessen  inflammatory 
tension,  to  prevent  the  extension  of  sloughing,  and  to  favour  the  escape  of 
discharge. 

At  the  present  time,  however,  when  the  necessity  of  perfect  drainage  is  so 
fully  understood,  it  becomes  a  question  whether  it  would  not  be  better  practice 
to  enlarge  the  wound  when  it  is  evidently  too  small  to  give  a  perfectly  free 
exit  to  the  discharges.  Such  a  line  of  practice  undoubtedly  facilitates  the 
antiseptic  treatment,  as  it  renders  the  cleaning  of  the  wound  more  easy,  and 
for  this  reason  it  was  adopted  by  Vollonann  in  the  cases  before  alluded  to. 

If  the  Surgeon  is  unable  to  adopt  any  strictly  antiseptic  dressing,  the  best 
mode  of  lessening  inflammation  in  a  gun-shot  wound  in  the  early  stages,  and 
more  especially  in  hot  climates,  is  cold  irrigation,  or  if  possible  the  application 
of  dry  cold  by  means  of  ice  in  India-rubber  bags,  conjoined  with  drainage  and 
rest.  As  su]-)puration  comes  on,  we  must  substitute  warm  apphcations  for 
the  cold,  so  as  to  hasten  the  formation  of  matter  and  the  separation  of  the 
sloughs,  whilst  disinfectants  should  l)e  freely  used  to  the  whole  caAity  of 
the  wound.  All  bagging  and  burrowing  of  matter  must  be  carefullv 
guarded  against  by  position,  pressure,  drainage,  and,  if  need  be,  a  counter- 
opening.  Free  incisions  may  also  now  be  required.  These  should  not  be 
delayed  too  long.  They  may  be  required  for  three  purposes  :  first,  to  remove 
the  tension  resulting  from  deep  infiltration  of  the  limb  by  inflammatorv 
effusions  ;  secondly,  to  open  up  purulent  collections,  and  give  exit  to  the 
decomposing  discharges,  and  thus  to  relieve  the  severe  constitutional  disturb- 
ance dependent  upon  the  absorption  of  the  chemical  products  of  putrefaction  ; 
and  thirdly,  to  extract  splinters  of  bone,  portions  of  clothing,  and  other  foreign 
bodies  that  could  not  be  removed  in  the  first  instance.    When  the  inflammation 
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is  veiy  acute  and  will  not  yield  to  the  measures  just  enumerated,  it  has  been  re- 
commended to  compress  or  to  tie  tlie  main  artery  leading  to  the  part.  At  the 
period  of  the  loosening  and  separation  of  the  slonghs,  there  is  always  esjjecial 
danger  of  the  supervention  of  consecutive  haemorrhage.  The  patient,  con- 
sequently, at  this  time  requires  to  be  carefully  watched  :  if  the  wound  be  in 
the  vicinity  of  a  large  vessel,  a  tourniquet  should  be  placed  loosely  round  the 
limb,  so  as  to  be  screwed  up  at  a  moment's  notice  ;  and,  on  the  superA'ention 
of  bleeding,  the  artery  must  be  ligatured,  if  possible,  at  tlie  seat  of  the  wound, 
or,  if  this  be  not  practicable,  in  the  most  convenient  situation  above  it ;  and  if 
this  do  not  arrest  the  bleeding,  recourse  should  be  had  to  amputation. 

Serious  results,  such  as  abscesses,  profuse  discharges,  osteomyelitis,  necrosis, 
and  the  separation  of  splinters  of  bone,  must  be  subsequently  looked  for  in 
many  cases  ;  and  these  results  may  be  prolonged  for  many  years,  at  last 
pei-liaps  wearing  out  the  patient  if  the  cause  of  irritation  be  not  removed. 
Thus  General  Bem  required  to  have  a  bullet  removed  by  Liston  ft-om  the 
external  condyle  of  his  femur,  nineteen  years  after  it  first  lodged  there  ;  and 
Marshal  Moncey  died  forty  years  after  the  receipt  of  a  gun-shot  wound,  from 
its  effects.  A  soldier  who  was  wounded  at  the  storming  of  the  Redan  died 
under  my  care  in  the  Uni\-ersity  College  Hospital,  two  years  and  a  half  after 
that  event,  of  exhaustion  resulting  from  a  large  lumbar  abscess.  On  examina- 
tion it  was  found  that  the  bullet,  which  had  entered  the  left  side  of  the  chest, 
wounded  the  lung,  traversed  the  diaphragm,  notched  the  spleen,  passed 
between  the  kidney  and  suprarenal  body,  and  perforated  the  spine,  Avas  lying 
encapsuled  on  the  right  side  of  one  of  the  vertebras,  pressing  upon  the  right 
renal  vessels.  Its  irritation,  and  that  of  the  sequestra  from  the  injured  spine, 
produced  the  abscess,  from  the  effect  of  which  the  patient  died. 

The  aperture  of  exit  always  heals  sooner  than  the  aperture  of  entry ; 
owing,  probably,  as  Neudorfer  observes,  to  the  bullet  having  lost  its  lateral 
action  in  its  passage  through  the  tissues,  and  merely  cutting  its  way  out. 
It  is  at  the  point,  he  remarks,  where  the  lateral  action  is  lost,  that  healing 
begins. 

II.  Amputation  is  re(]uired  in  gun-shot  injuries  in  two  classes  of  cases  of 
very  dissimilar  character. 

In  cases  in  which  the  limb  has  been  wholly  or  in  part  carried  away,  or  when  it 
is  evidently  hopelessly  shattered,  the  ragged,  conical,  and  quivering  stump,  or 
the  mangled  remains  of  the  limb,  must  be  removed.  In  such  cases  there  can 
be  no  doubt  whatever  in  the  mind  of  any  Surgeon  as  to  the  necessity  foi* 
immediate  ami^utation. 

But  there  is  another  class  of  cases,  in  which  amputation  is  also  very  commonly 
required,  though  to  a  Suj-geon  judging  solely  from  the  accidents  of  civil  life 
it  might  not  at  first  appear  necessary.  These  are,  especially,  cases  of  compound 
gun-shot  fradures  of  ihe  thigh,  hvllet-tcovnds  of  tlie  hiee-joint,  and  many  similar 
injuries  of  the  leg.  Injuries  such  as  these,  occurring  from  other  causes  in  civil 
practice,  might  admit  of  an  attempt  being  made  to  save  the  limb.  But  in 
military  practice  it  is  different :  here  the  attempt  to  save  the  limb  with  the 
means  usually  at  the  command  of  a  Surgeon  in  actual  warfare,  may  be  followed 
by  such  extreme  local  and  constitutional  disturbance  as  to  jeopardize  seriously, 
and  probably  to  destroy,  the  patient's  life.  In  such  circumstances,  conserva- 
tism is  often  a  fatal  error ;  to  saA'e  life  the  limb  nuist  be  sacrificed.  The 
injury  for  which  an  experienced  Army-Surgeon  knows  that  amputation  is 
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iaiperative  may  look  but  trifling-,  and  to  tlie  patient  himself,  or  to  the  civilian, 
may  appear  to  justify  treatment  by  less  severe  procedure  ;  but  experience  has 
so  far  incontestably  shown  that,  under  ordinary  circumstances,  amputation  is 
almost  the  only  chance  of  safety  in  gun-shot  wounds  of  the  loAver  third  of  the 
tliigh  and  of  the  leg,  fracturing  the  bones,  or  injuring  the  knee-joint. 
Dupuvtren  states  that,  in  rejecting  amputation  in  compound  fractures  of  the 
extremities  from  gun-shot,  we  lose  more  li\-es  than  Ave  save  limbs  ;  and 
Hennen  is  of  opinion  that  in  all  "  ambiguous  cases  "  amputation  should  be 
performed.  We  have  still  to  learn  how  far  the  use  of  antiseptics  will  enable 
us  to  modify  these  rules  ;  but  it  is  scarcely  possible  that  the  military  Surgeon 
of  the  future  will  always  have  the  necessary  materials  at  his  command  for  strict 
antiseptic  treatment,  and  consequently  he  must  frequently  be  guided  in  his 
practice  by  the  experience  of  former  times,  and  resort  to  amputation  in  cases 
in  which  under  more  favourable  conditions  there  might  be  a  fair  prospect  of 
saving  the  limb. 

The  following  is  a  specification  of  the  chief  conditions  in  Avhich  amputation 
is  required. 

1.  When  the  whole  limb  is  carried  olf,  a  ragged  stmnp  merely  being  left ; 
so,  likcAvise,  if  the  limb  be  completely  crushed  and  disorganized  though  still 
left  adherent ;  or  again,  if  the  principal  vessels  be  injured  and  the  soft  parts 
carried  aAvay,  though  the  bone  be  intact,  the  limb  cannot  be  jireserved. 

2,  Amputation  is  especially  necessary  in  some  of  the  more  serious  injuries 
of  the  lower  extremity  ;  thus,  if  a  bullet  divide  the  femoral  vessels  or  th : 
sciatic  nerve,  and  splinter  the  thigh-bone  ;  or  if  the  sciatic  nerve  and  soft  parts 
at  the  back  of  the  thigh  be  carried  away,  although  the  vessels  and  bone  be  Icl'o 
uninjured, the  case  is  one  for  amputation.  It  maybe  stated  generally  (though, 
doubtless,  there  are  exceptions  to  this,  as  to  all  general  rules  in  surgery)  thnt 
in  the  case  of  a  comjmund  fracture  of  the  tower  third  of  the  femur  occasioned  b}' 
gun-shot,  amputation  is  the  safer  practice,  unless  the  patient  is  likely  to  be 
placed  in  exceptionally  favourable  circumstances  after  the  wound,  and  the 
Surgeon  has  at  his  command  all  the  means  necessary  for  efficient  antiseptic 
treatment. 

The  mortality,  however,  after  amputation  for  gun-shot  injury  of  the  iqiper 
two-thirds  of  the  thigh  is  so  very  great,  that  many  Surgeons  have  abandoned 
the  operation  in  these  cases,  and  professional  opinion  is  unsettled  as  to  the 
course  that  should  be  pursued.  In  the  Schleswig-Holstehi  war  of  1849,  it 
became  a  question  with  many  of  the  German  and  Danish  Surgeons  whether 
this  operation  should  be  continued,  or  whether  the  patient  Avould  not  have  a 
better  chance  if  the  injury  was  treated  on  ordinary  principles  as  a  compound 
fracture.  At  the  siege  of  Sebastopol,  the  mortality  after  amputation  in  the 
upper  third  of  the  thigh  was  so  great  in  the  Russian  army,  that  the  Surgeons 
abandoned  the  operation.  On  the  other  hand,  it  is  stated  in  the  Report  of  the 
Black  Sea  Fleet,  that  to  attempt  to  save  the  limb  in  any  case  of  gun-shot 
fracture  of  the  thigh  was  to  endanger  the  patient's  life.  In  the'Crimea, 
Macleod  states,  that  a  bad  compound  fracture  of  the  thigh  from  gun-shot  was 
synonymous  with  death.  This  was  partly  owing  to  the  bad  health  of  the 
troops,  and  partly  to  the  terrible  effects  of  conical  balls.  In  India,  where 
round  bullets  and  matchlock-balls  were  more  used,  the  result  was  not  so  bad. 

Macleod  states  that,  although  he  made  every  inquiry,  he  could  hear  of  three 
cases  only  in  which  recovery  had,  in  the  Crimea,  followed  a  compound  fracture 
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of  the  upper  third  of  the  thigli-bonc  without  amputation.  But,  exceptional  as 
■were  such  recoveries,  he  states  that  they  were  not  so  rare  as  alter  amputation 
for  simihir  injuries  ;  as  indeed  was  proved  bj  the  fact  that  not  one  patient 
recovered  after  amputation  at  the  hip-joint.  Hutin,  the  Surgeon  to  the 
Invahdes  in  Paris,  was  able  to  discover  twenty-four  cases  of  recovery  after 
compound  fracture  above  the  middle  of  the  t]u'o-h,but  no  case  of  recovery  after 
amputation  for  injury  of  the  same  part.  In  tiie  British  army  in  the  Crimea, 
the  amputations  in  the  upper  third  of  the  thig-h,  which  nuist  have  been  for 
compound  fractures  low  down  in  the  bone,  were  fatal,  in  the  ratio  of  8G  per 
cent.  ;  of  those  in  the  middle,  probably  for  injuries  of  the  lower  articular  end 
and  knee,  CO  per  cent,  died  ;  whilst  of  those  in  the  lower  third,  which  must 
have  been  for  injuries  of  the  knee  and  leg,  the  mortality  was  reduced  to  50  per 
cent.  The  conclusions  at  which  Macleod  arrives,  after  a  careful  inquiry  into 
this  question,  are  so  important,  that  I  give  them  in  his  own  words.  He  says  : 
"  Under  circumstances  of  war  similar  to  those  which  occurred  in  the  East, 
we  ought  to  try  to  save  compound  comminuted  fractures  of  the  thigh  when 
situated  in  the  upper  third  ;  but  immediate  amputation  should  be  had  recourse 
to  in  the  case  of  a  like  accident"'  occurring  in  the  middle  and  lower  thirds." 
In  the  great  civil  war  in  America,  the  opinions  of  Surgeons  appear  to  have 
been  divided  :  and  the  conclusion  arrived  at  seems  to  have  been  that,  provided 
the  large  vessels  and  nerves  were  not  injured,  and  the  circumstances  in  which 
the  patient  was  placed  as  to  conveyance  not  too  unfavourable,  the  chance  of 
recovery  would  be  equal  whether  amputation  were  performed  or  an  attempt 
made  to  save  the  limb.  But  even  in  these  circumstances  Hamilton  states 
that,  although  his  experience  in  that  great  war  has  led  him  to  the  conclusion 
that  in  the  upper  third  the  life  is  least  hazarded  by  an  attempt  to  save  the 
limb,  in  the  middle  third  conservatism  and  amputation  afford  an  equal  chance, 
whilst  in  the  lower  third  of  the  thigh  the  chances  are  in  fixvour  of  amputa- 
tion.   This  is  a  conclusion  very  similar  to  that  arrived  at  by  British  Surgeons. 

When  an  attempt  is  made  to  save  the  limb,  the  skin  should  be  cleaned  on  the 
field  of  battle,  if  possible,  with  some  strong  antiseptic,  and  the  limb  enveloped 
in  a  large  mass  of  salic^'lic  wool,  over  which  a  plaster-of- Paris  bandage 
should  be  applied.  This  di'essing  may  be  left  untouched,  unless  some  special 
circumstances  require  its  removal,  for  some  days,  until  the  patient  reaches 
the  hospital  in  which  the  further  treatment  is  to  be  carried  out.  In  some 
rare  cases  healing  will  take  place  under  a  dry  scab.  If  at  the  end  of  four 
days  the  patient  is  suffering  no  pain  and  is  free  from  fever  this  fortunate 
result  may  be  looked  for  ;  in  other  cases  the  primary  dressing  should  be 
removed  about  that  time,  and  during  the  further  progress  the  case  nuist  be 
treated  by  extension  and  counter-extension,  the  free  use  of  antiseptics,  and 
the  limb  may  be  securely  fixed  in  a  plaster-of-Paris  apparatus  with  a  window 
op])osite  the  wound, 

8.  In  gun-shot  ft-actures  of  the  hones  of  Hip  leg,  amputation  becomes  necessary 
if  the  tibial  arteries  be  injured,  or  if  the  knee  or  ankle-joint  be  badly  wounded. 
If  the  injury  be  in  the  middle  of  the  leg,  at  a  distance  from  these  joints,  and 
provided  there  be  not  longitudinal  fissuring  of  the  bone  leading  into  them, 
much  may  be  done  to  save  the  limb,  by  the  extraction  of  splinters,  and  the 
removal  of  sharp  and  angular  fragments  of  bone,  the  limb  being  put  up  in 
the  plaster-of-Paris  apparatus.  In  such  cases,  the  patient  may  recover  with  a 
shortened  but  otherwise  useful  limb. 
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4.  (Jun-shot  womids  of  the /wo/,  if  perforating  and  splintering  the  tarsus, 
require  amputation,  either  at  or  above  the  ankle.  Those  of  the  hand  nve  of 
special  interest  from  their  frequency,  in  consequence  of  the  bursting  of  guns, 
or  of  powder-flask  explosions.  lu  these  cases,  however  extensive  the  injurj^ 
may  be  that  is  inflicted  upon  the  hand,  fingers  being  blown  away,  the  thumb 
thrown  back,  and  the  metacarjial  bones  splintered,  we  nmst  endeavour,  if 
possible,  to  saA-e  a  portion  of  it,  if  it  be  only  one  or  two  fingers  ;  and,  owing 
to  the  ^reat  reparative  power  possessed  by  the  hand,  we  shall  often,  in  the 
Avorst-:-;oking  cases,  be  able  to  accomplish  this.  If  the  thumb,  with  one 
finger  as  an  opponent,  can  be  preser\  ed,  it  will  be  of  more  service  to  the 
patier.t  than  any  artificial  contri\  ance,  however  ingeniously  made. 

.5.  It  not  uufrequently  happens  that  amputation  may  be  required  in  tlic 
more  advanced  stages  of  gun-shot  injury,  in  consequence  of  mortification. 
Ill  these  circumstances,  it  must  be  practised  without  delay,  and  Avithout 
waiting  for  the  line  of  separation.  If,  in  consequence  of  long-continued 
sufferiug  and  discharge,  the  patient's  health  becomes  greatly  deteriorated, 
and  the  limb  remain  an  useless  appendage,  amputation  will  at  last  l)e 
imperative. 

G.  Gun-shot  in jm-ies  oi  joints  are  necessarily  most  serious  and  fatal — the 
danger  depending  on  the  size  and  complexity  of  the  articulation,  rather  than 
on  the  extent  of  the  injury.  AYounds  of  any  of  the  three  large  joints  of  the 
lower  extremity  are  especially  dangerous  and  fiital ;  those  of  the  u])per  ex- 
tremity are  more  readily,  and  indeed  commonly,  recovered  from.  The  fact  of 
a  joint  being  wounded  is  generally  obvious  enough  from  the  direction  taken 
by  the  ball,  the  comminution  of  the  bones,  and  perhaps  the  esca])e  of  synovia  ; 
but  a  joint  maybe  fatally  injured  by  the  longitudinal  splitting  of  the  bone  into 
it,  although  the  bullet  has  not  passed  Avithin  some  inches  of  it. 

In  bullet-wounds  of  joints,  excision  may  be  advantageously  substituted  for 
amputation  in  cases  in  which  the  soft  parts  are  not  too  extensively  torn,  the 
large  nerves  and  A'essels  are  uninjured,  and  the  shaft  of  the  bone  not  too 
Avidely  splintered,  the  mischief  being  confined  chiefly  to  the  articular  ends. 

Bullet-wounds  of  the  Jiead,  neck,  or  trochaniers  of  the  femur,  sjjlhiien'iii/  the 
bone  into  the  articulation,  are  necessarily  most  serious.  If  tliey  be  left  to 
palliatiA^e  treatment,  the  death  of  the  patient  may  be  considered  as  almost 
inevitable  ;  if  amputation  at  the  hip  be  performed,  the  prospect  is  better  ;  and, 
though  desperate,  the  case  must  not  be  considered  as  hopeless.  This  is  avcU 
illustrated  by  the  result  of  amputations  in  the  great  war  of  the  American 
Rebellion  (p.  105).  In  Primary  amputations  at  the  hip-joint  for  gun-shot 
injury,  the  mortality  Avas,  according  to  one  estimate,  94,  according  to  another, 
and  I  think  more  correct,  84  per  cent.  All  Intermediate  amputations  Avere 
fatal ;  the  Secondary  ones  only  at  the  rate  of  77  per  cent.  If  the  shaft  be  not 
too  much  implicated,  it  is  probable  that  the  best  hope  lies  in  the  excision  of  the 
splintered  head  of  the  bone,  and  the  careful  removal  of  the  loose  fragments. 
This  operation,  originally  proposed  by  Guthrie,  and  first  successfully  pei-formed 
by  O'Leary  in  the  Crimean  Avar,  presents  the  most  reasonable,  though  but  a 
slender,  hope  of  safety  to  the  patient,  and  should  accordingly  be  practised. 
With  this  A-iew  the  wound  must  be  laid  freely  open,  loose  fragments  extracted, 
and  the  upper  end  of  the  bone  detached,  turned  out,  and  sawn  off.  Of  six 
cases  in  Avhicli  this  Avas  done  in  the  Crimea,  one  patient,  O'Leary's,  recovered. 
Gurlt,  Avho  has  collected  all  the  cases  of  excision  of  joints  for  o-un-shot 
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wounds  wliieli  have  been  recorded  since  1702,  states  that  excision  of  tlie  hip 
has  been  performed  181)  times  ;  IC  of  the  patients  recovered,  V2-2  died,  and  tlie 
result  of  the  reraainino:  case  is  uncertain. 

Bullet-wounds  of  the  -Jr nee-Jo int  are  among  the  most  serious  injuries  in 
sur«i-ery  ;  and  this  whether  the  bones  be  nuich  comminuted  or  not,  pro\  ided 
the  epiphysis  of  the  tibia  or  femur  be  perforated,  or  the  articulation  be  fairly 
traversed  or  even  penetrated  by  the  ball.  Prior  to  the  American  war  there 
were  but  seven  cases  in  which  excision  of  thefaiee  had  been  done  for  gun-shot 
injury— ti\e  in  military,  two  in  civil  practice  ;  the  two  latter  cases  recovered, 
the  other  five  died.  In  the  American  wai-  the  operation  was  done  eleven 
times  :  in  two  cases,  one  primary,  the  other  secondary,  recovery  took  place  ; 
nine  deaths  resulted,  chiefly  from  pyamiia.  In  tln-ee  cases  in  which  tlie  patella 
alone  was  excised,  death  ensued.  Gurlt  has  collected  the  records  of  .140  cases, 
of  which  ?>'i>  recovered,  111  died,  and  the  result  was  uncertain  in  the  remaining 
cases.  These  results  are  so  bad  that  the  operation  for  the  future  will  probably 
be  abandoned  in  military  surgery.  It  is  in  this  class  of  cases,  however,  that 
Bergmann  and  Rcyher  have  obtained  a  very  considerable  measure  of  success 
by  conservative  treatment,  with  strict  antiseptic  dressing.  Bergmann  had  15 
fresh  gun-shot  wounds  of  the  knee  under  his  care  after  one  of  the  battles 
in  the  Russo-Turkish  war.  These  were  aU  treated  by  superficial  clean- 
ing of  the  skin  with  carbolic  lotion  and  the  application  of  a  mass  of 
salicylic  wool,  especially  thick  at  the  knee,  secured  by  an  elastic  bandage  and 
co\'ered  with  a  plaster-of-Paris  ajiparatus.  They  were  then  immediately  sent 
on  a  four  days'  journey,  under  great  difficulties  from  roads  and  weather,  to  the 
hospital  at  the  base  of  ojierations.  Of  these  8  recovered  without  suppuration, 
2  suppfirated  slightly  and  5  severely.  Of  these  five,  two  recovered  without 
amputation,  two  after  amputation,  and  one  died  of  pyaemia.  Reyher,  by  the 
em])lo}nnent  of  carbolic  gauze,  either  as  a  permanent  dressing  to  obtain 
healing  by  scabbing,  or  with  drainage,  obtained  the  following  results.  In  1 8 
cases  which  came  under  his  care  before  they  had  been  probed  or  examined  he 
got  union  of  the  wound  under  the  dry  dressing,  without  suppuration,  in  10  ; 
in  (I  he  treated  the  wound  by  antiseptic  drainage  and  of  these  'd  died  ; 
and  in  2  drainage  was  commenced  at  a  later  period  of  the  case  and  l)oth 
recovered.  Thus  in  the  18  cases  treated  primarily  by  antiseptic  dressing, 
i>  died,  and  all  the  survivors  preserved  the  limb  with  a  considerable  degree 
of  mobility  in  the  joint.  Forty  cases  which  had  been  "  fingered  "  before 
he  saw  them  also  came  under  his  observation.  Of  these  19  were  ti-eated 
by  drainage  after  occlusion  had  failed  and  18  died  ;  in  1)  more  intermediate 
amputation  was  performed,  with  7  deaths  ;  in  12  secondary  amputation  was 
performed,  and  with  i)  deaths  ;  making  a  total  of  40  cases,  with  34  deaths, 
and  only  one  limb  saved.  Conservative  treatment  was  attempted  without 
antiseptic  dressing  in  23  cases,  and  of  these  only  one  finally  reco\  ered,  and 
in  his  case  healing  took  place  by  scabbing  under  a  dry  dressing. 

In  all  cases  in  irh/rh  ant/'sejjtic  ireahupnt  is  imjwssible,  and  these  will 
probably  form  a  large  proportion  of  all  gun-shot  Avounds  occurring  durino- 
actual  war,  conservative  treatment  contrasts  most  unfavourably  with  primary 
amputation  in  the  lower  third  of  the  thigh.  When  amputation  is  determined 
on,  the  operation  rcfjuircs  to  be  performed  early,  not  because  the  apparent 
injury  may  be  very  severe,  or  the  mutilation  of  the  limb  so  great  as  obviously 
and  imperatively  to  call  for  immediate  amputation,  but  because  experience 
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lias  shown  that,  unless  tlic  limb  be  removed  at  an  early  period,  after-conse- 
quences of  the  most  serious  and  fatal  character  will  to  a  certainty  ensue. 
Extensive  suppuration  of  the  joint,  deep  and  large  abscesses  burrowing  among 
the  muscles  of  the  thigh,  and  consequent  exhaustion  of  the  patient  by  hectic, 
or  his  destruction  by  pyoBmia,  are  the  cojiditions  that  amputation  alone,  per- 
formed at  an  early  stage,  can  avert.  This  necessity  for  early  amputation  in 
penetrating  bullet-wounds  of  the  knee-joint,  when  antiseptic  treatment  is 
impossible,  is  recogruzed  by  all  modern  military  Surgeons.  Gruthrie  and 
Larrcy  in  the  French  wars,  Esmarch  and  Stromeyer  in  the  Schleswig-liolstein 
campaign,  and  the  Surgeons  in  the  Crimea,  all  found  that  the  attempt  to  save 
a  limb  so  injured  led  to  the  sacrifice  of  the  patient's  life. 

Bullet-wounds  of  the  cmldo-joint  do  not  necessarily  require  amputation.  If 
the  bones  be  not  too  extensi^'cly  comminuted,  and  more  particularly  if  the 
l)osterior  tibial  artery  and  nerve  have  escaped  injury,  au  attempt,  and  j)robably 
a  successful  one,  may  be  made  to  save  the  limb  ;  the  injury  being  treated  ou 
those  principles  which  will  be  described  in  the  chapters  on  Fractures  and  on 
Dislocations.  In  such  cases  extraction  of  fi-agments,  and  excision  of  the 
splintered  ends,  are  necessary  ;  and  modified  operations,  partial  excision  by 
means  of  gouge,  forceps,  and  Hey's  saw,  will  be  found  more  successful  than  the 
more  systematic  operations.  Gurlt  has  collected  150  cases  of  excision  of  the 
ankle,  with  94  recoveries,  51  or  83'92  per  cent,  deaths,  and  5  uncertain.  If 
the  large  vessels  and  nerves  have  been  cut  across,  and  the  bones  very  ex- 
tensively shattered,  amputation  will  be  the  pro])er  course  to  pursue. 

The  shoulder,  and  more  particularly  the  left  shoulder,  from  its  advanced 
position  in  the  act  of  firing,  is  peculiarly  liable  to  gun-shot 
injury  ;  the  bullet  either  lodging  in  the  head  of  the  humerus 
or  traversing  it,  and  perhaps  fracturing  some  of  the  bony 
processes  of  the  scapula  in  its  immediate  vicinity ;  or,  as  in 
the  case  of  common  shot,  or  fragments  of  shells,  carrying 
away  the  fleshy  cushion  of  the  deltoid  muscle.  It  is  especially 
in  bullet-wounds  of  the  shoulder  and  elboAv-joint,  that  con- 
ser\-ative  surgery  has  been  most  successful.  In  such  cases, 
when  the  bones  are  penetrated,  and  even  shattered  ))y  a 
bullet,  provided  the  main  blood-vessels  and  nerves  of  the 
limb  be  not  injured,  amputation  will  seldom  be  required  ; 
and,  indeed,  it  should  be  laid  down  as  a  rule  in  surgery, 
that  excision  should  be  ])referred  to  amputation  in  all  cases  in 
which  the  large  blood-vessels  and  nerves  are  not  wounded, 
or  the  soft  parts  too  extensively  disorganized.  The  wound  having  been 
enlarged,  loose  spicula  must  be  removed,  and  the  splintered  and  jagged  ends 
of  the  fractured  bone  sawn  smoothly  off.  If  the  bullet  be  still  lodged  in  the 
head  of  the  humerus,  as  in  Fig.  119,  the  same  course  should  be  adopted. 
It  has  been  a  question  with  Surgeons  whether  excision  or  amputation  should  be 
done  when  the  upper  end  of  the  shaft  of  the  humerus  has  been  much  splintered, 
with  or  Avithout  penetration  of  the  joint.  In  these  cases  the  epiphysis  is  often 
uninjured.  Guthrie  advised  amputation  ;  but  the  result  of  the  experience  oi' 
the  war  in  America  has  been  that  five  or  six  inches  of  the  shaft  of  the  humerus 
may  be  removed  with  perfect  safety,  and  that  no  good  comes  of  leaviu"-  the 
uninjured  head,  which  should  also  be  excised.  The  results  of  excision  of  the 
joHits  of  the  upper  extremity  are  in  the  highest  degree  satisRictory.  Thus 
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Bandens  states  that  he  saved  13  out  of  14  cases  of  excision  of  the  shoulder. 
According  to  Thornton,  in  the  British  armv  in  the  Crimea,  the  shoulder  was 
excised  12  times  with  2  deaths;  the  ellxw  in  17  cases,  of  which  two  were 
fatal  ;  and  partially  in  five  other  cases,  all  of  which  were  successful.  These 
results,  which  reflect  the  highest  credit  on  the  skill  of  our  Army-Surgeons,  were 
more  successful  than  those  that  followed  amputation  of  the  corresponding 
parts.  Of  00  disarticulations  at  the  shoulder,  19,  or  31  per  cent.,  were  fatal"; 
and  of  153  amputations  of  the  arm,  21),  or  19  per  cent.,  died.  T'he  result 
of  resection  of  these  joints  has  not  been  quite  so  satisfactory  elsewhere  :  thus, 
in  the  Confederate  army  in  America,  Chisholm  states  that  up  to  February, 
ISO-!-,  of  59  cases  of  excision  of  the  shoulder,  20  proved  unsuccessful ;  and 
of  45  cases  in  which  the  elbow  was  excised,  9  were  unsuccessful.    In  the 


official  report  of  the  Surgeon-General  of  the  United  States  army,  of  280 
cases  of  excision  of  the  elboAV  in  which  the  results  are  known,  it  is  stated 
that  02  died,  and  that  in  IG  amputation  became  necessary.  Of  210  primary 
excisions  of  the  shoulder-joint  death  occurred  in  50  ;  and  in  298  secondary 
excisions  115  cases  were  fatal,  giving  a  mean  mortality  of  32*48,  against 
39*44  for  amputation  at  the  shoulder,  and  44*4  for  cases  treated  on  the 
expectant  jjlan.  In  the  Russian  army,  conservative  surgery  was  also  exten- 
sively practised  ;  and  in  it,  according  to  Mouat  and  Wyatt's  report,  of  20  cases 
of  excision  of  the  elbow,  15  recovered. 

Gurlt  has  collected  1,601  cases  of  excision  of  the  shoulder  in  military 
surgery  with  1,067  recoveries,  567,  or  34*7  per  cent.,  deaths,  and  27  uncer- 
tain ;  and  1,438  of  excision  of  the  elbow,  with  1,054  recoveries,  349,  or  24*87 
per  cent.,  deaths,  and  35  doubtful. 

The  operation  of  excision  of  large  portions  of  the  shaft  of  the  humerus, 
as  well  as  of  its  head,  was  carried  much  further  by  the  American  military 
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Suro-eous  in  the  war  of  tlie  Rebellion  than  had  heretofore  been  clone.  Fig.  ]  20, 
taken  from  photographs  in  the  jiossession  of  the  Army  Medical  De]Dartnient  at 
Washington,  represents  six  inches  of  the  shaft  of  the  humerus  with  its  head, 
which  had  been  thus  excised  ;  and  Fig.  1  -11,  the  arm  that  was  left.  I  saw  the 
man,  who  is  an  orderly  in  that  splendid  and  unrivalled  collection,  the  Army 
Medical  IMnseum  at  Washington,  and  I  can  testify  to  the  utility  of  his  arm  ; 
the  bone  so  skilfully  taken  away  he  himself  exhibited. 

Excision  of  the  wrist,  in  wliole  or  in  jjart,  for  gun-shot  injury  has  not  proved 
very  satisfactory,  not  so  much  from  death  as  from  inutility  of  the  hand  that 
was  left.  Of  27  done  in  the  American  war,  only  ?^  died.  In  two  instances, 
a)nputation  of  the  fore-arm  was  practised. 

Gurlt  has  cohected  133  cases  Avith  112  recoveries,  20,  or  15-15  percent, 
deaths,  and  1  uncertain. 

The  steps  of  all  the  excision -operations  are  the  same,  whether  the  excision 
of  the  part  be  i-equired  for  gun-shot  injury,  or  for  other  accidents,  or  for 
disease  ;  except  that  in  gun-shot  injury  advantage  may  often  be  taken  of 
the  wound  in  the  soft  parts,  by  enlarging  which  longitudinally,  the  shattered 
bone  may  be  readily  reached  and  extracted,  and  the  splintered  ends  sawn 
smooth. 

The  question  as  to  t\\e  porioil  at  ivJdch  ampuiation  oiigJtf  to  Ije  performct/  after 
the  infliction  of  gun-shot  wounds  is  one  of  great  importance,  and  has  given 
rise  to  much  discussion  among  »Surgeons.  The  older  military  Surgeons,  Pare, 
Wiseman,  Ledran,  Ranby,  &c,,  taking  a  common-sense  view  of  the  question, 
ad\"0cated  the  removal  of  the  hopelessly  injured  limb  as  soon  as  possil)le  after 
the  receipt  of  the  injiuy.  Wiseman's  ad\  ice  is  to  "  cut  off  the  limb  quickl}', 
while  the  soldier  is  heated  and  in  mettle  and  this  advice  has  not  been  and 
cannot  be  improved  upon.  After  the  battle  of  Fontenoy,  in  the  middle  of  the 
last  century,  professional  opinion  underwent  a  change  upon  this  subject  ;  and 
Faure  wrote  a  thesis,  which  obtained  a  prize  of  the  French  Academy  of 
Surgery,  recommending  delay  in  !im]:)utatiug  in  certain  cases.  Hunter,  Percy, 
and  other  Surgeons  of  repute,  promulgated  similar  views  ;  and  Bilguer,  the 
Surgeon-iu-chief  to  the  armies  of  Frederick  the  Great,  went  to  the  absurd  and 
dangerous  extent  of  condemning  amputation  entirely.  These  extreme  opinions 
necessarily  occasioned  a  reaction  :  and  the  experience  gained  in  thew-ars  of  the 
French  Revolution  and  of  the  Empire  has  enabled  Surgeons  to  settle  tliis 
question  definitely.  It  is  more  particularly  through  the  labours  and  observa- 
tions of  John  Bell,  LaiTey,  Thomson,  Guthrie,  S.  Cooper,  and  Hennen,  that 
the  necessity  of  having  recourse  to  immediate  amputation  in  all  cases  of  gun- 
shot injury  requiring  this  operation  has  been  fully  recognized,  and  the  truth  of 
Wiseman's  advice  has  been  re-established. 

In  determining  this  point  we  nmst  be  guided,  partly  by  surgical  experience 
of  the  result  of  such  cases  when  left  to  nature,  and  partly  by  an  appeal  to  facts. 
In  appealing  to  experience  we  nmst,  to  use  the  forcible  language  of  Sir  Charles 
Bell,  contemplate  what  will  be  the  condition  of  the  parts  in  twelve  hours,  in 
six  days,  and  in  three  months.  "  In  twelve  hours  the  inflammation,  pain,  and 
tension  of  the  whole  limb,  the  inflamed  countenance,  the  brilliant  eye,  the 
sleepless  and  I'estless  condition,  declare  the  impression  the  injury  is  making  on 
the  limb  and  on  the  constitutional  powers.  In  six  days,  the  limb  from  the 
groin  to  the  toe,  or  from  the  shoulder  to  the  finger,  is  swollen  to  half  the  size 
of  the  body ;  a  violent  phlegmonous  inflammation  pervades  the  whole  ;  serous 
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effusion  has  taken  place  in  the  whole  limb  :  and  abscesses  are  forming-  in  the 
gi-eat  beds  of  cellular  texture  throughout  the  whole  extent  of  the  extremity. 
In  three  months,  if  the  patient  have  laboured  through  the  agony,  the  bones 
are  carious  ;  the  abscesses  are  interminable  sinuses  :  the  limb  is  undermined 
and  everywhere  unsound ;  and  the  constitutional  strength  ebbs  to  the  lowest 
degree." 

If  we  appeal  to  facts,  we  shall  find  that  of  ;;()(»  secondary  amputations 
reported  by  Faure,  after  the  battle  of  Fontenoy,  only  thirty  were  successfid  ; 
whereas  Larrey  saved  three-fourths  of  his  primary  ami)utations  in  the  Napo- 
leonic wars.  In  the  Peninsular  war,  the  comparative  loss  after  secondary 
amputations  of  the  upper  extremity  was,  to  that  following  the  pi-imary,  as 
twelve  to  one ;  and  of  the  lower  extremity,  the  loss  after  secondaiy  amputation 
was  three  times  as  great  as  after  primary.  During  the  siege  of  Sebastopol, 
among  8(>,()00  wounded  Russians  there  were  ?>,000  amputations.  Of  the 
primary  amputations  of  the  upper  extremity,  leg,  and  foot,  about  one-half,  and 
of  the  lower  and  middle  third  of  the  thigh,  about  one-third  reco^■ered  ;  but  of 
all  the  secondary  amputations  more  than  two-thirds  died.  Primary  amputa- 
tion, therefore,  should  always,  when  practicable,  be  performed  in  preference  to 
secondary. 

But  how  soon  after  the  infliction  of  the  injury  should  it  be  practised  ?  It  is 
the  (opinion  of  some  Surgeons  that  there  is  often  an  interval  between  the 
infliccion  of  the  injury  and  the  supervention  of  the  shock  to  the  system,  in 
which  the  limb  may  more  ad\'antageously  be  removed.  Should  the  depression 
of  ''shock"  have  come  on,  it  then  becomes  a  question  whether  immediate 
amputation  should  be  practised,  or  the  removal  of  the  limb  delayed  until 
reaction  sets  in.  On  this  point  it  is  obviously  difficult  to  lay  down  any  very 
definite  rule  ;  but  it  may,  I  think,  be  stated  generally  as  the  result  of  the 
experience  of  the  best  Army-Surgeons,  that,  if  the  shock  be  not  very  intense, 
the  lira!)  may,  under  chloroform,  be  safely  removed.  Should  the  prostration  be 
excessi^'e,  and  there  be  reason  to  fear  the  possibility  of  internal  injury,  it  will 
be  wiser  to  delay  operation.  But  if  an  unsuccessful  attempt  at  the  preservation 
of  the  limb  be  made,  and  if  occasion  for  its  subsequent  removal  should  arise, 
the  Surgeon  nmst  wait  until  suppuration  has  set  in  before  he  operates,  the  pei'iod 
of  acute  inflammation  and  septic  fever  being  allowed  to  pass  by.  The  most 
favourable  time  is  usually  about  the  tenth  day.  Among  the  cases  that  require 
secondary  amputation  are  any  in  which  traumatic  gangrene  may  happen  to 
set  in  ;  here  the  limb  must  always  be  removed  without  delay.  If  profuse 
haemorrhage  fi'om  the  wound  occur,  and  do  not  admit  of  supi)ression 
by  the  ordinary  means,  secondary  amputation  may  become  necessary. 
So,  also,  when  the  bones  do  not  unite,  the  patient  being  worn  out  by 
discharges  and  the  irritation  of  necrosis  and  caries,  and  left  with  a  wasted, 
shattered,  and  useless  limb,  its  removal  is  the  only  means  of  saving  lif^'.  The 
great  mortality  after  secondary  ami)utation  in  military  practice  is,  in  great 
measure,  owing  to  the  unfavourable  hygienic  conditions  to  which  the  wounded 
soldier  is  usually  exposed  fi-ora  over-crowding  and  want  of  necessary  appliances. 
He  is  thus  rendered  peculiarly  liable  to  the  occurrence  of  pviijmia,  scpticajmia, 
and  hospital  gangrene. 

The  nature  and  treatment  of  gun-shot  injuries  of  special  regions,  as  of  the 
head,  chest,  and  abdomen,  will  be  considered  in  the  Chapters  devoted  to  the 
description  of  Injuries  of  those  parts. 
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CHAPTER  XI. 


POISONED  WOUNDS. 

A  VERY  imporfcaufc  variety  of  wound  is  tliat  in  wliicli  a  poison  is  introduced. 
The  poisons  that  can  be  thus  inoculated  belonf>"  to  two  great  classes  ;  first,  the 
non-infective,  which  have  no  power  of  increasing  in  cjuantity  in  the  living 
body,  and,  secondly,  those  which  possess  true  infective  properties  and  multiply 
amongst  the  tissues  or  in  the  blood.  In  the  former  chiss  the  effect  is  propor- 
tional to  the  dose,  in  the  latter  it  is  not ;  in  the  former  the  eflTect  begins  to 
manifest  itself  immediately,  in  the  latter  there  is  sometimes  a  period  of  incu- 
bation, during  which  no  symptoms  indicate  the  })resence  of  the  poison.  Both 
classes  may  act  locally  or  generally.  When  the  non-infective  poisons  produce 
grave  general  symptoms,  it  is  due  either  to  the  quantity  introduced  or  to  the 
intensity  of  the  ^-irus.  The  most  important  of  the  non-infective  poisons  are 
the  venom  of  various  insects,  the  poison  of  snakes,  and  the  chemical  products 
of  putrefiiction.  Amongst  the  most  important  of  the  true  infective  poisons  are 
the  virus  of  rabid  animals,  of  glanders,  of  malignant  pustule,  and  of  certain 
unhealthy  processes  in  the  living  human  body. 

STINGS  OF  INSECTS. 

stings  of  Insects,  as  of  bees,  wasps,  mosquitoes,  gnats,  etc.,  though 
painful,  seldom  produce  any  serious  inconvenience  ;  yet  occasionally  they  may 
do  so,  and  may  even  prove  fatal,  by  serving  as  a  starting  point  for  erysipelas 
in  some  unhealthy  constitutions,  oi"  by  giving  rise  to  intense  irritation  from 
the  multiplicity  of  the  stings,  as  when  bees  in  great  numbers  swarm  upon  and 
sting  a  person  ;  or  they  may  be  dangerous  in  consequence  of  the  nature  of  the 
part  that  is  stung,  as  the  eye,  or  the  interior  of  the  mouth,  or  pharynx,  as 
has  hap]3ened  from  swallowing  a  bee  in  a  i^iece  of  honeycomb.  Mosquilo-bites 
are  peculiarly  irritating,  and,  when  numerous,  poison  the  blood,  producing 
nervous  depression  and  great  febrile  irritation.  The  venom  of  a  mosquito  is 
very  powerful,  weight  for  weight  probably  more  so  than  that  of  the  rattlesnake. 
The  bites  of  some  insects,  as  scorpions,  or  the  tarantula  in  Italy,  give  rise  to 
more  serious  and  even  fatal  disturbance.  A  peculiar  train  of  nervous  pheno- 
mena is  said  to  follow  the  bite  of  the  tarantula,  hence  called  "  tarantismus 
a  disease  that  is  generally  stated  to  be  peculiarly  influenced  by  music,  though 
this  has  been  denied  by  Gozzo. 

Treatmp^nt.— In  the  treatment  of  stings  of  insects  the  application  of  cool- 
ing lotions  or  of  a  cold  poultice,  or  rubbing  the  part  Avith  olive-oil,  will  be  found 
the  most  useful  means  of  allaying  irritation.  In  some  cases,  more  especially  in 
mosquito-lutes,  or  the  stings  of  bees  or  wasps,  touching  the  part  stung  with 
strong  liquor  ammonite  or  potassaa  gives  relief,  if  applied  at  once.  In  the  case 
of  stings  from  wasps  or  bees,  it  should  be  ascertained  that  the  sting  has  not 
been  left  in  the  wound.    If  so,  it  must  be  extracted,  and  the  alkali  applied. 
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SNAKE-BITES. 

Sna,ke-bites  are  seldom  fatal  in  England,  the  viper  or  adder  not  possessing 
a  sufficiently  energetic  poison  to  destroy  a  healthy  adult,  though  it  might 
possibly  kill  a  child  or  a  very  weak  and  delicate  person.  Snakes  are  said  to  be 
most  actively  venomous  in  warm  weather  and  during  the  season  of  procreation. 
Their  bites  are  of  course  most  daugerous  if  inflicted  through  a  vein  or  glan- 
duhir  part,  or  near  the  centre  of  the  cisculation,  or  about  the  neck  and  face.  In 
tropical  countries  the  bite  of  the  rattte-snake,  of  the  cobra  di  capcllo,  the  pufl- 
adder,  or  the  tobacco-pipe  snake,  is  often  fatal.  The  number  of  persons  who 
are  annually  killed  by  snake-bites  in  those  parts  of  India  alone  from  which 
returns  arc  procurable  amounts  to  about  12,000,  or  about  1  iu  every  5,000  of 
the  inhabitants  ;  and  it  occasionally  happens  even  in  this  country  that  the 
Surgeon  has  an  opportunity  of  seeing  wounds  inflicted  by  these  fearful  reptiles 
in  menageries.  Thus,  Sir  E.  Home  has  recorded  a  fatal  case  of  rattle-snake 
bite  occurring  in  Enu'land.  A  similar  instance  has  been  seen  at  St.  Georo-e's 
Hospital,  and  another  in  Paris,  iu  showmen.  The  most  remarkable  case  of 
this  kind  with  which  I  am  acquainted  occurred  some  years  ago  at  the  Uni- 
versity College  Hospital,  and  afforded  an  opportunity,  rare  in  this  country,  of 
witnessing  the  effects  of  the  bite  of  a  cobra  di  capello.  The  patient,  a  keeper 
at  tlic  Zoological  Gardens,  was  bitten  in  the  bridge  of  the  nose,  the  poison- 
fang  having  apparently  penetrated  the  angular  vein.  When  brought  to  the 
hospital,  about  half  an  hour  after  the  accident,  he  was  apparently  dying,  being 
nnabie  to  speak,  swallow,  or  support  himself ;  the  pupils  were  dilated,  the  face 
livid,  the  heart's  action  feeble,  and  he  was  scarcely  conscious.  After  death, 
which  took  place  in  little  more  than  an  hour  from  the  time  of  the  infliction  of 
the  ^vound,  the  veins  of  the  brain  and  the  cerebral  sinuses  were  found  con- 
gested with  blood,  as  were  also  the  lungs  to  an  immense  extent,  and  the  solid 
abdominal  viscera.  The  right  cavities  of  the  heart  were  loaded  with  dark 
blood,  the  left  being  empty  ;  indeed,  the  phenomena  of  asphyxia  were  strik- 
ingly marked.  In  this  case,  death  would  appear  to  have  resulted  from  the 
poison  paralysing  the  medulla  oblongata,  and  those  portions  of  the  nervous 
system  which  are  concerned  in  carrying  on  respiration,  at  the  same  time  that 
the  blood  was  disorganized  by  the  action  of  the  virus. 

Effects  of  Snake-poisox. — The  venom  of  the  cobra  has  been  found  to 
consist  of  an  albuminous  fluid  of  neutral  reaction,  holding  cells  in  suspension. 
It  is  said  to  contain  also  a  non-organized  ferment  resem])ling  ptyaline.  The 
poison  is  secreted  by  a  ghuid  communicating  by  a  duct  with  the  hollow  fang, 
and  so  situated  that  in  the  act  of  biting  it  is  compressed  by  the  muscles  of  the 
jaw  and  the  venom  is  thus  forcibly  ejected  from  the  fang.  AVhen  given  intern- 
ally, or  applied  to  the  conjunctiva,  it  fails  to  kill.  Snake-poison,  when  intro- 
duced into  the  system  through  a  bite  or  puncture,  may  prove  injurious  or  kill, 
either  by  its  primary  and  direct  depressing  influence  on  the  nervous  system, 
somewhat  resembling  that  produced  by  some  lUTrcotic  poisons ;  or,  secondarily, 
land  more  i-emotely,  by  exciting  severe  diffuse  inflammation  of  the  areolar 
tissue  of  the  limb  or  part.  The  intensity  of  its  effects  depends  upon  the 
quantity  injected,  and  consequently  upon  the  size  and  vigour  of  the  animal 
inflicting  the  wound  ;  one  that  has  been  compelled  to  bite  frequently  has  no 
longer  the  destructive  power  which  it  had  when  fresh. 

The  first  mode  of  death  occurs  only  when  the  poison  is  either  very  powerful, 
or  the  animal  bitten  small.    Thus  the  poison  of  the  tobacco-pipe  snake  is  said 
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to  be  so  virulent,  that  it  will  kill  a  fiill-<^TOwn  man  in  less  than  a  quarter  of  an 
hour.  'J'he  rattle-snake,  and  the  cobra  di  capello,  will  kill  a  small  animal  in 
the  course  of  a  few  seconds  ;  and  a  man,  bitten  some  years  ago  by  a  rattle- 
snake in  Paris,  died  in  nine  hours  :  the  cobra-bite  just  related  was  fatal  in 
little  more  than  one  hour  ;  the  Australian  tiger-snake  will  kill  in  less  than 
twenty-four  honrs. 

When  the  snake  is  less  venomous  and  dea  th  is  not  speedy,  the  |)oison  excites 
dilfuse  inflammation  and  sup])uration  of  the  areolar  tissu(.>  of  the  linil)  bitten. 
This  is  a  very  common  consequence  of  the  bite  of  the  "N'iper  in  this  country. 
It  may  occur  also  after  bites  by  the  larger  ophidia.  Thus,  iu  the  case  which 
occurred  in  St.  George's  Hospital,  the  j^atient  died  on  the  eighteenth  day  afcer 
the  bite  of  the  rattle-snake,  with  large  abscesses  in  the  arm  and  iu  the  axilla, 
and  with  sloughing  of  the  areolar  tissue  of  the  limb. 

The  Symj'TOMS  occurring  after  a  poisonous  snake-bite  consist  in  great 
depression  and  prostration  of  the  system,  a  feeble  and  intermittent  pulse, 
dilated  pupils,  usually  slight  delirium,  indistinctness  of  speech,  at  times 
com})lete  aphasia,  speedy  stupoi",  insensiijility  and  death.  The  pain  is  burning 
and  lancinating,  A\  hilst  the  part  bitten  swells  and  becomes  livid  in  a  few  hours ; 
and  if  the  patient  survive  sufficiently  long,  diffuse  inflammation  and  gangrene 
occur  in  its  neighbom*hood ;  involuntary  evacuations  take  place  ;  the  depression 
increases  and  may  eventually  terminate  fatally,  or  end  slowly,  and  after  a 
lapse  of  thne,  in  the  recovery  of  the  patient,  Avhose  health  may  long  suffer 
seriously  from  the  effects  of  the  accident. 

Teeatment. — This  is  local  and  general. 

The  Local  Treatment  can  be  fulfilled  with  success  only  when  the  patient 
is  seen  inunediately  after  the  accident,  as  the  absorption  of  the  poison  is  very 
rapid.  It  presents  two  great  indications  ;  1,  to  prevent  the  absorption  of  the 
poison  into  the  system  :  and  2,  to  treat  the  diffuse  inflammation  and  sloughing 
that  may  subsequently  occur.  The  first  indication  may  be  fulfilled  by  tying  a 
ligature  so  tightly  round  the  limb  at  a  httle  distance  above  the  injured  part,  as 
to  arrest  all  circulation  through  it.  In  this  way  the  absorption  of  the  poison 
may  be  prevented  ;  the  wound  should  then  be  freely  cauterized  Avith  a  red-hot 
iron  or  cinder,  or  better  still,  excised,  and  a  cupping-glass  applied  o\  er  the 
cut  surface,  so  as  to  withdraw  the  blood  in  the  neighbourhood  which  may  Innc 
become  contaminated  by  the  poison.  If  a  cupping-glass  be  not  at  hand,  or  if 
the  part  bitten  be  so  situated  as  not  to  admit  of  its  application,  there  can  be 
no  objection  to  the  employment  of  suction  by  the  mouth  after  free  excision  : 
the  poison  not  being  absorbed  by  an  unbroken  mucous  membrane.  In  usini;- 
suction,  the  mouth  should  be  rinsed  with  brandy.  A  plan  sometimes  adoi)ted 
when  the  bite  is  inflicted  while  shooting  in  India  is  to  pinch  the  part  up  and 
cut  it  out  at  once  and  then  to  make  a  paste  in  the  wound  with  blood  and  gun- 
powder and  light  it,  by  Avhich  the  raw  surf\xce  is  effectually  cauterized.  iVith 
the  view  of  lessening  the  swelling,  tension,  and  pain  of  the  limb,  frictions  \\  ith 
<)li\  e  oil  are  said  to  be  advantageous.  After  diffuse  inflannnation  has  set  in. 
this  must  be  treated  on  general  principles— by  fomentations  and  free  incision. 

The  Constitutional  Treatment  consists  in  the  early  and  free  administra- 
tion of  the  most  j^owcrful  stimulants,  with  the  view  of  combating  the  depression 
that  exists.  For  this  purpose  brandy,  Avine,  ammonia,  or  ether  must  be  fi-eelv 
given.  The  eau  de  luce—\<\^^^^\x  enjoys  a  high  repntati(m  in  some  troi)ical 
countries— owes  its  efficacy  to  the  ammonia  which  it  contains.    Should  diowsi- 
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ness  come  on,  tlie  patient  imist  be  made  to  walk  about;  and  artificial  respiration 
with  galvanism  may  be  resorted  to  as  a  last  means  of  maintaining  life  until  the 
effects  of  the  stimulants  may  overcome  those  of  the  poison.  Enforced  exercise 
— the  patient  being  made  to  run  for  some  distance  behind  a  can-iage  driven  at 
a  steady  pace — is  another  means  of  keeping  up  the  respiration,  while  the  sweat- 
ing aids  in  the  elimination  of  the  poison.  Large  doses  of  arsenic  have  been 
recommended  as  a  kind  of  specific,  and  the  "  Tanjoro  pill,"  a  celebrated  Indian 
remedy,  owes  its  activity  to  this  mineral ;  but  care  nnist,  of  course,  be  taken 
in  administering  this,  lest  the  remedy  prove  as  fatal  as  the  injury  for  which  it 
is  administered.  Halford,  of  jMelbournc,  has  used,  in  cases  of  bite  by  the 
"  brown  snake,"  a  very  ^-enomous  kind,  whose  bite  is  nearly  always  fatal,  an 
injection  of  strong  solution  of  ammonia,  diluted  with  twice  its  bulk  of  water, 
into  a  superficial  vein,  such  as  the  radial.  Fifteen  or  thirty  minims  are  thrown 
in,  and  repeated  according  to  circumstances.  The  eflPect  is  described  as  im- 
mediate rousing  of  the  patient  from  his  stupor.  Sir  Joseph  Fayrer,  however, 
finds  that  this  remedy  has  no  power  in  cases  of  cobra-bite,  or  as  an  antidote  to 
the  poison  of  Indian  serpents,  whatever  its  efficacy  may  be  in  counteracting  the 
deadly  effects  of  those  of  the  Australian  species.  As  liquor  potassiB  decom- 
poses the  virus  into  a  sediment  and  supernatant  fluid,  both  of  which  are  in- 
nocuous, it  might  be  supposed  that  it  would  act  as  a  true  antidote ;  but  it  has 
not  been  found  to  do  so  when  injected  into  the  blood  of  bitten  animals. 

Difficulty  with  respect  to  antidotes  for  snake-poisoning  appears  to  exist  as 
much  in  their  application  as  in  their  discovery.  The  venom  of  a  snake  is  at 
once  injected  into  the  blood  of  the  animal  bitten,  is. carried  with  the  circula- 
tion to  the  nervous  centres,  decomposing  the  fluid  that  conveys  it,  so  that  it 
has  the  start  of  any  antidote  that  can  possibly  be  applied  to  prevent  its  direct 
toxic  eifects  on  the  system.  It  is  difficult  to  understand  how  an  antidote 
cx)uld  act  unless  it  were  injected  into  the  veins  simultanaously  with  the  intro- 
duction of  the  snake-poison  into  the  blood.  Unless  a  surgeon  be  at  hand 
prepared  to  do  this  at  the  moment,  as  in  the  case  of  an  animal  bitten  for 
experiment,  the  time  lost  would  probably  render  the  counteraction  of  the 
poison  impossible.  It  is  evident  that  drugs  or  substances  swallowed  with  the 
view  of  acting  as  antidotes  could  not  be  absorbed  from  the  stomach  in  time 
to  be  efficacious. 

There  is  indeed  nothing  to  be  done  but  to  endeavour  to  keep  the  patient 
alive,  by  the  administration  of  stimulants,  until  the  toxic  eifects  of  the  poison 
wear  off. 

BITES  OF   RABID  ANIMALS:  HYDROPHOBIA. 

Bites  of  rabid  animals  give  rise  to  the  disease  so  much  and  so  justly  dreaded, 
but  fortunately  seldom  seen  in  man  in  this  country,  Hydrophobia. 

This  disease  cannot  originate  de  novo  in  man,  but  occurs  in  him  invariably, 
and  in  the  lower  animals  most  commonly,  as  the  result  of  inoculation.  Animals 
of  the  canine  and  feline  species  are  most  subject  to  it ;  especially  the  dog,  the 
wolf,  the  fox,  tlie  jackal,  and  the  cat.  The  horse,  ass,  cow,  or  pig  may  be 
aflfected  witli  it  by  inoculation  from  the  bite  of  a  rabid  animal.  It  has  not,  I 
believe,  been  observed  in  lions  or  tigers,  or  in  the  larger  feline  animals. 
Does  rabies  ever  originate  de  novo  in  animals  ?  Sir  Thomas  Watson  says  not  ; 
most  veterinary  surgeons  arc  of  opinion  that  it  does  not,  but  is  invariably  the 
result  of  inoculation.    If  it  ever  does  arise  spontaneously,  its  causes  are  very 
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obscure.    Bat  it  certainly  appears  to  be  subject  to  epidemic  variations.  In 
some  years  hydrophobia  is  never  heard  of— in  others  it  is  very  rife.  Hydro- 
phobia has  foUowcd  tlie  bite  of  an  animal  that  has  shown  no  signs  of  rabies- 
one  of  those  many  inexplicable  occurrences  in  this  singular  disease.    It  has  been 
attributed  to  the  influence  of  season,  being  most  common  in  the  early  spring  ■ 
months  ;  thus  Eckel  found  it  most  common  in  dogs  in  February  and  May.  . 
Want  of  water,  sudden  changes  from  heat  to  cold,  bad  food,  and  unsatisfied  . 
sexual  desire,  have  also  each  been  assigned  as  the  cause  of  its  occurrence  in 
animals.    When  we  inquire  into  the  operation  of  these  alleged  causes,  we 
fail  to  discover  any  direct  and  positive  connection  between  any  one  of  them  and  ; 
rabies.    AYith  regard  to  the  influence  of  heat  and  want  of  water,  it  would  . 
appear  that  in  those  countries  in  which  animals  of  the  canine  and  feline  races  ■ 
are  most  exposed  to  these  conditions,  hydrophobia  is  unknown.    Thus  Mr. 
Donovan,  who  has  resided  and  travelled  for  many  years  in  Central  Africa,  , 
informs  me  that,  in  the  deserts  of  that  country,  where  water  is  so  scarce  that 
man  and  beast  often  die  of  thirst,  lions  are  always  to  be  found  and  are 
occasionally  seen  going  about  in  families,  whilst  hyasnas,  jackals,  and  wild  dogs  ■ 
are  most  numerous,  and  yet  hydrophobia  is  unknown.    Barrow,  a  scientific 
and  observant  traveller,  makes  a  similar  statement,  viz.,  that  hydrophobia 
cannot  proceed  from  thirst  and  heat,  as  it  is  unknown  in  Egyi^t,  the  West 
India  Islands,  and  some  other  tropical  parts.    The  theory  of  hydrophobia 
arising  from  ungratified  sexual  desire  appears  to  l)e  equally  untenable.    It  is  ^ 
not  uncommon  in  Africa,  Mr.  Donovan  says,  for  wolves,  jackals,  and  wild  dogs  - 
to  prowl  about  mad  with  heat ;  and  in  this  state  they  are  most  dangerous,  so 
much  so  that  domesticated  dogs  instinctively  shun  them,  but  there  is  no 
evidence  of  their  ever  having  communicated  hydrophobia.    Having  been  told 
that  no  bitches  Avere  allowed  in  Sark,  I  wrote  to  Dr.  Cockridgc  of  that  Island 
to  inquire  if  this  were  the  fact,  and  if  so,  whether  hydrophobia  were  preva-  • 
lent  there.    He  informed  me  that  there  were  no  bitches  in  the  island,  and: 
that  dogs  were  very  numerous,  but  that  no  case  of  hydrophobia  had,  to  his  - 
knowledge,  ever  occurred  there,  and  that  the  clergyman,  who  had  had  thirty 
years'  experience  of  the  island,  had  never  heard  of  a  case  of  that  disease. 
Dogs  more  frequently  become  rabid  than  bitches  ;  thus,  of  a  hundred  and 
forty-one  cases  collected  by  Eckel,  only  fifteen  occurred  in  bitches  ;  and 
amongst  dogs  it  is  most  common  iu  those  of  a  mongrel  breed,  seldom  afi'ectiug . 
those  that  are  of  pure  blood,  or  that  have  been  castrated. 

In  man,  hydrophobia  occurs  either  from  the  l)ite  of  a  dog  known  to  be  rabid, 
or  from  a  raw  surface,  as  a  crack  in  the  lip.  being  licked  by  an  animal  ill  of 
the  rabies,  but  in  whom  the  characteristic  symptoms  have  not  developed  them- 
selves. But  it  is  important  to  know  that  the  bite  of  a  rabid  animal  is  by  no 
means  certain  to  occasion  hydrophobia ;  in  fact,  the  vast  majority  of  peopli' 
who  are  bitten  by  animals  in  a  state  of  rabies  do  not  take  the  disease.  Thus 
Hunter  and  Vaughan  (Halford)  state  that  only  one  out  of  twenty  or  thirtv 
who  are  bitten  by  rabid  dogs  becomes  hydrophobic.  But  the  bite  of  a  rabid 
wolf  is  far  more  dangerous  than  that  of  a  mad  dog.  Watson  states  that  of 
114  persons  bitten  by  rabid  wolves,  C7  died  of  hydrophobia.  The  bite  of  a 
rabid  cat  is  also  more  dangerous  than  that  of  a  dog.  The  fact  is  that  the  dosi; 
usually  bites  at  the  legs,  and  thus  when  he  inflicts  a  wound,  it  is  througli 
clothing,  by  which  his  teeth  are  wiped  and  the  saliva  arrested,  and  thus  the 
wound  escapes  inoculation.    Wolves  and  cats,  on  the  other  hand,  always  fly 
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at  naked  parts  of  the  body,  as  the  face  or  throat ;  hence  the  greater  danger  of 
their  bites.  There  is  this  important  difference  between  the  poisonous  im- 
pregnation of  the  wound  by  the  bite  of  a  rabid  dog  and  of  a  snake.  In  the 
case  of  the  dog  the  poison  is  only  adherent  to  the  tooth,  and  hence,  if  this  be 
wiped  in  its  passage  through  clothing,  the  bite  is  rendered  innocuous.  In  the 
case  of  the  snake,  the  poison  is  projected  through  the  liollow  fang,  and  hence, 
wherever  that  enters,  however  cleanly  its  exterior  may  be  wiped,  this  drop  of 
poison  is  injected  into  the  parts  at  the  extreme  point  of  penetration.  A  snake 
that  bites  through  a  gaiter  or  glove,  would,  therefore,  inflict  as  deadly  a  wound 
as  if  the  unprotected  foot  or  hand  were  struck  by  the  fang  ;  whereas  the  tooth 
of  the  rabid  dog  would  be  wiped,  and  the  bite  be  harmless.  But  making  all 
allowance  for  the  mechanical  action  of  clothing  in  preventing  inoculation  of 
the  part  bitten,  there  is,  I  think,  good  reason  to  believe  that  there  is  a  great 
difference  in  the  susceptibility  of  different  individuals  to  the  poison  of  rabies. 
For  it  is  an  undoubted  fact  that  veterinarv  Surgeons  and  others  have  often 
been  bitten  on  an  uncovered  hand  by  rabid  dogs,  and  yet  have  escaped  the 
disease.  EUiotson  mentions  the  cases  of  two  sisters  who  were  both  bitten 
in  the  face  by  the  same  rabid  dog ;  the  first  escaped — the  second  died  of 
hydrophobia.  White,  of  Brighton,  disbelieving  in  the  contagion  of  the 
disease,  inoculated  himself  with  the  saliva  of  a  rabid  dog  with  impunity. 

It  is  not  only  the  saliva  and  mucus  of  the  mouth  that  is  infective. 
Pasteur  has  shown  that  the  blood  and  the  substance  of  organs,  as  of  the  brain 
and  medulla  oblongata,  when  inoculated  produce  the  disease. 

Rabies  differs  from  most  other  specific  diseases  in  the  length  of  time  that 
the  poison  may  lie  dormant  without  giving  rise  to  any  symptoms.  This 
period  is  very  variously  estimated  by  different  writers.  It  is  now  generally 
believed  to  extend  only  to  a  few  weeks.  EUiotson  says  that  the  average  time 
that  elapses  between  the  injury  and  the  symptoms  is  from  six  weeks  to  three 
months.  In  the  case  of  the  Duke  of  Eichmond,  who  was  bitten  whilst 
separating  a  tame  fox  and  a  dog  that  were  quarrelling,  (it  is  doubtful  by  which 
I  animal  the  bite  was  inflicted)  the  disease  did  not  develop  itself  until  between 
six  and  seven  weeks  after  the  injury.  Meade  has  related  the  case  of  a  lady 
who  had  the  disease  fifteen  months  after  the  bite  ;  and  Mayer  of  St,  Peters- 
burg that  of  a  young  man  who  died  of  hydrophobia  twenty-six  months  after 
being  bitten  ;  Sir  Thomas  Watson  adduces  evidence  that  the  poison  may  lie 
dormant  for  years.  AVriters,  however,  who  state  that  six,  seven,  twelve,  and 
even  fifteen  years  have  intervened  between  the  infliction  of  the  wound  and 

;the  manifestation  of  the  symptoms,  have  evidently  connnitted  an  exaggeration 
or  fallen  into  error,  having  probably  confounded  with  hydrophobia  other 

;  nervous  affections  that  closely  resemble  it.  In  this  long  and  uncertain  period 
of  incubation  the  disease  bears  some  resemblance  to  syphilis,  which  may 
occasionally  give  rise  to  no  definite  symptoms,  either  local  or  general,  till  six 

i  weeks  after  inoculation. 

Sympto^is  in  the  Dog, — The  Surgeon  is  sometimes  asked  to  give  an 

I  opinion  as  to  the  condition  of  a  dog  that  has  bitten  a  person,  and  which  is 

j  suspected  of  being  mad.    The  following  description  of  the  symptoms  of 

I  Rabies  in  the  Dog,  by  Dr,  Burden  Sanderson,  will  aid  him  in  coming  to  a 

I  conclusion  on  these  points. 

"  The  premonitory  indications  of  rabies  in  a  dog  are  derived  almost  entirely 

|i  I'rom  the  observation  of  changes  in  its  demeanour ;  consequently,  although 
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they  may  be  too  trifling  to  be  noticed  by  a  casual  observer,  they  are  fortunately 
sufficiently  striking-  to  arrest  the  attention  of  any  one  who  is  about  a  dog,  and 
is  familiar  with  its  habits  and  individual  peculiarities. 

"A  dog  about  to  become  rabid  loses  its  natural  liveliness.  It  mopes  about 
as  if  preoccupied  or  apprehensive,  and  seeks  to  withdraw  into  dark  corners. 
From  the  first  there  is  usually  a  foreshadowing  of  that  most  constant  symptom 
of  the  disease — depraved  appetite.  Mad  dogs  devour  not  only  filth  and 
rubbish  of  every  kind  with  avidity,  but  even  their  own  excrement — often  im- 
mediately after  it  has  been  passed.  Indications  of  this  tendency  appear  early, 
and  are  more  than  suspicious. 

"  Along  with  this  peculiarity  of  behaviour  it  is  of  equal  importance  to  notice 
that  an  infected  dog,  from  the  first,  snaps  at  other  dogs  without  provocation. 
This  snappishness  in  most  dogs  is  very  striking.  If  a  dog  previously  known 
to  have  no  such  habit,  snaps  indiscriminately  at  the  first  dog  it  meets  in  the 
yard  or  in  the  street,  it  is  probably  not  safe. 

"  So  far  I  have  had  in  mind  chiefly  what  is  to  be  observed  in  dogs  tied  up  or 
at  home.  A  dog  which  is  at  large  is  also  to  be  recognized  as  in  a  dangerous 
state  by  its  demeanom\  A  healthy  dog  in  its  progress  along  a  street  or  else-  •  ( 
where  shows  at  every  step  that  its  attention  is  awake  to  the  sights  and  sounds  «j 
which  it  encounters.  The  rabid  dog,  on  the  contrary,  goes  sullenly  and  un-  • 
observantly  for^vards,  and  is  not  diverted  by  objects  obviously  likely  to  attract  : 
it.  This  statement,  however,  is  subject  to  the  important  exception  already  ■ 
referred  to,  that  it  is  excited  both  by  the  sight  and  sound  of  an  animal  of  its  - 
own  species.  j 

"  Of  the  symptoms  which  accompany  the  final  stage  of  the  disease,  the  most  • ' 
important  and  characteristic  are  those  which  relate  to  the  organs  in  which  it 
localizes  itself— the  mouth  and  throat.  Attention  is  often  drawn  to  the  con- 
dition of  the  mouth  in  an  animal  su]iposed  to  be  healthy,  by  the  observation 
that  it  tries  to  scratch  the  corners  of  its  mouth,  as  if  attempting  to  get  rid  of 
the  ropy  nuicus  which  is  seen  to  be  discharged  from  it.  In  dogs  that  are  tied 
up,  it  is  noticeable  that  the  bark  has  entirely  lost  its  ring,  and  acquires  a 
peculiar  hoai-seness,  which  can  be  recognized  even  by  the  most  unobservant.  ' 
As  the  disease  progresses  the  discharge  increases,  the  lower  jaw  hangs  as  if 
paralysed,  and  the  animal  has  evident  difficulty  in  swallowmg.  Along  with 
this  there  is  often  loss  of  power  in  the  hind  limbs.  If  now  the  dog  be  watched, 
the  peculiarities  of  behaviour  Avhich  have  been  already  noticed  are  seen  t" 
present  themselves  in  a  much  more  marked  degree  than  before.  It  is  observed, 
first,  that  it  is  subject  to  paroxysms  of  excitement,  in  which  it  makes  often- 
repeated  efforts  to  bite  or  gnaw  all  objects  {such  as  woodwork,  straw,  &c.  i 
within  its  reach,  while  at  the  same  time  it  continues  to  exhibit  the  tendencv 
already  mentioned  to  devour  its  own  excrement  ;  and,  secondly,  even  during 
the  remissions,  its  excitement  is  at  once  renev^-ed  by  the  sight  or  sound  oi' 
another  dog. 

"  It  may  be  well  to  note  that  the  disease  occurs  at  all  seasons,  that  the  mad 
dog  continues  to  recognize  its  master  and  to  manifest  pleasure  when  kindly 
spoken  to,  that  it  does  not  shun  water,  and  that  in  many  cases  fi-om  first  io 
last  that  wild  fury  which  is  commonly  supposed  to  belong  to  the  disease,  is 
conspicuously  absent." 

Symptoms  in  Man.— The  woimd  has  generally  cicatrized  long  before  auv 
symptoms  of  hydrophobia  declare  themselves  ;  and  no  peculiar  appearance  is 
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presented  by  the  scar.  Shooting  pains,  twitching-  and  itching  sensations  have, 
however,  occasionally  been  experienced  in  the  site  of  the  Avound  before  the 
super^'cntion  of  the  attack. 

The  symptoms  are  nsnally  nshercd  in  for  two  or  three  days  (according  to 
Perry  for  five  or  six)  by  some  antecedent  phenomena,  consisting  of  giddiness, 
chills  and  heats,  and  a  general  feeling  of  discomfort.  In  gome  cases  vesicles 
mider  the  tongue  have  been  observed.  The  more  special  symptoms  never 
manifest  themselves  until  the  disease  is  fairly  estabhshed  ;  they  consist  essen- 
tially in  violent  and  repeated  convulsive  movements  of  a  reflex  character, 
induced  by  various  external  influences  acting  on  the  surface  of  the  body  or  on 
the  fauces,  or  by  mental  impressions  ;  and  they  speedily  end  in  exliaustion  and 
death. 

The  special  symptoms  are  referable  to  an  excessive  irritability  of  the 
medulla  and  upper  part  of  the  cord,  in  consequence  of  which  the  slightest 
afferent  impulse  causes  a  wide-spreading  and  violent  reflex  spasm  of  the 
muscles  of  deglutition  and  respiration,  and  of  those  of  the  neck  and  sometimes 
of  the  jaw  and  tongue.  At  the  same  time  there  is  considerable  mental  dis- 
turbance, chiefly  assuming  the  form  of  excessive  terror  and  agitation. 

The  Excessive  Irritability  of  the  Medulla  and  upper  part  of  the 
Spinal  Cord  is  shown  first  by  the  very  slight  nature  of  the  afferent  impulses 
which  are  sufficient  to  cause  a  reflex  spasm.  A  blast  of  cold  air,  the  rustling  of 
the  bed-clothes,  the  slightest  touch  of  or  movement  on  the  skin,  will  bring  on 
convulsions.  As  the  disease  advances,  stimulation  of  the  nerves  of  special  sense 
produces  the  same  effect ;  so  that  a  sudden  flash  of  light  before  the  eyes,  as  the 
reflection  of  the  sun  from  a  looking-glass,  or  a  sudden  noise,  as  the  slamming 
of  a  door,  will  produce  a  spasm.  Mental  impressions  even  may  cause  the 
same  result.  The  noise  produced  by  liquids  being  poured  fi'om  one  vessel  to 
another  is  peculiarly  distressing  to  the  patient  ;  and  EUiotson  mentions  a  case 
in  which  a  patient  with  hydrophobia  was  thrown  into  v  iolent  agitation  by 
hearing  the  dresser  who  sat  up  with  him  void  urine.  The  suffei'ings  and  con- 
vulsions that  patients  experience  when  they  attempt  to  drink  are  owing  to  the 
same  cause.  The  normal  reflex  contraction  of  the  muscles  of  deglutition  that 
occurs  in  swallowing  becomes  spasmodic,  and  spreads  widely  to  other  muscles, 
ending  in  a  general  convulsion,  and  the  recollection  of  these  sufferings  makes 
them  afraid  to  repeat  the  attempt ;  hence  the  fear  of  liquids  fi'om  which  the 
disease  derives  its  name. 

In  the  earlier  stages  of  the  disease  the  spasm  affects  chiefly  the  muscles  of 
deglutition  and  respiration  ;  a  catch  in  the  breathing,  resembling  what  often 
occurs  when  a  person  goes  into  a  cold  bath,  is  met  with  as  one  of  the  earliest 
symptoms,  taking  place  in  the  midst  of  conversation,  and  before  the  patient's 
mind  is  directed  to  the  nature  of  the  disease.  This  catch  is  due  to  the 
spasmodic  descent  of  the  diaphragm,  and  gives  ri^e  to  severe  ]")ain  at  the  pit  of 
the  stomach,  or  to  a  feeling  of  suffocation.  In  consequence  of  this  spasm  of 
the  diaphragm,  the  patient  makes  from  time  to  time  a  loud  hiccuping  noise, 
which  has  been  likened  to  the  bark  of  a  dog.  As  the  disease  ndvnnces  the 
spasms  extend  more  widely,  and  increase  in  violence.  The  extraordinary 
muscles  of  respiration  and  those  of  the  neck  and  jaw  are  thrown  into  \nolent 
spasms,  and  the  convulsions  may  extend  even  more  widely.  The  laryngeal 
muscles  also  become  affected,  and  spasm  of  the  glottis  is  not  an  uncommon 
mode  of  death.    Towards  the  end  of  the  case  the  spasms  may  occur  without 
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any  recognizable  external  stimulus,  but  just  before  death  they  may  entirely 
cease. 

Frum  an  early  stage  of  the  case  there  is  an  abundant  viscid  secretion  from 
the  mouth  and  fauces,  which  the  patient  finds  great  difficulty  in  expectorating, 
often  trying  to  pull  it  out  with  the  fingers ;  and  children  may  in  this  way 
scratch  and  tear  the  skin  of  the  lips  and  nose. 

One  of  the  earliest  symptoms,  and  one  of  the  most  persistent,  is  extreme 
Mental  Agitation  and  Terror,  a  vague  sense  of  dread  and  horror  at  the  im- 
13ending  fate.  Spectral  illusions  sometimes  occur,  the  patient  supposing  himself 
to  be  smTounded  by  animals,  by  hor)."id  forms,  or  by  gaping,  ghastly,  and 
grinning  countenances,  by  flies  or  wasps.  The  first  symptom  in  the  Duke  of 
liiclimond's  case  was,  that  he  fancied  some  poplar-trees  opposite  his  bedroom- 
window  to  be  men  looking  in.  These  delusions  may  alternate  with  fits  of 
delirium,  terror,  and  frenzy.  In  these  it  is  said  that  the  patient  barks  like  a 
dog,  and  endeavours  to  bite  ;  but  this  is  a  popular  error— the  pretended  bark 
is  merely  the  catch  in  breathing,  and  the  attempt  to  bite  is  nothing  but  move- 
ments of  the  tongue  and  mouth  induced  by  the  viscid  and  ropy  saliva. 

The  temperature  is  not  usually  very  high,  not  much  over  100°  F.  Albumen 
and  sugar  have  been  found  in  the  urine  by  F.  A.  Southam,  the  sugar  doubt- 
less depending  on  irritation  of  the  medulla  oblongata. 

Duration  and  Termination. — The  disease  may  prove  fatal  in  four-and- 
twcnty  hours,  or  life  may  be  prolonged  for  six  or  seven  days  ;  death  generally 
occurring  from  the  second  to  the  fourth  day,  apparently  fi'om  exhaustion. 

Death  may  occur  in  various  ways,  from  coma,  from  spasm  of  the  glottis  or 
from  exhaustion. 

Occasionally  the  symptoms  subside  completely  before  death  ;  the  increased 
sensibility  of  the  surface  disappearing,  the  mental  agitation  or  delusion  being 
removed,  and  deglutition  and  respiration  being  quietly  performed.  Thus, 
Latham  relates  the  case  of  a  man  labouring  under  this  disease,  who  sat  up 
quietly  in  bed  and  drank  a  pint  of  porter  half  an  hour  before  he  died.  In 
these  cases  the  pulse  gradually  becomes  slower  and  slower,  and  finally  ceases 
to  beat.  This  mode  of  death  is  not  exhaustion,  but  is  due  to  a  destructive 
change  in  the  cardiac  centre  in  the  medulla. 

Prognosis. — I  am  not  acquainted  with  any  case  of  recovery  from  hydro- 
phobia, after  the  disease  has  fairly  set  in.  It  cannot,  however,  be  pronounced 
absolutely  and  inevitably  fatal;  for  Eadcliffe  states  that,  of  109  authentic 
cases,  reco^•ery  took  place  in  14. 

Pathology.— The  appearances  which  are  found  after  death  in  undoubted 
cases  of  hydrophobia  are  such  as  to  harmonize  with  the  symptoms  during  life. 
The  most  definite  and  characteristic  change  is  found  in  the  lower  part  of  the 
medulla,  "  most  intense  in  the  hyiDo-glossal,  glosso-pharyngeal  and  vagal  nuclei 
and  their  neighbourhood."  Gowers  found  the  changes  identical  and  so  clearly 
marked,  that  the  nature  of  the  affection  could  haA  e  been  recognized  from  tin 
post-mortem  appearance  alone  in  seven  out  of  eight  cases  he  examined. 
Nothing  is  visible  to  the  naked  eye,  but  the  microscope  shows  ante-mortem 
clots  in  some  of  the  minute  vessels  and  the  perivascular  spaces  in  the  affected 
region  crowded  with  leucocytes.  In  the  regions  in  which  the  disease  i^^ 
most  advauced,  the  leucocytes  pass  beyond  the  lymphatic  spaces  and  invade 
the  tissues  of  the  meduUa,  sometimes  being  so  closely  packed  as  to  concea' 
the  normal  structures  in  minute  spots.    The  only  change  in  the  nerve 
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elements  is  slight  granular  degeneration.  The  appearances  are,  in  short, 
merely  those  of  inflammation  of  the  affected  region.  These  appearances  were 
very  marked  in  a  case  which  occurred  under  my  care  in  University  College 
Hospital  in  1871.  Bencdikt,  and  others,  have  found  identical  changes  in 
the  dog.  Taking  the  post-mortem  appearances  and  the  symptoms  together, 
it  would  seem  probable  that  the  essential  feature  of  the  disease  is  an  infective 
inflammation,  the  source  of  irritation  coming  from  within  the  vessels.  The 
first  sign  of  damage  to  the  nerve-elements  is  their  loss  of  resistance,  and  the 
occuiTence  of  violent  and  irregular  action  from  slight  causes.  If  the  patient 
does  not  perish  at  an  early  stage  from  exhaustion,  damage  of  the  nervous  tissue 
progTCSses  till  the  latter  comes  to  respond  more  feebly  than  natural  to  the 
different  impulses  it  receives  ;  this  corresponds  to  the  period  of  calm  before 
death  that  so  frequently  occurs.  Finally,  it  becomes  incapable  of  performing 
its  functions,  and  the  heart  ceases  to  beat.  Coats  states  that  he  has  found  in 
addition  to  the  congestion  of  the  fauces  always  met  with,  actual  infiltration  of 
the  salivary  glands  with  leucocytes.  Beyond  these  no  definite  appearances  are 
met  with.  What  the  nature  of  the  poison  is,  and  why  it  should  lie  so  long  latent 
and  finally  attack  a  limited  portion  of  the  central  nervous  system,  are  questions 
which  it  is  at  present  beyond  our  power  to  answer.  That  the  poison  inoculated 
locally  multiplies  in  the  system  and  infects  the  whole  body  can  scarcely  be 
doubted,  as  experiments  have  shown  that  the  disease  can  be  communicated 
from  man  to  dogs  by  the  blood.  Hydrophobia,  therefore,  most  nearly  resembles 
an  acute  specific  disease,  the  period  of  incubation  being  however  longer  than 
iu  any  other  known  infective  process.  The  fact  of  its  being  communicable 
solely  by  inoculation,  would  not  exclude  it  from  that  class  of  affections. 
Hydrophobia  is  not  in  reality  more  extraordinary  than  such  a  disease  as 
mumps,  in  which  a  period  of  perfect  health,  lasting  for  three  weeks,  intervenes 
between  infection  and  the  appearance  of  a  local  acute  inflammation  attacking 
the  parotid  gland.  The  nature  of  the  poison  has  not  yet  been  ascertained. 
The  efforts  to  discover  a  specific  microscopic  organism  in  the  saliva  and  blood 
of  rabid  animals  cannot  as  yet  be  said  to  have  been  successful. 

Treatment. — This  must  be  ])r\\wv^i\\\j  preventive  iind paUiaiive.  We  can- 
not speak  of  curative  treatment  of  hydrophobia ;  for,  after  the  disease  has  once 
set  in,  the  utmost  that  can  be  done  will  not  accomplish  more  than  to  lessen  the 
patient's  sufferings,  and  stay  for  a  few  hours  the  almost  inevitably  fatal 
termination. 

When  a  person  is  bitten  by  a  rabid  dog,  or  even  by  one  that  is  reasonably 
supposed  to  be  so,  the  Surgeon  should  always  adopt  energetic  means  to  save 
the  patient  from  the  invasion  of  so  fatal  a  disease.  In  having  recourse 
to  preventive  treatment,  it  should  be  borne  in  mind  that  the  larger  pro- 
portion of  persons  actually  bitten  by  rabid  animals  do  Jiot  fall  victims  to 
hydrophobia  ;  the  probability  of  the  occurrence  of  the  disease  depending  partly 
upon  the  animal  that  bites,  and  partly  upon  whether  the  bite  is  inflicted  on  the 
naked  or  on  the  clothed  part  of  the  body,  and  possibly  also  on  individual  sus- 
ceptibility to  the  disease,  as  has  already  been  stated.  It  is  in  consequence  of 
this  small  proportion  of  persons  taking  the  disease  out  of  the  total  number 
bitten,  that  so  many  popular  remedies  and  superstitions  have  obtained  an  un- 
merited reputation  for  pre^'enting  the  disease. 

As  soon  as  possible  after  the  bite  has  been  inflicted,  a  string  or  bandage  of 
some  kind  should  if  possible  be  applied  on  the  proximal  side  of  the  wound,  so 
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us  to  arrest  the  circulation.  Suction  is  commonly  recommended,  and  would 
be  almost  instinctively  practised ;  but  it  is  not  altogether  devoid  of  danger, 
as  there  is  reason  to  believe  that  inoculation  may  take  place  through  the 
mucous  membrane  of  the  mouth,  and  would  certainly  occur  if  there  were  any 
crack  or  abrasion.  The  only  preventive  means  that  can  be  trusted  by  a 
Surgeoji,  are  excision  and  caustic. 

Excision  of  the  part  bitten  should  be  carefully  and  freely  performed,  no  half 
measures  being  had  recourse  to.  Hence  it  is  better  to  remove  too  much  of  a 
comparatively  unimportant  tissue  or  part,  than  to  allow  tlie  sufferer  to  run  any 
risk  of  falling  a  victim  to  the  fatal  disease.  In  order  to  excise  every  part  that 
has  been  touched  by  the  tooth,  the  Surgeon,  after  washing  the  wound  and  con- 
tiguous surface  with  strong  carbolic-acid-lotion,  should  make  a  circle  with  ink, 
or  tincture  of  iodine,  completely  round  the  injured  part.  He  must  then  pass 
a  probe  to  the  bottom  of  the  wound,  and  excise  the  whole  by  scooping  out  a 
conical  piece  of  the  tissues,  taking  care  to  go  beyond  the  furthest  limit  to  which 
the  probe  is  passed.  If  there  be  any  doubt  of  the  removal  of  the  whole  of  the 
injured  parts,  potassa  fusa  should  be  applied.  If  the  lip  be  bitten  through,  a 
portion  should  be  cut  out,  and  the  wound  brought  together,  as  in  hare-lip 
operations  ;  if  a  finger  be  injured,  it  should  be  amputated.  When  the  wound 
is  so  situated  that  excision  cannot  readily  l)e  performed,  potassa  fusa,  or  strong 
nitric  acid,  or  nitrate  of  silver,  as  recoimnended  by  Youatt,  should  be  freely 
applied  to  every  corner  of  it.  Of  these  various  caustics  nitric  acid  is,  the  best, 
as  it  penetrates  most  easily  into  aU  the  Grannies  of  the  wound.  If  the  wound 
have  ah'eady  cicatrized,  the  bitten  part  should  be  excised  at  any  time  after  the 
injury,  provided  the  dog  is  known  to  have  been  mad,  or  to  have  become  so 
afterwards  ;  for  it  is  not  impossible  that,  in  the  cases  in  which  the  disease  has 
occurred  at  a  remote  period,  it  has  been  dependent  upon,  or  connected  with, 
some  peculiar  action  set  up  in  the  wound,  which  might  possibly  be  averted  by 
the  removal  of  the  cicatrix. 

I  forbear  to  speak  of  any  other  means  of  constitutional  preventive  treatment, 
as  I  consider  them  utterly  undeserving  of  confidence. 

After  the  disease  has  once  set  in,  nothing  can  be  done  but  to  paUiafe 
symptoms  and  to  prolong  life.  Every  possible  remedy  that  the  ingenuity  of 
man  could  devise,  from  warm  water  to  viper-  and  ticuna-poison,  has  been 
tried,  and  been  found  utterly  useless. 

But,  although  no  treatment  hitherto  tried  lias  been  successful  in  cui'ing, 
much  may  be  done  to  mitigate  the  sufferings  induced  by  this  horrible  disease. 
"With  this  view,  all  source  of  external  irritation,  whether  physical  or  mental, 
should  be  removed.  The  patient  should  be  placed  in  a  darkened  and  noise- 
less room,  and  not  subjected  to  the  intrusive  curiosity  of  strangers  ;  and  the 
bed  should  be  surrounded  by  gauze  curtains  or  screens,  so  as  to  prevent  the 
disturbing  influence  even  of  a  draught  of  cold  air  blowing  on  the  surface. 
Chloroform  may  be  administered  by  inhalation,  or  chloral  injected  subcu- 
taneoasly  in  10  to  15  grains  doses  every  second  or  third  hour,  in  order  to  calm 
the  violence  of  the  spasms  and  to  procure  sleep,  but  care  must  be  taken  not  to 
push  it  too  far  lest  coma  result. 

The  hot  air  or  vapour  bath  often  affords  great  temporary  relief,  and 
diminishes  in  a  marked  manner  the  violence  of  the  spasms. 

The  subcutaneous  injection  of  curare  has  been  strongly  recommended  by 
some,  and  doubtful  cases  of  cure  by  its  means  reported.    The  dose  is  from  the 
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^t\\  to  ith  of  a  grain  every  third  hour.  This  powerful  drug-  undoubtedly  para- 
lyzes the  vohmtary  muscles,  and  may  thus  arrest  the  spasms.  But  its  use  is 
attended  by  a  special  danger — ^  iz.,  that  of  paralyzing  the  muscles  of  respira- 
tion, and  thus  asphyxiating  the  patient ;  and,  indeed,  by  it,  and  by  similar 
means,  we  but  treat  a  symptom,  and  do  not  attack  the  real  disease.  Still, 
the  mitigation  of  so  painful  a  symptom  as  repeated  spasms  is  a  great  comfort 
to  the  i)atient,  and  smooths  the  way  to  the  grave — hence  the  use  of  it,  and  of 
other  sedatives  is  justifiable.  Tracheotomy  has  been  i-ecommended  by  some  in 
order  to  avert  death  by  spasm  of  the  glottis.  But  what  possible  good  can 
result  from  preventing  death  by  this  cause  when  it  is  impending  from  another  ? 
What  advantage  can  there  be  in  submitting  a  patient  to  tracheotomy  when  he 
is  about  to  die  from  coma  or  exhaustion  ?  i^astly,  the  Surgeon  must  bear 
in  mind  that  he  has  to  treat  an  exhausting  disease,  and  that  he  must  conse- 
quently support  the  patient  by  wine,  beef-tea,  and  such  nourislunent  as  can  be 
taken. 

MALIGNANT  PUSTULE. 

Malignant  pustule  or  charbon  is  the  name  commonly  given  to  the  affection 
produced  by  the  inoculation,  on  the  cutaneous  surface  in  man,  of  the  virus  of 
the  disease  of  cattle  known  as  splenic  fever,  anthrax,  or  the  quarter-evil. 
Splenic  fever  is  fortunately  rare  amongst  animals  in  this  country,  while  in 
France  and  some  parts  of  Germany  it  occurs  with  considerable  frequency 
amongst  horned  cattle,  horses,  and  sheep.  Malignant  pustule  is  consequently 
also  rare,  being  met  with  chiefly  amongst  workers  in  foreign  hides  or  wools  ; 
on  the  Continent  it  is  common  also  amongst  butchers.  The  virus  has  now 
been  clearly  pro^■ed  to  be  a  large,  easily  recognizable  microscopic  organism, 
the  bacillus  anthracis.  It  may  find  entrance  into  the  body  in  the  form  of  dust 
by  the  lungs  or  intestines,  and  then  gives  rise  to  a  general  disease  running  a 
rapid  and  fatal  course  without  the  formation  of  an  external  centre  of  inflamma- 
tion. This  aifection  which  is  known  as  "  woolsorter's  disease  "  has  lately 
been  brought  prominently  into  notice  by  the  occurrence  of  several  fatal  cases 
at  Bradford  amongst  workmen  engaged  in  sorting  Persian  and  Bokharau 
wools.  Malignant  pustule  assumes  an  importance  quite  out  of  proportion  to 
the  frequency  of  its  occurrence  ;  first,  because  of  the  necessity  of  recognizing 
it  early  for  its  successful  treatment ;  and  secondly,  because  it  forms  a  type 
of  a  true  infective  process,  both  local  and  general,  and  its  exact  pathology  is 
better  understood  than  that  of  almost  any  other  similar  disease. 

Symptoms. — The  first  symptom  of  malignant  pustule  is  the  formation  of  a 
small  angry  red  pimple  on  some  exposed  part  of  the  body — either  the  face, 
hands,  or  arms.  The  patient  may  be  conscious  of  having  scratched  or  pricked 
himself  at  the  point  at  which  the  pimple  ajipears,  or  he  may  rightly  or  wrongly 
attribute  it  to  the  bite  or  sting  of  an  insect.  The  pimple  is  accompanied  by 
intense  itching,  and  after  some  hours  a  vesicle  forms  on  its  summit,  wdiich  is 
burst  by  the  patient's  scratching  it.  There  now  forms  a  distinct  indurated 
patch,  which  rapidly  extends  ;  at  first  it  is  grey  in  colour,  but  by  the  end  of 
the  second  day  the  central  part  is  black.  The  skin  in  the  neighbourhood 
becomes  red  and  swollen,  and  round  the  edge  of  the  black  patch  a  ring  of 
vesicles  is  formed.  The  individual  vesicles  are  about  the  size  of  mustard 
seeds.  There  now  follows  considerable  swelling  of  the  surrounding  parts  with 
enlargement  of  the  neighbouring  lymphatic  glands,  and  if  the  pustule  is  seated 
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on  the  ami,  red  lines  may  rnn  up  towards  the  axilla.  The  rate  of  progress 
varies  considerably,  but  by  the  fifth  or  sixth  day  the  black  eschar  may  reach 
the  size  of  a  florin,  and  the  surrounding  swelling  may  affect  the  whole  side  of 
the  face  or  the  greater  part  of  the  arm.  Beyond  the  itching  there  is  but 
httle  pain.  The  constitutional  symptoms  are  not  severe  at  first,  but  by  the 
fourth  or  fifth  day  the  temi)crature  rises  to  101°  or  102°,  the  pulse  becomes 
quick  and  irregular,  the  tongue  dry,  and  the  patient  suft'ers  from  headache,  and 
a  feeling  of  general  severe  illness.  There  may  be  dyspnoea  or  fainting, 
diarrhoea  and  occasionally  delirium.  If  no  treatment  be  adopted,  the  case 
most  fi'equently  terminates  fatally  mider  a  week  from  its  commencement. 
The  whole  process  may,  however,  remain  local  and  cease  by  itself,  the  recbiess 
subsiding,  the  slough  separating,  a/id  the  resulting  granulating  sore  healing 
with  considerable  disfigurement.  This  favourable  termination  is,  however, 
of  great  rarity. 

In  some  exceptional  cavses,  the  result  of  the  inoculation  may  be  a  widely 
diflPused  oedema  without  the  formation  of  a  distinct  localized  inflammation. 
This  form  is  rapidly  fatal.  If  the  patient  survive  beyond  three  or  four  days 
eschars  and  pustules  may  form  in  the  swollen  part.  This  form  has  been  de- 
scribed by  the  French  writers  under  the  name  of  "  maHg)2ant  cedeina.'''' 

The  internal  form — "  ivoolsor tors'  disease,''''  or,  as  it  has  been  called,  antlira- 
cmnia — belongs  rather  to  the  Physician  than  to  the  Surgeon.  The  disease 
begins  with  a  great  sense  of  illness — sometimes  A\ith  a  rigor — vomiting,  and 
headache,  followed  by  high  fever,  marked  dyspnoea,  and  cold  extremities  ; 
usually  fatal  collapse  rapidly  ensues.  The  disease  may  assume  a  pulmonary 
form,  in  which  the  symptoms  resemble  acute  pneumonia  or  bronchitis  ;  or  an 
intestinal  form,  in  which  vomiting  and  purging  are  marked  features.  Tlie 
whole  illness  may  last  under  two  days,  or  may  be  prolonged  to  four  or  five. 
Woolsorters'  disease  is  extremely  fatal. 

The  diagnosis  of  malignant  pustule  is  not  difficult  when  the  characteristic 
features  are  well  developed.  The  black  eschar,  surrounded  by  vesicles,  around 
which  again  is  a  bright  red  zone,  and  the  wide-spreading  oedema  are  character- 
istic. If  there  is  any  doubt,  microscopic  examination  of  the  blood  or  in- 
flammatory exudation  will  clear  up  the  doubt. 

Pathology. — After  death  from  malignant  pustule,  the  body  presents  the 
appearances  usually  met  with  in  cases  of  mahgnant  blood-poisoning.  Rigor- 
mortis  is  of  short  duration  and  feebly  marked,  there  being  frequently  early 
decomposition  and  marked  post-mortem  staining  of  the  tissues.  The  blood  is 
dark  in  colour,  and  imperfectly  coagulated,  and  minute  petechiye  and  ex-, 
travasations  of  blood  are  found  beneath  the  serous  and  mucous  membranes 
throughout  the  body.  There  is  swelling  of  most  of  the  abdominal  viscera,  but 
the  spleen,  especially  in  the  lower  animals,  shows  the  greatest  change  ;  it  is 
swollen,  black  in  colour,  soft,  and  sometimes  almost  difBuent ;  the  mucous 
membrane  of  the  stomach  and  intestines  is  fi*equently  redder  than  natural, 
and  may  be  marked  by  hemorrhagic  patches.  The  lungs  are  usually  gorgetl 
with  blood,  especially  at  their  bases. 

Locally  it  is  found  that  the  eschar  is  hard  and  dry,  and  penetrates  deep]} 
into  the  suT)cutaneous  tissue,  but  not  beyond.  The  neighbouring  lympliati" 
glands  are  enlarged  and  redder  than  natural. 

Microscopic  examination  of  the  local  affection  of  tlie  blood  and  of  the 
viscera  shows  everywhere  the  presence  of  a  distinct  microscopic  organism  of 
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considcnible  size— the  bacillus  ixnthracis  (Fig.  122).    This  oro-anism  was  dis- 
covered by  PoUender  as  long  ago  as  1849,  but  its  complete  life-history  and 
its  definite  relation  to  splenic  fever  have  been  but  recently  worked  out  by 
Chauvean,  Davaine,  and  Pasteur  in  France,  Koch  in  Germany,  Ewart  and 
Greenfield  in  this  country,  and  a  multitude  of  other  observers.    The  bacillus 
anthracis  is  a  rod-shaped  organism,  varying  in  length  from        to  ^^jVo  of 
an  inch,  and  of  an  average  breadth  of  about  x^J^^.    Thus  in  human  blood 
their  length  may  reach  between  two  and  three  times  the  diameter  of  a  red  cor- 
puscle, and  their  width  to  about  one-quarter  of  its  thickness.    By  cultivating 
it  in  suitable  fluids  out  of  the  body  its  mode  of  growth  can  be  observed.  It 
multiplies  when  growing  actively  by  increasing  in  length  till  it  reaches  a 
certain  size,  and  then  dividing  by  fission  at  or  near  its  middle.    When  grow- 
ing in  this  way  the  filament  remains  homogeneous  in  structure  throughout ;  it 
is  easily  destroyed  by  exposure  to  a  moderate 
degree  of  heat,  by  carbolic  acid,  and  all  other 
chemical  antiseptics.     Under  conditions  less 
favourable   for  this  active  mode  of  growth 
minute  highly  refracting  dots,  which  have  been 
proved  to  be  spores,  are  seen  to  appear  in  the 
protoplasm  of  the  bacillus.     After  this  the 
organism  may  break  up,  leaving  only  the  spores 
recognizable,  surrounded  by  a  little  jelly-like 
material ;  or  the  spores  may  be  quite  free,  or 
still  situated  in  very  short  segments  of  the 
original  rods.  It  has  been  proved  by  experiment 
that  under  proper  conditions  these  spores  grow 
into  the  fully-developed  bacilli,  that  they  are 
really  genuine  germs  of  the  fungus.  From  their 
extremely  small  size  it  is  evident  that  if  dried 
they  could  without  ,difficulty  be  transported 
from  one  place  to  another  as  dust  in  the  air, 
and  it  is,  in  fact,  these  dried  spores  that  serve 
as  the  poison  both  in  malignant  pustule  and 
in  this  country.    The  power  of  resistance  of 
fluences  is  so  great  as  to  render  the  task  of  disinfection  after  splenic  fever 
undoubtedly  difficult.    The  experiments  of  Robert  Koch  have  shown  that 
blood  containing  spores  of  the  bacillus  may  be  dried,  and  allowed  to  even 
putrefy  in  diying,  and  kept  afterwards  for  years  without  losing  its  virulence. 
The  spores  may  be  exposed  to  a  moist  heat  of  212°  F.  for  a  very  short  time, 
or  to  a  dry  heat  for  a  longer  period,  without  injury.    Alcohol,  glycerine, 
watery  solutions  of  carbolic  acid  (1  to  20),  salicylic  acid,  thymol,  and  weak 
solutions  of  permanganate  of  potash,  are  impotent  to  arrest  their  development. 
On  the  other  hand,  freshly  prepared  chlorine-water,  bromine  (2  per  cent, 
solution),  iodine-water,  bichloride  of  mercury  (I  per  cent,  solution  in  water), 
or  permanganate  of  potash  (5  per  cent,  in  water)  destroy  their  vitality  without 
difficulty.    Fortunately,  so  far  as  is  at  present  known,  the  ordinary  bacteria  of 
putrefaction,  and  all  micrococci,  multiply  solely  by  fission,  without  the  forma- 
tion of  spores,  and  consequently  are  destroyed  by  heat  and  chemical  antiseptics 
without  difficulty. 

That  this  organism  is  the  actual  cause  of  the  disease  is  proved  by  the  fact 


12-J. — Bacillus  Anthracis  in  connec- 
tive tissue.  V,  Small  vein,  contain- 
ing haeilli  ;  he,  Caiiillaries,  clioked 
with  bacilli ;  y,  Nuclei  of  cells,  form- 
ing capillary  wall ;  /(',  Nuclei  of  con- 
nective-tissue-corpuscles ;  I,  Small 
amount  of  lymphoiil  tissue. 


woolsorters'  disease  as  seen 
the  spores  to  injurious  in- 
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that  wlien  the  bacillus  is  in  the  spore-beariiig  stage  it  may  be  washed  with 
distilled  water,  alcohol,  and  ether,  and  then  dried,  and  after  all  this,  \\ 
inoculated,  it  is  capable  of  producing  splenic  fever  in  the  animal  experimented 
on.  After  inoculation  it  produces  its  local  eflfects  probably  by  setting  up 
chemical  changes  of  a  fermentative  character  in  the  fluids  of  the  part,  giving 
rise  to  the  production  of  intensely  irritating  products,  which,  by  a  process 
analogous  to  cauterization,  cause  inflammation,  and,  soaking  into  the  surronnd- 
ing  lymph-spaces,  give  rise  to  the  spreading  oedema  and  inflammation  beyond 
the  area  in  which  the  organisms  are  actually  growing.  When  the  bacilli  get 
into  the  blood  and  grow  widely  throughout  the  body,  they  are  supposed  to  act 
partly  by  causing  mechanical  obstruction  of  the  cai)illaries,  and  partly  by 
robbing  "the  blood  of  its  oxygen;  for,  like  all  fungi,  they  absorb  oxygen  and 
excrete  carbonic  acid  dm-ing  their  growth.  This  would  account  for  the  dyspnoea 
and  cyanosis  usually  met  with  before  death  from  malignant  pustule. 

One  more  point  may  be  briefly  noticed.  Pasteur  discovered  the  interesting 
fact  that,  by  cultivating  the  organism  in  a  medium  not  well  suited  to  its 
growth,  the  intensity  of  its  ^'irulent  action  becomes  attenuated,  until  after  a 
few  generations  have  been  thus  grown  a  degree  of  attenuation  is  reached  in 
which  the  effect  produced  by  inoculation,  although  severe,  is  certain  not  to  be 
fatal ;  and  that  after  the  animal  has  suffered  from  the  modified  form  of  the 
disease  it  may  be  inoculated  with  the  unattenuated  virus  Avithout  effect.  The 
analogy  between  this  process  and  vacciuation  has  given  a  peculiar  interest  to 
Pasteur's  observations,  and  numerous  observers  have  repeated  his  experiments 
with  the  result  of  generally  confirming  his  observations.  The  subject  is, 
however,  still  incompletely  worked  out. 

In  malignant  pustule  and  splenic  fever  we  have,  therefoi'e,  a  disease  which 
is  analogous  to  many  conditions  met  with  in  unhealthy  wounds.  There  is  a 
])eculiar  local  inflammation,  the  products  of  which  excite  a  similar  process  in 
the  parts  with  which  they  come  in  contact ;  the  poison  multiplies  in  the  living 
tissues  and  is  communicable  from  one  individual  to  another  by  inoculation, 
or,  under  certain  circumstances,  by  the  air  ;  finally  the  whole  system  becomes 
affected,  and  grave  blood-changes  occur,  which  are  incompatible  with  life. 
The  same  conditions  are  met  with  in  many  forms  of  septic  infection 
(septicemia),  in  some  forms  of  pya3mia,  in  dissection-wounds,  in  spreading 
gangrene,  in  diphtheria,  &c.  ;  and  in  all  these  affections  microscopic 
organisms  of  various  kinds  have  been  seen,  l)oth  in  the  discharges  and 
in  the  blood.  Reasoning  from  analogy  therefore,  one  vrould  be  inclined 
to  assume  that,  as  in  splenic  fever,  so  in  these  diseases,  the  organism  is  the 
immediate  cause  of  the  morbid  process.  In  science,  however,  analogy  cannot 
be  accepted  as  proof  ;  the  most  it  may  be  allowed  to  do  is  to  suggest  a  hypo- 
thesis. The  hypothesis  thus  suggested  has  served  for  some  years  past  as  th( 
guide  in  all  experimental  iiiquiries  in  this  class  of  diseases,  and  to  a  grea; 
extent  also  in  their  treatment,  and  it  may  reasonably  be  hoped  that  befori 
long  definite  proof  of  its  truth  will  be  obtained. 

The  Treatment  of  malignant  pustule  must  be  energetic  and  active  ;  no  hall 
measures  are  likely  to  be  successful.  The  whole  indurated  area  of  the  skin 
should  be  removed  by  the  knife,  and  to  the  raw  surface  thus  left  some  strong 
antiseptic  should  be  applied  ;  perhaps  the  best  would  be  a  strong  solution  of 
iodine,  which  has  been  shown  by  Koch  to  be  capable  of  destroying  even  the 
spores  of  the  bacillus.  ^ 
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In  London,  malignant  pnsfcnle  has  been  most  freqnontly  seen  at  Guy\s 
Hospital,  as  the  chief  part  of  the  iude  trade  is  carried  on  in  the  neig-hbonr- 
hood  of  that  Institution  ;  and  during  the  hist  ten  years  seventeen  cases  have 
come  under  the  care  of  the  Surgeons.  The  trcatnient  by  excision  has  been 
employed  in  fifteen  cases,  and  of  these  all  but  two  recovered.  The  favourite 
application  after  excision  has  been  chloride  of  zinc,  either  in  a  strong  solution 
or  as  a  paste.  Davies-CoUey,  who  reports  these  cases  in  the  Transactions 
of  the  Medico-Chirurgical  Society  for  1882,  states  that  "  it  is  very  important  to 
temember  that,  even  after  the  swelling  has  extended  to  a  considerable  distance, 
and  the  adjacent  glands  have  been  affected,  and  after  well-marked  symptoms 
of  blood-poisoning  have  developed  themselves,  the  patient  may  be  restored  to 
health  by  the  removal  of  the  indurated  area  of  skin  -which  was  primarily 
attacked." 

GLANDERS. 

Glanders  is  a  virulent  disease,  communicable  by  contagion  to  man  from  the 
horse,  ass,  or  mule.  In  spite  of  the  intense  contagiousness  of  the  disease  and 
the  frequency  with  which  it  occurs  among  animals  of  the  equine  race,  it  is 
rarely  met  with  in  man. 

The  poison  of  glanders  gives  rise  to  two  forms  of  disease  in  the  horse,  one 
known  as  glanders  proper  and  the  other  as  farcy. 

Glanders  in  the  Horse  almost  invariably  runs  a  chronic  course.  The 
fii-st  symptom  is  a  thin  Avatery  discharge  fi-om  the  nose,  w'hich,  as  the  disease 
progresses,  becomes  viscid  and  tenacious  ;  lastly  it  becomes  purulent,  oflfen- 
sive,  and  mixed  with  blood.  The  inflammation  extends  through  the  wdiole 
nasal  ca^'ity  and  frontal  sinuses,  and  is  accompanied  by  ulceration.  There  is 
also  marked  swelling  of  the  lymphatic  glands  under  the  jaw.  The  disease 
may  exist  for  some  time  without  seriously  impairing  the  health  of  the  animal, 
but  gradually  loss  of  appetite  and  strength,  emaciation,  and  cough  set  in,  and 
death  takes  place  from  exhaustion.  Before  death  the  disease  always  becomes 
complicated  by  the  second  form  or  farcy. 

Farcy  is  characterized  by  swelling  of  the  lymphatic  glands  in  various 
parts  of  the  body,  especially  on  the  inside  of  the  thighs,  and  under  the 
fore  leg.  The  lymphatic  vessels  leading  to  and  from  the  glands  become 
inflamed,  forming  hard,  tender  cords  with  swellings  opposite  the  valves. 
These  form  the  "corded  veins"  and  "farcy-buds"  of  the  farriers.  The 
swellings  opposite  the  valves  enlarge  and  become  adherent  to  the  skin,  and 
finally  ulcerate,  forming  foul  sores.  The  disease  may  at  any  time  become 
complicated  with  acute  glanders.  Acute  glanders  is  merely  a  great  exaggera- 
tion of  all  the  symptoms  Avith  high  fever,  hurried  respiration,  and  cough. 

The  post-mortem  appearances  of  glanders  in  the  horse  are  a  dark  redness 
and  swelling  of  the  pituitary  membrane,  with  numerous  small  white  elevations 
and  patches,  softening  in  the  centre  so  as  to  form  ulcers.  A  shnilar  condition 
extends  to  the  mucous  membrane  of  the  bronchi.  In  the  lungs  are  numerous 
consolidated  patches,  varying  in  size  from  a  millet-seed  upw^ards,  opaque  yellow 
in  colour,  and  softening  in  the  centre,  sometimes  having  the  appearance  of 
minute  abscesses.  With  these  may  be  patches  of  pneumonia.  Gamgee 
describes  as  occasionally  present  in  the  lungs  large  masses  of  a  bluish  Avhite 
colour  and  lardaceous  appearance,  sometimes  as  big  as  a  hen's  egg.  Sub-serous 
petechias  are  common. 
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Glanders  and  Farcy  in  Man  usually  occur  together  and  run  an  acute 
course,  although  occasionally  they  may  become  chronic.    The  disease  is 
always  conuuuuicated  by  inoculation,  usually  into  a  scratch  or  other  wound ; 
but  cases  have  been  recorded  in  which  it  seemed  to  have  been  communicated 
through  unbroken  mucous  membrane.    The  inoculation  is  followed  by  a 
period  of  incubation,  which  is  said  to  last  a  variable  time  from  two  days  to 
two  weeks.    The  invasion  is  marked  by  fever  and  a  great  sense  of  illness. 
There  may  be  rigors,  vomiting,  and  diarrhoea.    In  some  cases  there  have  been 
such  severe  pains  in  the  limbs  that  the  disease  has  been  mistaken  for  rheuma- 
tism.   The  seat  of  inoculation  becomes  inflamed,  and  the  nearest  lymphatic 
glands  become  enlarged  and  tender.    Inflamed  l}Tnphatic  vessels,  with  hard 
knots  opposite  the  valves,  may  also  be  present.    At  a  period  after  invasion 
varying  from  two  days  to  a  week  or  more,  a  characteristic  enipiion  makes  its 
appearance.    This  consists  at  first  of  red  spots  like  flea-bites,  which  soon 
assume  the  form  of  elevated  yellowish  tubercles  situated  in  the  structure  of 
the  true  skin  or  immediately  beneath  it.    From  their  shot-like  feel  they  may 
at  first  resemble  the  early  stage  of  small-jaox  pustules,  but  they  are  not 
umbilicated  and  are  more  deeply  situated,  as  shown  by  Boyd.    They  soon 
soften,  forming  minute  abscesses  in  the  cutis  vera,  the  contents  of  which  are 
at   first  hasmorrhagic.     They  then  burst,  leaving  small  yello\^-ish  ulcers 
discharging  a  thin  purulent  fluid.    With  these  may  be  also  a  vesicular  erup- 
tion.   There  soon  sets  in  an  offensive  discharge  from  the  nose,  at  first  watery, 
but  afterwards  puriform,  and  the  lymphatic  glands  under  the  jaw  enlarge. 
Finally,  subcutaneous  abscesses  form  in  various  parts,  which  may  be  ac- 
companied by  haemorrhages  into  the  muscles  and  intermuscular  tissue; 
pneumonia  or  pleurisy  may  occur  before  death.    Abscesses  may  be  found 
in  internal  organs,  as  the  liver  or  lungs.    The  final  stages  resemble  pycemia 
in  many  respects.    Throughout  the  case  the  constitutional  symptoms  are  of 
the  gravest  kind.    There  are  great  depression,  high  fever,  delirium,  and  rapid 
emaciation.    In  some  exceptional  cases  the  disease  may  run  a  very  chronic 
course. 

Diagnosis. — The  disease  may  resemble  rheumatism  before  the  eruption 
appears,  but  the  appearance  of  this  soon  clears  up  the  case.  The  eruption,  as 
before  stated,  somewhat  resembles  that  of  small-pox,  but  the  general  symptoms 
of  this  disease  are  wanting.  The  history  of  the  association  of  the  patient 
Avith  glandered  horses  is  an  important  element  in  the  diagnosis. 

Pathology.— The  post-mortem  appearances  are  much  the  same  as  those 

observed  in  the  horse.    There  are  the  usual  signs  of  grave  blood-poisoning  

early  decomposition,  excessive  blood-staining  of  the  vessels  and  tissues,  and 
subserous  petcchiie.  Scattered  points  of  suppuration  are  found  throughout 
the  body,  and  sometimes  extensive  hasmorrhage  into  the  muscles.  The  luno-s 
are  usually  more  or  less  consolidated  from  pneumonia,  and  contain  yellow 
nodules,  softening  in  the  centre,  like  the  so-called  pyjemic  abscesses. 

The  nature  of  the  virus  has  been  the  subject  of  much  discussion.  At  the 
end  of  1882  Schiiltz  and  Loffler,  two  of  the  assistants  in  Koch's  laboratory  in 
Berlin,  discovered  the  presence  of  a  bacillus  of  a  definite  form  in  all  the  parts 
affected  with  the  specific  processes  of  glanders.  This  bacillus  was  cultivated 
for  four  generations  out  of  the  body  in  the  serum  of  horse's  blood  and  finally 
inoculated  on  two  healthy  horses.  Both  animals  speedily  died  with  all  the 
symptoms  of  glanders.    It  seems,  therefore,  that  this  bacillus  is  directly  con- 
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nectcd  with  the  disease  cither  as  the  actual  vims  itself  or  as  an  essential  factor 
in  its  production. 

Duration, — The  disease  proves  fatal  usually  in  a  week  or  fortnight,  but 
may  extend  to  a  month.  It  occasionally  assumes  a  chronic  form  in  the  human 
subject  and  lasts  for  several  months. 

Prognosis. — If  the  disease  assumes  the  acute  form  death  is  almost  certain 
to  follow.  When  it  becomes  more  chronic,  accordini,^  to  Durham,  about  half 
recover. 

Treatment. — Beyond  the  general  treatment  of  supporting  the  patient, 
opening  the  abscesses,  and  freely  using  antiseptics  both  for  the  nose  and  the 
local  sores  elsewhere  little  can  be  done.  Those  who  have  care  of  the  case 
must  protect  their  hands  by  india-rubber  gloves,  if  possible,  while  dressing 
the  sores ;  and  all  dressings  or  rags  which  have  become  soiled  with  the  dis- 
charges must  be  immediately  burned. 

WOUNDS  WITH  INOCULATION  OF  DECOMPOSING  ANIMAL  MATTER,*  AND  THE 
PRODUCT  OF  UNHEALTHY  INFLAMMATIONS. 

The  majority  of  wounds  of  this  character  are  not  dangerous.  Every  student 
of  anatomy  frequently  punctures  and  cuts  himself  in  dissecting,  but  we  rarely 
see  any  ill  eflfects  from  these  injuries.  In  some  cases,  however,  the  most 
serious  results,  terminating  in  permanently  impaired  health,  or  even  in  death, 
ensue.  The  result  depends  quite  as  much  on  the  state  of  health  of  the  person 
injured,  as  on  the  condition  of  the  body  from  which  the  poison  is  received.  If 
the  health  be  broken  by  any  cause,  whether  excess  of  study  or  dissipation,  or 
over-fatigue  in  professional  work,  ^'ery  serious  effects  may  follow,  which  would 
not  occur  if  the  patient  had  the  resisting  power  of  a  sound  and  strong  consti- 
tution. Many  persons  are  peculiarly  liable  to  be  injuriously  affected  by 
exposure  to  septic  influences.  They  suffer  in  various  ways,  as  fi-om  depression 
of  the  nervous  system,  sore  throat,  or  diarrhoea — from  working  in  dissecting  or 
post-mortem  rooms.  The  same  happens  from  exposure  to  the  contaminated 
atmosphere  of  a  crowded  hospital-ward,  and  more  especially  to  the  exhalations 
arising  from  patients  affected  with  phlegmonous  erysipelas,  pyjemia,  gangrene, 
or  other  septic  diseases.  The  susceptibility  is  greatest  in  those  least  fi-equently 
exposed  to  such  infections.  After  a  time  a  student  becomes  acclimatized,  and 
those  who  habitually  work  in  such  atmospheres  seem  to  feel  the  evil  influence 
least.  If,  for  a  time,  the  habit  is  broken,  they  suffer  on  resuming  their  work 
as  much  as  those  exposed  for  the  first  time  to  these  septic  contaminations.  A 
person  so  suffering  in  health  is  rendered  peculiarly  liable  to  local  or  general  in- 
fection on  the  receipt  of  a  dissection-wound. 

Causes. — The  deleterious  influence  exercised  by  the  dead  body,  human  or 
brute,  may  be  attributed  to  three  different  causes  :  1,  the  ordinary  Irritation 
of  the  Wound  ;  2,  Inoculation  of  Putrid  Matter  ;  or,  8,  Introduction  of  a 
Specific  Septic  Virus  into  the  system.  I  think  it  probable  that  each  of  these 
causes  may  exercise  a  distinct  influence  ;  but  the  worst  effects  of  dissection- 
wounds  are  dependent  on  the  inoculation  of  a  peculiar  and  specific  A'irus. 

1.  That  ill  effects  sometimes  result  from  the  simple  Irritation  of  the 
Puncture,  is  evident  fi-om  the  fact  that  mere  scratches  or  punctures  with 
splinters  of  Avood,  or  other  substances  free  from  an  actual  poison,  give  rise  to 


*  See  also  Cliapter  XXXI  —Septicaemia. 
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considerable  local  disturbance  in  certain  states  of  the  constitution ;  so,  also, 
those  operation-  and  dissection-wounds  -which  are  ragged  and  torn,  such  as  are 
made  bj  spicula  of  bone  or  the  teeth  of  a  saw,  are  peculiarly  troublesome. 

2.  Putrid  Animal  Matter  is  always  irritating,  but,  as  has  before  been 
pointed  out,  putrefaction  cannot  attack  living  tissues,  and  the  effect  produced 
is  consequently  limited  to  the  local  irritation  caused  by  the  chemical  products 
of  the  process.  A  small  puncture,  M  hich  if  made  with  a  clean  knife,  would 
heal  by  the  first  intention,  may,  if  exposed  to  the  irritation  of  putrid  animal 
matter,  inflame  and  suppurate,  forming  a  small  ulcer  ;  but,  unless  the  general 
health  be  seriously  impaired,  no  farther  trouble  is  likely  to  occur.  The  worst 
effects  of  dissection-wounds  result  from  those  received  before  putrefaction 
has  set  in,  and  the  most  dangerous  wounds  more  commonly  occur  in  ^wst 
moriem  inspections  made  a  few  hours  after  death.  Dissecting-room  investiga- 
tions on  parts  in  an  advanced  stage  of  decomposition  are  practically  free  from 
danger. 

3.  The  worst  forms  of  'post  mortem  wounds  arise  from  the  inoculation  of  the 
Specific  Virus  of  some  infective  inflammation,  such  as  erysipelas,  pyasmia, 
and  septica3mia,  and  more  especially  fi'om  punctures  received  in  examining  the 
bodies  of  those  who  ha^'e  died  of  diffuse  peritonitis  following  parturition  or 
the  operation  for  hernia.    The  virus  is  contained  in  the  exudation  fluids  from 
the  unhealthy  inflammation,  and  its  nature  has  already  been  alluded  to  when 
discussing  the  causes  of  inflammation.    The  fluids  capable  of  causing  these 
serious  poisoned  wounds  in^-ariably  contain  microscopic  organisms — usually 
micrococci,  occasionally  bacilh  ;  and  the  great  majority  of  pathologists  believe 
them  to  be  either  the  actual  virus,  or  to  be  inseparably  connected  with  its 
production.    The  diminution  of  the  intensity  of  the  poison  when  putrefaction 
sets  in  is  supposed  to  be  due  to  altered  conditions  after  death,  which  are  more 
favourable  to  the  development  of  the  ordinary  bacteria  of  putrefaction  and 
less  favourable  to  the  growth  of  the  specific  organisms  which  consequently 
perish.    However,  it  is  to  be  explained,  the  fact  is  undoubted,  that  the 
greatest  danger  exists  before  putrefaction  sets  in.    A  few  hours  after  death, 
whilst  apparently  still  quite  fresh,  the  body  is  in  the  highest  degree  infective 
and  dangerous  ;  advanced  putrefaction  lessens  the  danger.    Of  all  post-morfm 
poisons,  that  which  is  generated  in  septic  peritonitis,  Avhether  followiug 
parturition  or  operations  involving  the  abdominal  cavity,  is  by  far  the  most 
noxious.    The  acrid  fluid  which  accumulates  in  the  peritoneum  when  that 
structure  is  attacked  by  diffuse  inflammation  of  the  kinds  just  mentioned, 
appears  to  exercise  a  specific  injurious  influence.    I  believe  it  to  be  impossible 
to  immerse  the  hand  in  it  with  impunity  if  there  should  happen  to  be  a 
scratch,  puncture,  or  abraded  surface  of  any  kind  on  it.    Inoculation  would, 
under  such  circumstances,  inevitably  ensue,  followed  by  diffrise  inflammation 
to  a  greater  or  less  extent.    It  is,  however,  by  no  means  necessary  for  jwsf 
mortem  infection,  that  there  be  an  abraded  or  broken  surface  through  which 
the  inoculated  matter  may  be  introduced  into  the  system.    Imbibition  may 
take  place  through  the  unbroken  cuticle  ;  and  not  unfi-equently  it  is  through 
the  medium  of  the  hair-follicles  that  the  septic  poison  enters.    In  the  graphic 
account  given  by  Sir  James  Paget  of  his  own  case,  the  poison  is  stated  to'have 
been  absorbed  through  the  unbroken  cuticle  of  the  hand  immersed  in  pytemic 
effusion  into  the  pleura.    I  have  known  poisoning  through  the  hair-follicles 
of  the  back  of  the  hand  to  happen  to  another  very  distinguished  member  ol' 
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our  profession.  In  other  cases,  again,  infection  appears  to  have  taken  place 
by  absorption  under  the  semihmar  fold  of  skin  at  the  base  of  the  nail.  That 
the  poisonous  influence  from  the  bodies  of  persons  who  have  died  of  septic 
diseases  is  transmissible  to  others  by  contact  or  infection,  cannot  be  denied  ; 
and  accoucheurs  and  operating  Surgeons  should  abstain  as  carefully  as  possible 
from  performing  post  mortem  examinations  on  patients  dying  from  such 
diseases,  lest  the  poison  be  carried  to  and  excite  similar  morbid  processes  in 
their  own  patients.  Much  of  the  septic  disease  that  used  formerly  to  prevail 
in  hospitals  was  engendered  in  this  way,  and  infective  disease  has  often  thus 
been  carried  out  of  hospitals  and  communicated  to  private  patients  by 
Sm'geons  neglecting  hygienic  precautions. 

Symptoms. — From  what  has  been  stated  above,  it  would  appear  that  there 
are  two  distiuct  kinds  of  miscliief  resultiug  from  dissection-wounds.  First, 
the  purely  local  form,  proceeding  from  the  irritation  of  putrid  matter  acting  on 
the  unbroken  skin,  or  on  a  scratch  or  wound,  and,  secondly,  the  true  infective 
form,  spreading  widely  from  the  point  of  inoculation. 

Of  the  purely  local  affections,  the  most  common  is  the  small  pustule  so  often 
met  with  in  the  dissecting  room.  About  twelve  to  twenty-four  hours  after 
inoculation  the  punctured  part  becomes  painful,  hot,  and  throbbing ;  at  the 
end  of  about  forty-eight  hours  a  small  di'op  of  pus  is  seen  raising  the  cuticle. 
If  this  be  punctured,  a  small  superficial  sore  is  seen  beneath,  and  the  pain  is 
at  once  relieved.  If  the  sore  be  now  properly  dressed  it  heals  without  trouble, 
but  if  not,  a  small  scab  forms,  the  pus  accumulates  beneath  it,  the  pain  and 
throbbing  return,  and  are  again  relieved  by  removing  the  scab.  This  may 
be  repeated  several  times.  There  is  neither  glandular  swelling  nor  consti- 
tutional disturbance. 

Suppuration  in  the  hair-follicles  and  the  formation  of  boils  is  an  occasional 
result  of  the  action  of  putrid  fluids  on  the  unbroken  skin  of  the  hands. 

A  somewhat  rare  affection  resulting  from  the  frequent  and  prolonged  contact 
with  putrid  matter  is  the  so-called  dissecti/iff-porter's  wart  or  anatomiml 
tubercle.  It  is  always  seated  on  the  knuckles  or  back  of  the  hand.  It  consists 
of  a  warty  thickening  of  the  skin  w^ithout  ulceration.  The  surface  may  be 
moist,  and  the  discharge  if  allowed  to  dry  may  form  crusts  ;  in  other  cases  it 
may  be  scaly  on  the  surface.  The  enlarged  papillae  are  closely  set,  and  the 
diseased  condition  tends  slowly  to  spread.  In  the  case  of  one  of  the  dissecting 
porters  at  University  College  who  suffered  from  this  affection,  the  patch 
measured  about  one  inch  and  a  half  in  diameter.  It  was  cauterized  without 
much  effect,  and  was  finally  cured  after  many  months'  treatment  by  keeping  it 
constantly  moist,  so  as  to  prevent  the  formation  of  crusts  on  the  surface,  and 
by  the  prolonged  application  of  equal  parts  of  extract  of  belladonna  and 
glycerine. 

The  infective  processes  that  arise  from  dissection- wounds  assume  two  forms. 

In  the  milder  form  the  punctured  part  becomes  painful,  hot,  and  throbbing, 
in  from  twelve  to  twenty-four  hours  after  the  injury ;  the  finger  swells  and  in- 
flames, the  lymphatics  of  the  arm  are  perhaps  aflFccted,  and  the  glands  in  the 
axilla  become  enlarged.  There  is  general  febrile  disturbance,  ushered  in  by 
rigors,  a  feeling  of  depression,  and  often  intense  headache  ;  suppuration 
takes  place  about  the  puncture,  and  also,  perhaps,  in  the  inflamed  glands,  the 
case  presenting  the  ordinary  characters  of  whitlow  with  inflammation  of  the 
lymphatic  vessels  and  glands. 
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Ill  the  more  severe  form  of  dissection-wound,  the  patient  is  seized,  about 
twelve  or  eighteen  hours  after  the  puncture,  with  rigors,  anxiety  of  counte- 
nance, and  depression  of  the  nervous  system  ;  with  a  quick  pulse,  and  high 
fever.    On  examining  the  finger,  a  pustule,  or  vesicle,  with  an  inflamed  areola, 
may  be  obser\-ed  in  the  situation  of  the  puncture  ;  from  this  a  few  red  lines  • 
may  be  seen  extending  up  towards  the  arm-pit,  Avhere  there  may  be  swelling  : 
and  tension.    In  the  worst  cases,  however,  the  signs  at  the  seat  of  inocii-  - 
lation  may  be  either  wanting  or  scarcely  recognizable.    Suppuration,  with 
much  pain,  takes  place  in  the  pectoral  and  axillary  regions  ;  it  is  usually 
diffuse,  the  pus  being  mixed  with  shreds  and  sloughs.    The  general  symptoms  - 
gradually  assume  an  asthenic  type  ;  the  tongue  becomes  brown,  sordes  accu-  - 
mulate  about  the  lips  and  gums,  low  delirium  sets  in  with  a  rapid  feeble  pulse, . 
and  death  occurs  in  fi'om  ten  days  to  three  weeks.    When  incisions  arc  made  • 
into  the  l)rawny  tissue,  it  is  found  infiltrated  with  thin  pus,  and  in  a  sloughy  .- 
state.  If  the  patient  live,  large  circumscribed  abscesses  form  under  the  i:)ectoral  1 
muscles,  in  the  axilla,  and  above  the  clavicle,  accompanied  by  much  exhaustion  i 
and  depression  of  the  system.    The  convalescence  is  tedious  and  prolonged, , 
and  the  constitution  is  often  shattered  for  life. 

In  other  cases  a  diffuse  inflammation  identical  in  all  its  characters  with  the? 
so-called  phlegTaonous  or  cellular  erysipelas  spreads  directly  ft'om  the  seat  of ! 
inoculation.  That  this  form  of  dissection- wound  is  of  a  truly  specific  character,', 
is  evident  from  the  fact  that  patients  labouring  under  it  may  communicate v 
fatal  erysipelas  to  their  nurses  and  attendants  ;  as  happened  in  the  case  of  thei' 
late  J.  P.  Potter,  of  University  College  Hospital,  whose  early  death  was  much  i 
to  be  lamented.  It  is  this  kind  of  dissection-wound  that  is  especially  aptt 
to  occur  after  punctures,  received  from  patients  who  ha^'C  died  of  diffuse  ■ 
inflammation  of  the  serous  membranes. 

Sometimes  the  intensity  of  the  spreading  inflammation  is  such  that  itt 
terminates  rapidly  in  gangrene  of  the  affected  part,  and  the  disease  thenii 
resembles  in  most  of  its  features  genuine  spreading  or  traumatic  gangrene.  A\ 
case  of  this  kind  occurred  in  a  nurse  under  the  care  of  Christopher  Heath  iui 
University  College  Hospital  in  188(i.  It  resulted  from  the  prick  of  a  pini 
recei^-ed  in  laying  out  the  body  of  a  lady  Avho  liad  died  of  puerperal  fever." 
The  patient's  life  was  saved  only  by  amputation  at  the  shoulder-joint  on  the 
sixth  day  after  the  accident.  In  this  case,  as  is  usual  in  this  form  of  disease, 
there  was  no  enlargement  of  the  lymphatic  glands  in  the  axilla. 

The  symptoms  produced  by  contact,  independently  of  any  wound,  with  the 
bodies  of  persons  who  have  died  of  crysijielatons  diseases  "or  pva^mia,  some- 
times vary,  though  still  referable  to  the  introduction  of  a  poison.  Thus  I 
have  known  a  body  to  infect  seriously  in  different  ways  six  stiidents  who  were^ 
working  at  it.  Two  had  suppuration  of  the  areolar  tissue,  under  the  pectorals 
and  in  the  axilla  ;  one  was  seized  with  a  kind  of  maniacal  delirium  ;  a  fourth 
had  typhoid  fever ;  and  the  remaining  two  were  seriously,  though  not 
dangerously,  indisposed. 

Treatment.— On  the  receipt  of  a  puncture  in  dissection,  or  in  making  a 
post  mortem  examination,  the  best  mode  to  prevent  injurious  consequences  is 
to  tie  a  string  tightly  round  the  finger  above  the  injury,  thus  causinc^  the 
blood  to  flow,  and  perhaps  to  carry  out  the  virus  with  it.  The  part  should 
then  be  well  washed  in  a  stream  of  cold  water  at  a  tap,  or  better  still  in  a 
solution  of  carbolic  acid  (1  to  20  of  water),  and  sucked  for  some  minutes  ;  in 
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this  way  any  poisonous  matter  that  has  been  introduced  may  usually  be  got 
rid  of.  It  is  better  not  to  apply  caustics  ;  they  only  irritate  and  inflame  the 
finger,  and  can  do  but  little  good.  Dissectors  should  bear  in  mind  that  the 
state  of  the  constitution  exercises  great  influence  upon  the  effects  of  the 
puncture  ;  and,  that,  in  proportion  as  the  health  is  sound  and  the  body  not 
exhausted  by  over-flitigae,  there  is  less  likelihood  of  any  injurious  consequences 
ensuing. 

In  the  slighter  forms  of  dissection-wound,  attended  by  a  moderate  amount 
of  inflammation,  the  whole  finger  should  be  thickly  incased  with  extract  of 
belladonna  diluted  with  an  equal  quantity  of  glycerine  ;  this  should  be  co\  ered 
with  cotton-wool,  the  hand  elevated  and  kept  at  absolute  rest  in  a  sling  or  in 
a  splint.  If  the  absorbents  become  inflamed,  the  belladonna  and  glycerine 
should  be  thickly  painted  along  their  course,  and  the  arm  enveloped  in  cotton- 
wool. 

The  general  treatment  of  clearing  out  the  bowels  with  a  free  calomel  purge, 
followed  by  moderate  stinmlation,  must  be  adopted  in  the  early  stage  ;  but 
tonics  and  strong  support  will  soon  be  required,  and,  if  there  be  much  con- 
stitutional irritation,  opiates  may  advantageously  be  administered. 

The  treatment  of  the  more  severe  forms  of  dissection-injury  consists  princi- 
pally in  the  application  of  belladonna-  and  hot  fomentations  in  the  early  stages, 
followed  by  early  and  ^"ery  free  incisions  into  the  finger,  axilla  or  pectoral 
region,  or  wherever  else  the  part  may  become  tense  and  brawny.  These  should 
be  made,  if  there  is  much  tension,  even  though  matter  have  not  already  formed, 
with  a  view  of  preventing  suppuration.  Should  abscesses  form,  they  must  be 
opened  early.  All  incisions  should  be  made  with  antiseptic  precautions,  and 
treated  afterwards  by  some  of  the  modes  of  antiseptic  dressing  already 
described.  Even  when  sloughs  have  formed,  they  are  not  putrid,  and  the 
patient's  danger  will  be  greatly  increased  should  they  be  allowed  to  become  so. 
In  the  constitutional  treatment,  our  great  reliance,  after  clearing  out  the 
intestinal  canal  by  a  free  purge,  is  on  the  administration  of  bark, 
ammonia,  wine,  and  brandy,  with  such  fluid  nourishment  as  the  patient  can 
take  ;  the  case  being  treated  as  one  of  the  worst  forms  of  asthenic  inflamma- 
tion. If  the  patient  survive,  he  must  be  sent  as  soon  as  possible  into  the 
country,  and  must  devote  some  months,  perhaps,  to  the  re-establishment  of  his 
health.  The  punctured  part  often  continues  irritable  for  a  great  length  of 
time,  even  for  many  years,  remaining  red,  inflamed,  and  desquamating, 
pustules  sometimes  appearing  on  it.  This  condition  is  best  remedied  by  the 
occasional  application  of  nitrate  of  silver. 

In  conclusion,  I  cannot  too  strongly  urge  upon  the  dissecting  student  that 
unless  he  take  scrupulous  precautions  as  to  cleanliness  and  disinfection,  he  may 
readily  contaminate  with  septic  poison  any  patient  whose  wound  he  dresses. 
No  dissecting  student  or  operatijig  surgeon,  who  has  examined  a  dead  body, 
ought  to  approach  a  patient  who  has  a  wound  without  having  previously 
changed  his  clothes,  and,  after  washing,  soaked  his  hands  in  carbolized  water, 
or  otherwise  disinfected  himself. 
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BURNS  AND  SCALDS. 

A  Burn  is  the  result  of  the  apphcation  of  so  great  a  degree  of  heat  to  the 
body  as  to  produce  either  inflammation  of  the  part  to  which  it  is  appKed,  or 
charring  and  complete  disorganization  of  its  tissues.  A  Scald  is  occasioned 
by  the  application  of  some  hot  fluid  to  the  body,  giving  rise  to  the  same 
destructive  effects  as  are  met  with  in  burns,  though  differing  from  them  in  the 
appearances  produced. 

Local  Effects. — Burns  and  scalds  vary  greatly  in  the  degree  of  destruc- 
tion of  tissue  to  which  they  give  rise  ;  this  variation  depending  partly  upon 
the  intensity  of  the  heat,  and  partly  upon  the  duration  of  its  application.  The 
sudden  and  brief  application  of  flame  to  the  surface  produces  but  very  slight 
disorganization  of  the  cuticle,  with  some  hyperaemia  of  the  skin.  If  the  part  | 
be  exposed  for  a  longer  time  to  the  action  of  the  flame,  as  when  a  woman's 
clothes  take  fire,  the  cutis  itself  may  be  disorganized  ;  and  if  the  heat  be  still 
more  intense,  as  when  molten  metal  falls  upon  the  body,  the  soft  parts  may  be 
deeply  charred,  or  the  whole  thickness  of  a  limb  destroyed.  So,  also,  the 
effects  of  scalds  vary  greatly,  not  only  according  to  the  temperature  of  the 
liquid,  but  according  to  its  character  ;  the  more  oleaginous  and  thick  the  fluid, 
the  more  severe,  usually,  will  the  scald  be. 

These  various  results  of  the  application  of  heat  to  the  surface  have  been 
arranged  by  Dupuytren  into  six  different  degrees  of  burn.  This  classification 
is  not  merely  a  fanciful,  nor  a  purely  pathological,  arrangement  of  the 
effects  produced  by  the  application  of  heat ;  but  it  is  of  great  practical 
importance,  as  the  degree  and  character  of  the  resulting  cicatrix  are  dependent 
on  the  depth  to  which  the  burn  penetrates  into  the  tissues.  Hence  the  future 
condition  can  be  determined  by  ascertaining,  in  the  first  instance,  the  degree 
to  which  the  burn  belongs. 

In  the/irst  dcf/rce,  the  application  of  fire  has  been  momentary.  It  has  been 
followed  by  redness  and  pain.  There  is  dilatation  of  the  vessels,  simple 
hyperaemia,  but  no  destruction  of  tissue ;  and  consequently  there  is  no  rcsultinu' 
cicatrix.  The  constant  repetition  of  a  burn  of  this  degree  may,  however, 
cause  a  disturbance  of  healthy  nutrition  ;  thus  in  old  people  who  sit  constant! v 
before  the  fire  or  over  charcoal  foot-warmers,  changes  are  gradually  induced 
in  the  integuments  of  the  lower  extremities. 

In  the  seco?id  degree  the  damage  done  by  the  heat  is  sufficient  to  cause 
dilatation  of  the  vessels,  retarded  flow,  and  exudation.  The  corneous  lavcr  of 
the  cuticle  is  loosened  and  raised  from  the  Malpighian  layer  by  the  exudation 
from  the  vessels  of  the  inflamed  cutis,  and  thus  vesicles  or  blisters  are  formed. 
When  these  burst,  the  surfoce  left  beneath  is  still  completely  covered  with 
epithelium.    There  is  no  loss  of  substance  beyond  that  of  the  corneous  layer 
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of  the  cuticle.  The  raw  siirftice  left  may  dischai'o-e  a  little  purifonn  fluid,  the 
cells  which  it  coutaiiis  being  partly  young  epithelium  from  the  jMalpighian 
layer  and  partly  leucocytes  which  have  wandered  to  the  surface.  Although 
no  cicatrix  results  in  these  cases,  yet  discoloration  of  the  integument  is  often 
left.  If  the  cuticle  be  not  removed,  the  inflammation  speedily  subsides  and 
is  followed  by  some  desquamation. 

In  the  third  degree  the  whole  of  the  cuticle  is  destroyed,  with  a  portion  of 
the  true  skin  ;  but  the  cutis  vera  is  not  entirely  destroyed.  This  is  a  most 
important  point,  as  it  influences  materially  the  character  of  the  resulting 
cicatrix. 

The  thin  layer  of  the  true  skin  remaining  contains  sweat-glands,  hair- 
follicles  and  elastic  tissue — structures  which  are  not  reproduced  if  once 
destroyed.  Moreover,  round  each  hair,  in  the  ducts  of  the  sweat  glands  and 
in  the  hollows  between  the  papilla3,  epithelium  is  left  uudestroyed,  from  which 
new  cells  can  start  growing.  The  tips  of  the  papihaj  have  their  epithelium 
completely  destroyed,  and  consequently  become  covered  with  granulation- 
tissue,  so  that  the  whole  surface  becomes  vi^'id  red  and  sn^Dpurates  freely.  It 
covers,  however,  with  epithelium  with  marvellous  rapidity,  owing  to  the 
innumerable  points  from  which  the  new  cells  start  growing.  It  scarcely 
contracts  in  healing,  and  the  scar  that  results  is  elastic  and  contains  all  the 
elements  of  normal  skin.  Owing  to  the  exposure  of  the  nerve-endings  in  the 
papillas  this  form  of  burn  is  intensely  painful. 

In  the  fourth  degree  there  is  destruction  of  the  skin  through  its 
whole  thickness,  so  that  the  subcutaneous  tissue  is  reached.  The  eschar 
separates  by  ulceration  fi-om  the  suiTOunding  parts,  and  a  large  granulating- 
sore  is  left  which  can  become  covered  by  epithelium  from  its  edges  only. 
Consequently  the  healing  is  slow  and  attended  by  long  continued  suppuration 
and  great  contraction.  The  resulting  cicatrix  is,  therefore,  much  smaller 
than  the  original  raw  surface,  and  is  devoid  of  glands,  hair,  and  elastic  tissue ; 
at  first  it  is  thin,  red  or  purplish,  glazed,  often  in  the  form  of  bands  or 
bridles,  and  is  liable  to  occasion  great  deformity  by  the  cohesion  of  parts,  as 
of  the  fingers,  or  by  contraction,  as  at  the  elbow,  and  the  side  of  the  neck 
and  face,  or  by  the  closure  of  apertures,  as  of  the  nostrils. 

In  the  fifth  and  sixth  degrees  the  destructive  influence  of  the  burn  penetrates 
to  a  greater  or  less  depth  into  the  muscles,  bones,  or  joints.  In  the  fifth 
degree,  the  moi-e  superficial  muscular  structures  are  implicated  :  in  the  sixth 
degree  the  whole  thickness  of  the  limb  is  destroyed  and  charred. 

This  is  very  briefly  the  celebrated  classification  introduced  by  Dupuytren, 
and  adopted  by  most  writers  on  the  subject  as  a  practical  exposition  of  the 
local  eifect  of  burns.  These  various  degrees  are  usually  found  associated  to  a 
greater  or  less  extent ;  indeed,  in  the  more  severe  cases,  the  first  three  or  four 
degrees  are  almost  invariably  met  with  together. 

Surgically,  the  fourth  degree  is  the  most  important,  and  most  severe  burns 
extend  to  it.  In  practice  it  is  difficult,  if  not  impossible,  to  distinguish 
between  the  third  and  fourth  degrees  till  the  sloughs  begin  to  separate.  In 
both  the  skin  is  parchment-like  and  of  a  brownish  yellow  colour.  Tlie  im- 
portance of  the  fourth  degree  is  due  to  the  complete  destruction  of  the  whole 
thickness  of  the  skin,  and  the  consequent  extcnsi^'e  granulating  and  sup- 
purating surfaces  that  are  left ;  and  to  the  tendency  to  deformity  from  the 
contraction  of  the  cicatrices. 
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The  scars  of  l)nnis  ha^•e  been  credited  with  some  peculiar  power  of  contrac- 
tion, but  there  is  no  reason  to  beheve  that  the  f>Tanuhition-tissue  formed  to 
repair  a  loss  of  tissue  presents  any  diiferences  corresponding-  to  the  particular 
injury  which  caused  the  mischief.  Burns  are  the  injuries  in  which  the  largest 
granulating  sores  are  met  with  ;  and,  as  we  have  l)efore  seen,  contraction  is  an 
essential  part  of  healing,  and  the  amount  is  directly  proportional  to  the  size  of 
the  sore  and  the  looseness  of  the  soft  parts. 

This  process  of  contraction  continues  for  many  months  after  the  sore  has 
become  covered  with  epithelium,  giving  rise  frequently  to  the  most  distressing 
deformities,  and  to  com])Iete  loss  of  motion  and  use  in  parts.  These 
cicatrices  are  composed  of  dense  fibrous  tissue,  and  often  extend  deeply  between 
and  mat  together  the  muscles,  vessels,  and  soft  structures  of  a  limb,  of  the 
face,  or  of  the  neck. 

The  Constitutional  Effects  resulting  from  burns  are  most  serious  and 
important ;  they  depend  not  so  much  upon  the  depth  of  the  injury  as  upon  its 
situation,  the  extent  of  surface  implicated,  and  the  age  of  the  patient.  Thus  a 
person  may  have  his  foot  completely  charred  and  burned  off  by  a  stream  of 
molten  iron  running  over  it,  with  far  less  constitutional  disturbance  and  danger 
than  if  the  surface  of  the  trunk  and  face  be  extensively  scorched  to  the  first 
and  second  degrees  ;  burns  about  the  chest,  the  head,  and  the  face,  being  far 
more  likely  to  be  attended  by  serious  constitutional  mischief  than  smiilar 
injuries  of  the  extremities.  In  children,  the  system  generally  suffers  more 
severely  from  burns  than  in  adults.  The  fever  that  follows  a  bad  burn  is 
probably  due  to  several  causes  combined,  such  as  the  reaction  after  extreme 
primary  depression,  and  the  retention  in  the  blood  of  waste  products  in  conse- 
(juence  of  the  arrest  of  the  cutaneous  secretion  in  the  burnt  parts  ;  but  the  two 
chief  causes  are  undoubtedly  the  inflammation  produced  by  the  burn  and  the 
absorption  of  the  products  of  putrefaction  from  the  raw  surface.  Experiment 
has  showm  that  the  charred  surface  resulting  from  a  burn,  so  far  from  pre- 
senting a  barrier  to  the  entrance  of  septic  matter  into  the  system,  as  is 
sometimes  supposed,  is  in  reality  equal  in  its  power  of  absorption  to  a  raw 
surface  made  with  a  knife.  Unless  special  precautions  are  taken,  therefore,  to 
prevent  decomposition  in  the  sloughs,  the  amount  of  septic  products  absorbed 
is  very  large,  and  the  resulting  fever  proportionally  severe. 

The  constitutional  disturbance  induced  by  burns,  in  whatever  degree,  may 
be  di\'ided  into  three  stages  :  1,  Depression  and  Congestion  ;  2,  Reaction  and 
Inflammation ;  3,  Suppuration  and  Exhaustion. 

1.  The  stage  of  Depression  of  the  Nervous  System  and  Congestion 
of  Internal  Organs,  occupies  the  first  forty-eight  hours ;  during  which  death 
may  occur.  Immediately  on  the  receipt  of  a  severe  burn  the  patient  becomes 
cold  and  collapsed,  and  is  seized  with  fits  of  shivering,  which  continue  for  a 
considerable  time.  He  is  suffering  evidently  from  the  shock  of  the  injmy  : 
the  severity  of  the  shivering  is  usually  indicative  of  the  extent  of  the  constitu- 
tional disturbance,  and  is  more  prolonged  in  those  injuries  that  occupy  a  great 
extent  of  surface,  even  though  it  be  burnt  only  to  the  first  or  second  degree, 
than  in  those  wdiich,  being  of  more  limited  superficial  extent,  affect  the  tissues 
deeply.  In  many  cases  of  extreme  burn  the  patient  suffers  no  pain  although 
perfectly  conscious.  This  is  a  very  grave  sign,  indicating  the  severest  shock. 
On  the  subsidence  of  the  symptoms  of  depression,  there  is  usually  a  period  of 
quiescence  before  reaction  comes  on.   At  this  time  vomiting  is  a  common  and 
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troublesome  symptom,  and  the  patient,  especially  if  a  child,  not  unfrcqucntly 
dies  comatose ;  death  rcsultinsj:  from  congestion  of  the  brain  and  its  membranes, 
with,  ^lerhaps,  serous  eifusion  into  the  ventricles  or  the  arachnoid.  Besides 
these  lesions,  the  raucous  membrane  of  the  stomach  and  intestines,  as  well  as 
the  substance  of  the  lung's,  is  usually  found  congested. 

The  pathological  phenomena  of  this  period  are  altogether  of  a  congestive 
character.  Of  15  cases  in  which  the  contents  of  the  cranium  were  examined, 
I  found  congestion  of  the  brain  and  its  membranes,  with  serous  eflusion,  in 
all ;  in  U  of  these  cases  the  thoracic  viscera  were  found  to  be  congested  in  !), 
healthy  in  5 ;  and  of  14  in  which  the  abdominal  organs  were  examined,  con- 
gestion of  the  gastrointestinal  mucous  membrane  was  found  in  1:^  cases,  and 
a  healthy  condition  in  two  only. 

2.  The  next  stage,  that  of  Reaction  and  Inflammation,  extends  ft'om  the 
second  day  to  the  second  week.  The  action  of  the  heat  which  causes  the 
bm-n  is  momentary,  and  produces  its  full  effect  instantaneously.  The  inflam- 
mation which  is  the  direct  result  of  the  heat  sets  in  therefore  at  once,  and  if 
no  other  cause  came  into  play,  it  would  be  accurately  limited  to  the  part  acted 
on,  and  begin  to  subside  after  the  first  few  hours.  This  is,  however,  not  the 
case  in  the  majority  of  bm-ns.  By  the  end  of  the  second  day  the  inflammation 
is  still  increasing  in  intensity  and  extent.  The  bmiit  area  is  surrounded  by  a 
wide-spreading  blush  of  redness;  there  are  oedema,  heat,  and  pain.  With 
these  there  is  feyer  proportional  to  the  extent  of  the  burn.  It  is  important 
to  consider,  therefore,  what  is  the  cause  that  continues  to  act,  and  not  only  to 
maintain  but  to  extend  the  inflammatory  process  long  after  the  original  cause 
has  ceased  to  exert  any  influence.  In  burns  accompanied  by  death  of  con- 
siderable portions  of  tissue,  the  presence  of  the  dead  matter  no  doubt  causes 
some  irritation  in  its  immediate  neighbourhood  ;  but  the  great  cause  of  the 
inflammation  that  occurs  durmg  the  first  w'eek  of  a  bad  burn  is  the  decom- 
13osition  of  the  adherent  sloughs,  and  the  fever  that  accompanies  the  ]irocoss  is 
in  great  part  due  to  the  absorption  of  the  chemical  products  of  putrefaction. 
It  is  during  this  period  that  a  large  burn  becomes  so  horribly  offensive  unless 
special  means  arc  adopted  to  prevent  it.  Death,  which  is  more  frequent  during 
this  stage  than  in  the  preceding  one,  is  usually  connected  with  some  inflamma- 
tory condition  of  the  'gastro-intestinal  mucous  membrane  or  of  the  peritoneum. 
The  lungs  also  are  frequently  affected,  showing  marked  evidence  of  pneujiionia 
or  cono-estion ;  but  the  cerebral  affections  are  not  so  common  as  in  the  first 
stage ;  though,  when  they  occur,  they  present  more  unequivocal  evidence  of 
inflammation.  The  following  are  the  results  of  t\\Q ^jost  tnorkm  examinations 
which  I  have  made.  Of  17  cases  in  which  the  contents  of  the  craniiun  were 
examined  during  this  period,  there  was  congestion,  with  evidence  of  inflamma- 
tion and  effusion  of  serous  fluid,  generally  stained  with  blood,  in  14;  a  healthy 
state  in  the  remaining  3.  Of  19  cases  in  which  the  lungs  were  examined, 
there  was  congestion  of  these  organs,  probably  inflammatory,  in  most  instances ; 
with  serum  or  lymph  in  the  pleura,  and  redness  of  the  bronchial  mucous  mem- 
brane, in  10.  The  lungs  were  hepatized  in  5,  and  healthy  in  4.  The  abdo- 
minal organs  were  examined  in  22  cases ;  of  these  there  was  congestion  of  the 
mucous  membrane,  sometimes  with  evidence  of  peritonitis,  in  11 ;  ulceration 
of  the  duodenum  in  G ;  a  healthy  state  in  5.  The  post  mortem  appearances 
are,  in  fact,  those  of  acute  septic  poisoning,  possibly  complicated  in  some  cases 
by.  a  genuine  infective  process. 
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It  is  ill  this  stage  of  1)urn,  that  the  very  remarkable  and  serious  sequela, 
perforating  ulcer  of  the  duodenum,  is  especially  apt  to  occur.  Curliug-, 
who  first  attracted  attention  to  it,  explained  its  occurrence  by  the  supposition 
that  Briinner's  glands  endeavour,  by  an  increased  action,  to  compensate  for 
the  suppression  of  the  excretion  from  the  skin  consequent  upon  the  burn ;  and 
that  the  irritation  thus  induced  tends  to  their  inflammation  and  ulceration. 
This  ulceration  may,  as  Curling  remarks,  by  rapidly  proceeding  to  perforation, 
expose  the  pancreas,  open  the  branches  of  the  hepatic  artery,  or,  by  making  a 
communication  with  the  serous  cavity  of  the  abdomen,  induce  peritonitis, 
and  thus  cause  death.  It  usually  comes  on  about  the  tenth  day  after  the 
occurrence  of  the  injury ;  seldom  earlier  thaii  this.  The  only  exception  with 
which  I  am  acquainted  was  in  the  case  of  a  child,  nine  years  of  age,  who  died 
on  the  fourth  day  after  the  burn,  in  University  College  Hospital,  and  in  whom 
an  ulcer,  of  about  the  size  of  a  shilling,  with  sharp  cut  margins,  was  found  in 
the  duodenum  ;  the  intestinal  mucous  membrane  generally  being  inflamed. 
That  these  ulcers  are  not  invariably  fatal,  is  e^'ident  from  a  case  mentioned  by 
Curling,  in  which,  on  death  occurring,  from  other  causes,  eight  weeks  after 
the  injury,  a  recent  cicatrix  was  found  in  the  duodenum.  These  affections 
seldom  occasion  any  very  marked  symptoms  to  indicate  the  nature  of  the  mis- 
chief, the  patient  suddenly  sinking.  In  some  instances  there  is  hajmorrliage ; 
though  this  is  not  an  unequivocal  sign,  as  I  have  several  times  seen  it  happen 
from  simple  inflammatory  congestion  of  the  intestinal  mucous  membrane.  Pain 
in  the  right  hypochondriac  region,  and  perhaps  vomiting,  may  also  occur. 

3.  The  stage  of  Suppuration  and  Exhaustion  continues  from  the  second 
week  to  the  close  of  the  case.  In  it  we  frequently  have  symptoms  of  hectic, 
with  much  constitutional  disturbance  from  the  long  continuance  of  exhausting 
discharges.  If  death  occur,  it  is  most  frequently  induced  by  inflammation' of 
the  lungs  or  plem-a ;  affections  of  the  abdominal  organs  and  brain  being  less 
frequent  during  this  stage  of  the  injury.    Pyfemia  is  not  uncommon. 

Of  7  cases  in  which  the  lungs  were  examined,  they  were  found  to  be  healthy 
in  one  only ;  being  hepatized,  with  efFusion  into  the  pleuras,  in  the  remaining  6 
cases.  Of  7  cases  in  which  the  abdominal  organs  were  examined,  a  healthy 
state  was  found  in  4  ;  inflammatory  congestion  in  2  ;  and  a  cicatrized  ulcer  in 
the  stomach  in  1.  Of  5  of  the  cases  the  cerebral  contents  Avere  found  healthy 
in  1  only ;  there  being  inflammatory  congestion  in  the  other  4. 

Prognosis.— The  influence  of  extent,  degree,  and  situation,  on  the  prognosis 
of  burns  has  already  been  stated.  The  most  fatal  element  indeed  of  these 
injuries  is  siqjerficial  extent.  It  is  generally  believed  by  Surgeons  that  recovery 
cannot  take  place  if  one-third  of  the  surface  of  the  body  be  scorched  or  burnt. 
Not  only  do  the  cutaneous  nerves  become  greatly  irritated,  and  the  nervous 
system  generally  suffers  severely,  from  the  shock  of  an  extensive  burn ;  but, 
owing  to  the  arrest  of  the  cutaneous  secretion  over  a  large  surface  of  the  skin, 
congestion  of  the  internal  organs  and  of  the  mucous  membranes  ensues  ;  hence 
death  may  happen  directly  from  this  cause,  or  from  the  supervention  of  in- 
flammation in  the  aheady  congested  parts,  more  particularly  in  the  eai'ly 
periods  of  life.  The  degree  of  burn  influences  the  prognosis  unfavourably 
ratjher  so  far  as  the  part  itself  is  concerned,  than  as  the  general  system  is 
affected.  The  most  fatal  period  in  cases  of  burn  is  the  first  week  after  the 
accident.  I  find  that,  in  50  cases  of  death  from  these  accidents,  33  proved 
fatal  before  the  eighth  day ;  27  of  these  dying  before  the  fourth  day.    Of  the 
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remainino;  17  cases,  8  died  in  the  second  week,  2  in  the  third,  2  in  the  fourth, 
4  in  the  fifth,  and  1  in  the  sixth. 

IMEode  of  Death  from  Burn. — When  in  an  ordinary  conflagration  a  person 
is  "  burnt  to  death,"  the  fatal  event  is  occasioned  not  by  the  charring  of  the 
body,  but  by  the  induction  of  asphyxia.  liife  is  mercifuUy  extinguished  by 
sufibcation  in  the  smoke  and  noxious  vapours  resulting  from  the  tiru,  before 
the  body  itself  is  consumed.  To  what  particular  product  of  combustion  the 
asphyxia  is  due,  is  somewhat  undecided.  There  is  reason  to  believe  that  in 
most  cases  carbonic  oxide  rather  than  carbonic  acid  is  the  cause  of  suffocation. 

When  a  person  is  severely  and  extensively  burnt,  and  dies  in  the  course  of 
a  few  hours,  or  a  day  or  two,  death  arises  usually  fi-om  shock,  which  is  most 
severe  and  continuous.  Dupuytren  was  of  opinion  that  during  this  stage  the 
sufferer  died  from  the  excessive  pain,  and  stated  that  "  too  great  a  loss  of  sensi- 
bility might  kill  as  well  as  too  great  a  loss  of  blood."  AVhether  this  be  so  or 
not,  it  is  perhaps  difficult  to  say ;  but  the  fact  remains  certain  that,  in  indi- 
viduals who  die  during  this  stage,  the  brain  and  its  membranes  will  in\'ariably 
be  found  congested,  usually  with  more  or  less  effusion  of  serous  fluid  into  the 
ventricles  and  the  arachnoid.  This  I  have  invariably  found  in  every  case  that 
t  have  examined.  In  one  half  of  the  cases  I  have  found  congestion  of  the 
thoracic  organs,  and  in  the  majority  congestion  of  the  abdominal  organs,  more 
especially  of  the  mucous  membrane  of  the  stomach  and  ileum.  Death  duriug 
the  second  stage  is  usually  dependent  upon  internal  septic  inflammations,  more 
particularly  of  the  gastro-intestinal  mucous  membrane  and  lungs,  and  less  fre- 
quently of  the  brain  and  its  membranes.  If  the  patient  survive  into  the 
period  of  suppuration,  and  then  succumb,  he  will  usually  die  from  exhaustion 
or  pyaemia. 

Treatment. — The  treatment  of  bums  must  have  reference  to  the  constitu- 
tional condition,  as  well  as  to  the  local  injury.  A.  vast  variety  of  local  appli- 
cations have  been  recommended  by  different  Surgeons,  such  as  flour,  starch, 
cotton-wadding,  treacle,  white  paint,  gum,  solution  of  India-rubber,  &c. ;  the 
principle  of  all  these  applications  is,  however,  the  same,  viz.,  the  protection  of 
the  bm-nt  surface  from  the  air.  I  shall  hei'c  content  myself  with  describing 
the  methods  tlmt  are  usually  followed  with  much  success  at  the  University 
College  Hospital. 

The  Constitutional  Treatment  is  of  the  utmost  consequence.  We  have 
seen  how  death  arises  at  various  periods  after  these  accidents  from  different 
causes,  and  we  must  modify  our  treatment  accoi'dingly.  The  first  thing  to  be 
done  after  the  infliction  of  a  severe  bm-n  is  to  bring  about  reaction ;  the 
patient  is  trembling  in  a  state  of  extreme  depression,  suffering  great  pain,  is 
cold  and  shivering,  and  may  sink  from  the  shock  unless  properly  supported. 
A  full  dose  of  liquor  opii,  varied  according  to  the  age,  should  be  given  at  once 
in  some  warm  brandy-and-water,  aud  repeated,  if  necessary,  in  the  course  of 
aa  hour  or  two. 

When  the  body  is  extensively  but  superficially  burnt,  the  immersion  of  the 
patient  in  a  warm  bath  gives  instantaneous  relief,  assuaging  the  pain  and 
removing  the  depression. 

When  reaction  has  fairly  set  in,  the  patient's  secretions  should  be  kept  free 
by  the  administration  of  an  occasional  mild  purgative  and  salines.  Should  any 
inflammatory  symptoms  about  the  head,  chest,  or  abdomen  manifest  themseh'es, 
it  will  be  necessary  to  have  recourse  to  treatment  appropriate  to  their  nature. 
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I  have  certainly  seen  patients  saved  in  these  circiunstances  by  the  employment 
of  blood-lettini?  and  the  apphcation  of  leeches.  But,  in  the  vast  majority  of 
instances,  the  visceral  complications  are  of  a  low  and  congestive  type.  In  such 
cases  our  great  reliance  must  be  on  stimulants.  Ammonia  and  bark,  brandy 
and  Avine,  require  to  be  freely  given,  with  a  sufficiency  of  nourishment  :  and 
the  irritability  of  the  nervous  system  must  be  soothed  by  the  frequent  admmis- 
ti-ation  of  fiill  doses  of  opium.  At  a  later  period,  when  the  strength  hcis 
become  impaired  by  the  profuseness  of  the  discharges,  this  tonic  and  stimu- 
lating plan  must  be  actively  continued. 

Local  Treatment.— In  all  cases  of  extensive  burn  the  charred  clothes 
nnist  be  remo\  ed,  and  the  patient  laid  upon  a  blanket  and  protected  as  far  as 
]X)ssible  from  exposure  to  cold.  objects  aimed  at  in  the  further  treatment 

are  the  protectioii  of  the  raw  surface,  which  in  ;dl  degrees  of  burn  below  the  ■ 
fourth  is  acutely  sensitive,  the  prevention  of  decomposition,  and  the  exclusion 
of  cold.    In  burns  of  the  first  degree  no  treatment  is  necessary  ;  when  it  is ; 
limited  to  the  second  degree  the  blister  may  be  piuictured  and  the  serum  i 
allowed  to  drain  away,  but  the  cuticle  should  not  be  removed.    The  whole  • 
part  may  then  be  wrapjjed  in  cotton  wool  and  left  untouched  for  a  few  days, . 
by  which  time  it  will  have  quite  recovered.    In  the  third  and  succeeding 
degrees  of  burn,  sloughs  have  to  separate  and  suppuration  will  take  ]3lace,  and 
prevention  of  decomposition  consequently  becomes  of  the  first  importance. 
The  extent  of  the  raw  sm-face,  however,  and  the  readiness  with  which  absorp- 
tion takes  place  from  it,  render  it  unsafe  to  apply  any  antiseptic  possessing 
powerful  toxic  properties,  and  for  this  reason  the  use  of  carbolic  acid  is  better 
avoided.    Boracic  acid,  sahcylic  acid,  and  eucalyptus  oil  are  the  most  powerful 
of  tlic  non-toxic  antiseptics.    Boracic  acid  may  be  a]:)plied  cither  by  means  of 
boracic  lint  soaked  in  a  concentrated  solution  of  the  acid  and  covered  with 
oiled  silk,  or  as  ointment  (p.  194)  spread  on  strips  of  linen.    If  much  slough-- 
ing  is  expected,  the  former  is  the  better  plan;  if  httle,  the  latter.  Salicylic  acidi 
may  be  used  as  a  lotion  to  cleanse  the  parts,  and  the  whole  burnt  area  may;r 
afterwards  be  co^'crcd  by  a  thick  layer  of  salicylic  wool,  not  to  be  removed  till 
either  high  fever  or  smell  suggests  that  putrefaction  is  taking  place  beneath  it. 
Eucalyptus  oil  may  be  used  either  as  gauze  or  as  a  solution  in  olive  oil. 
Iodoform  may  be-  sprinkled  on  the  surface  if  the  discharge  becomes  foul,  bui 
caution  must  be  used  in  its  application,  especially  in  children,  as  symptoms  o1 
poisom'ng  (p.  105)  may  arise.    In  the  absence  of  the  necessary  material  foi 
the  above  modes  of  treatment  the  following  plan  will  be  found  comfortable  t( 
the  patient,  and  satisfactory  in  its  results.    The  whole  burnt  surface,  Avhatevci 
may  be  the  degree  of  burn,  may  be  well  co\  ered  with  the  finest  wlieaten  flom 
by  means  of  an  ordinary  di'edger.    The  flour  should  be  laid  on  thickly,  bui 
uniformly  and  gradually  ;  it  foi'ms  a  soft  and  soothing  application  to  th( 
surface.    If  the  cuticle  have  been  abraded,  the  flour  will  form  a  thick  crust,  In 
admixture  with  the  serum  discharged  from  the  broken  suiface.    If  the  skin  bi 
charred,  the  discharge  which  will  be  sjiecdily  set  up  around  the  eschar,  wil 
make  the  flour  adhere  to  the  part,  forming,  as  it  were,  a  coating  imper^'ious  t^ 
the  ail-.    The  crusts  thus  formed  should  not  be  disturbed  nntil  they  beconn 
loosened  by  the  discharges,  when  they  should  be  removed.    In  this  mode  o 
treatment  the  decomposition  of  the  discharges  is  retarded  and  limited  by  tlv 
dryness  of  the  dressing. 

A  common  remedy  in  iron -works  and  other  places  where  burns  are  commoi 
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is  the  so-called  Carron-oU,  composed  of  equal  flirts  of  linseed-oil  and  lime-water, 
to  which  a  small  quantity  of  spirits  of  turpentine  is  sometimes  added.  It  is 
applied  on  lint.  AVhatever  local  application  be  adopted,  I  hold  it  to  be  of  the 
utmost  importance  in  the  early  stages  of  the  burn  to  change  the  dressings  as 
seldom  as  possible  ;  if  dry  dressings  are  used,  not  until  they  have  been  loosened 
by  the  discharges.  Every  fresh  dressing  causes  the  patient  very  severe  pain, 
produces  depression,  and  certainly  retards  materially  the  jn'ogress  of  the  case. 

When  the  sloughs  have  separated,  the  gi-annlating  surface  must  be  managed 
on  ordinary  principles.  It  is  important,  however,  to  select  some  form  of 
dressing  that  will  not  stick  to  the  sore,  otherwise  the  granulations  may  bleed 
every  time  it  is  changed  to  such  an  extent  as  seriously  to  weaken  the  patient. 
To  prevent  this,  the  green  "  protective  "  oiled  silk  may  be  ai)plied  directly 
to  the  sore  and  covered  with  dry  boracic  lint  or  salicylic  \\'oo\ ;  under  this 
plan  of  treatment  the  dressing  is  perfectly  painless.  If  the  granulations 
become  prominent  they  must  be  touched  Avitli  nitrate  of  silver.  Epithelium- 
grafting  is  often  very  useful  in  hastening  the  healing. 

Prevention  and  Removal  of  Contraction. — As  cicatrization  advances, 


Fig.  12o.— Contraction  of  EUiow  from  Cicatrix 
I  if  Burn  of  Fom-th  Degree. 


Fig.  124.— Contraction  of  Thumb  from  Bum 
of  Fourth  Degree, 
t 


the  part  must  be  fixed  in  a  proper  position  by  means  of  bandages,  splints,  and 
mechanical  contrivances,  specially  adapted  to 
counteract  the  tendency  to  contraction  of  the 
cicatrix,  and  the  consequent  deformity.  This 
is  especially  necessary  in  burns  about  the  neck, 
where  the  chin  is  liable  to  be  drawn  down  on 
the  sternum  ;  and  in  burns  on  the  inside  of  limbs 
or  at  the  flexures  of  joints,  more  especially  the 
elbow,  where  contraction  greatly  impairs  the 
utility  of  the  arm.    (Fig.  123.)    In  bad  burns 
of  the  hands,  the  fingers  may  be  dra^m  into 
and  fixed  upon  the  palm  of  the  hand,  may 
become  webbed  together,  or  may  be  dislocated 
and  fixed  immovably  against  the  dorsum.    The  accompanying  woodcuts 
are  good  illustrations  of  the  bad  efi'ects  of  burns  upon  the  hands.  In  Fig.  125, 
the  little  finger  has  been  dislocated  backwards,  and  fixed  upon  the  dorsum. 


Fig.  125. — Dislocation  backwards  of 
Little  Finger  from  Contraction  of 
tlie  Cicatri.x  of  a  Burn  of  the  Fourth 
Degree. 
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TnFics  390  and  1^7  the  two  hands  were  frigbtfiilly  deformed-the  fingers 
lei^pa  tly  clsmikl,  and  partly  webbed  and  matted  togetber  by  de^e 
cLtridal  Issues.     This  accident  occnrred  in  -^^^^bv  dAw^ 
shirt  takino-  fire.    The  patient  tried  to  extricate  himself  by  diawm,  tne 
bn  l  ino   a^^^^^^^        his  head,  bnt,  the  ^mstbands  l^eing  bnttoned,  ho  coidd 

rJhd^^w  Se  hands,  which'were  frightfully  bnrnt.  ^^f'^^^^^^^ 
thumb  drawn  into  such  a  position  as  to  be  no  longer  capable  ot  being  biought 
into  apposition  to  the  fingers.  ,  ,   i  r  -^^ 

SMlar  oontractioBS  may  occur  in  the  foot,  Icapng  great  f  " 
Fig.  128,  wliere  the  heel  is  shown  to  be  retracted,  and  the  whole  ot  the  toes 


Pi^  120  —Deformity  of  Right  Hand  from  Bui'ii  of 
°  tlie  Fom-tli  or  Fifth  Degree. 


Fi''.  127.— Deformity  of  Left  Hand  from 
"       Bui-n  of  the  Fifth  Degree. 


spread  out  in  a  fan  shape.  In  this  case  amputation  (Pirogoff's)  was  the  only 
means  left  for  securing  au  useful  limb. 

The  contracted  cicatrices  resulting  from  burns  may,  if  of  recent  date,  be 
stretched  out  by  the  pressure  of  strips  of  plaster  or  elastic  bandages,  the 


Fi".  12S.— Deformed  Foot  from  Burn  of  tlie  Fig.  l'2i>.— Warty  Cicatrix  of  Arm  result- 

"         Fourth  and  Fifth  Degrees.  ing  from  action  of  Sulphuric  Acid. 

traction  of  India-rubber  bands,  or  the  action  of  rack-and-pinion  apparatus. 
The  good  effect  of  this  plan  of  treatment  is  especially  marked  in  contractions, 
at  the  elbow,  or  in  those  that  fix  the  arm  to  the  side.    These  means  are  par-- 
ticularly  useful  in  children,  and  indeed  are  so  in  all  cases,  provided  the  cicatrix 
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be  not  too  old — not  more  tlian  a  year  ;  after  that  time,  it  will  seldom  yield 
without  division. 

Corrosive  liquids,  such  as  strong  sulphuric  acid,  when  applied  to  the  surface, 
produce  effects  very  similar  to  those  that  result  from  the  more  severe  degrees 
of  burn  ;  leaving  cicatrices  contracted,  irregular,  and  often,  as  in  Fig.  129, 
rugged  and  warty. 

Operations  for  the  Removal  of  the  Effects  of  Contraction  consequent 
upon  burns  are  occasionally  required  ;  and,  if  judiciously  plan ued  and  executed, 
may  do  much  to  improve  the  patient's  condition.  The  operations  that  are 
practised  with  this  view  are  of  two  kinds  :  1.  Simple  division  of  the  Faulty 
and  Contracted  Cicatrix  ;  2.  The  Transplantation  of  a  flap  of  adjacent  healthy 
Skin  into  the  gap  left  after  the  division  of  the  cicatrix. 

1.  In  the  first  operation,  that  of  simply  Dividing  the  Cicatrix,  thi-ee 
points  require  special  attention  :  1st,  that  the  division  extend  completely 
thi'ough  the  cicatrix  from  side  to  side  into  the  adjacent  healthy  skin  ;  2ncl, 
that  the  incision  be  carried  through  the  whole  depth  and  thickness  of  the 
cicatrix  into  the  healthy  adipose  tissue  beneath  it,  which  may  always  be  re- 
cognized by  its  yellow  colour  ;  ord,  that  all  contracted  bands  lying  in  this 
layer  be  fairly  divided.  The  great  obstacle  to  the  success  of  this  operation, 
however,  consists  in  the  fact  that  the  new  granulations,  which  spring  up  after 
the  di\nsion  of  the  contracted  cicatrix,  in  their  turn  contract  whilst  healing. 
After  the  division  of  the  cicatrix,  also,  it  may  be  found  that  the  subjacent 
structures  have  been  so  rigidly  fixed  in  their  abnormal  position  as  not  to  admit 
of  extension.  It  may  then  be  necessary  to  employ  screw-apparatus,  or  even 
to  divide  fasciae  and  tendons,  before  the  part  can  be  restored  to  its  normal 
shape.  Care  must,  however,  be  taken  in  doing  this,  that  subjacent  structures 
of  importance,  such  as  large  blood-vessels,  or  nerves,  be  not  so  closely  con- 
nected with  the  cicatrix  as  to  render  wound  or  division  of  them  unavoidable. 
In  the  neck,  cicatricial  bands  will  often  come  into  very  dangerous  proximity 
to  the  external  jugular  vein,  which  becomes  greatly  distended  by  the 
pressure  thus  exercised  upon  it.  And  at  the  elbow,  which  is  a  common  seat 
of  contraction  from  burns,  the  brachial  artery  may  become  involved  in  the 
cicatrix  to  a  dangerous  extent.  I  have  heard  of  one  case  in  which  this  vessel 
was  divided  in  cutting  through  the  cicatrix,  when  amputation  of  the  arm  was 
immediately  resorted  to. 

These  operations  are  most  successful  in  cases  of  contraction  at  the  flexures 
of  the  joints.  If  the  contraction  be  of  very  long  standiug,  the  arteries  and 
nerves  will  have  become  shortened,  and  incapable  of  stretching  under  any 
force  that  may  be  safely  employed  ;  hence  they  may  easily  be  t(n-n. 

2.  Oi)erations  that  are  undertaken  for  the  removal  of  the  disfigurements  that 
occur  about  the  face  and  neck  as  the  result  of  burns,  require  much  manage- 

r  ment.  In  these  cases,  simple  division  of  the  cicatrix  is  insufficient ;  and 
I  Transplantation  of  a  Flap  of  Skin  is  required  in  addition.  After  the 
cicatrix  and  all  cicatricial  bands  have  been  freely  divided  in  accordance  with 
tlie  rules  just  given,  a  flap  of  integument,  of  sufficient  size  to  fill  the  greater 
l);irt  of  the  gap,  must  be  dissected  up  from  the  neighbouring  parts  of  the  neck, 
chest,  or  shoulder,  and  laid  into  the  cicatrix.  There  it  should  be  fixed  by  two 
or  three  points  of  suture  ;  but  extreme  care  must  be  taken  tliat  no  traction  be 
put  upon  it,  lest  it  slough.  Union  takes  place  by  the  second  intention  in  tlie 
majority  of  instances  ;  but  a  "\-ery  satisfactoiy  result  is  left,  as  is  shown  by  the 
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annexed  figures  (130,  lol),  taken  before  and  after  operation,  and  as  has  been  . 
ilhistrated  in  many  cases  by  JMiittcr  and  Teale,  wlio  hare  particularly  distin-  • 
guished  themselves  in  such  operations.    The  directions  given  by  Teale  for  the 


Fig.  130. — Cicatrix  of  Li])  and  Neck  before  Fig.  Itil.— Tliu  same  I'alieiit  after  Operation. 

Operation. 


restoration  of  the  lower  lip  when  dragged  down,  everted,  and  partially  destroyed, 
by  cicatrization  following  a  burn,  are  so  simple  and  lead  to  such  excellent 
results,  that  I  give  them  nearly  in  his  own  words.  The  everted  lip  is  divided 
into  three  pai'ts,  l>y  two  vertical  incisions  three-quarters  of  an  inch  long, 


Fig.  Ineinirnisin  Teale's  Fig.  lun.—Tc-ales  Operation  :  tli.- 

Olierntioii    for    Cicatricial  Flaps  in  Place. 

Deformity  of  the  Lower  Lip. 

carried  down  to  the  bone.  These  incisions  are  so  planned  that  the  middle 
portion  between  them  (Fig.  132,  B)  occupies  one-half  of  the  lip.  From  the  lower 
end  of  each  incision  the  knife  is  carried  n]nvards  to  a  point  one  inch  beyond 
the  angle  of  the  mouth  (A).  The  two  flaps  thus  marked  out  are  freely  and 
deeply  dissected  u]-».  The  alveolar  border  of  the  middle  portion  is  then  frcsli- 
ened.  The  lateral  flaps  (Fig.  1 33, 0  A)  are  now  raised,  united  by  twisted  sutures 
in  the  mesial  line,  and  supported  as  on  a  base  by  the  middle  flap,  to  which 
they  are  also  attached  by  a  few  points  of  suture,  leaving  a  triangular  even  sm'- 
face  {V.  C)  to  granulate.  In  adtlition  to  the  division  of  the  cicatrix,  James,  of 
Exeter,  in  these  cases  very  successfully  employed  a  screw-collar,  by  which  the  chin 
can  be  loosened  from  the  steiimm,  and  gradual  extension  of  the  cicatrix  etfected. 

In  severe  burns  of  the  side  of  the  face  and  neck  the  resulting  cicatrix  is 
sometimes  so  dense,  resisting,  and  contracted,  that  immoliility  "of  the  jaw 
results  and  the  mouth  cannot  be  opened,  or  at  most  the  teeth  can  1)C 
separated  only  to  a  slight  extent,  so  as  to  admit  li(piid  nourishment.   In  order 
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to  restore  tlie  mobility  of  the  jaw  and  the  power  of  separatino-  the  teeth  in 
these  cases,  liizzoU  and  Esniarch  have  proposed  making  a  false  joint  in  the 
lower  jaw  on  the  side  burnt,  immediately  in  front  of  che  cicatrix.  Rizzoli 
does  this  by  simple  division  of  the  bone  by  m.eans  of  a  narrow  saw  :  Esmarch 
recommends,  as  a  more  effectnal  procedure,  the  remo\-al  of  a  wedge-shaped 
piece  of  bone  about  three-([uarters  of  an  inch  in  width  above  and  one  inch  in 
width  below.  After  this  has  been  done,  the  patient  will  l)e  able  to  moA  c  the 
jaw  at  the  normal  articulation  on  the  healthy  side  and  at  the  false  joint  where 
the  jaw  has  been  cut  across. 

Warty  Cicatrices. — The  cicatrices  of  burns,  especially  on  tlie  neck  and 
chest,  occasionally  become  after  a  time  projecting,  red,  and  glazed,  as  if 
composed  of  a  mass  of  fungating  graiuilations,  smoothed  down  and  lightly 
skinned  over.  This  condition,  which  may  be  looked  on  as  a  substantive 
disease,  and  resembles  keloid  in  appearance,  has  been  met  with  chiefly  in 
children  ;  but  I  have  several  times  seen  it  in  adults,  especially  in  women 
who  had  been  badly  burnt  by  their  di'esses  taking  fire.  Tn  these  cases  J 
observed  what  I  have  noted  in  other  similar  instances  in  children  ;  that  the 
warty  cicatrices  were  the  seat  of  the  most  intolerable  itching,  which  no  external 
application  seemed  to  reliex  e.  I  have,  however,  seen  the  pruritus  mitigated 
by  the  administration  of  large  doses  of  liquor  potassa3.  If  small  and  narrow, 
these  cicatrices  may  be  dissected  out :  if  large,  they  cannot  be  removed  without 
risk  of  much  haemorrhage,  for,  although  filjroid,  they  are  very  ^'ascular. 

The  cause  of  this  peculiar  outgrowth  of  dense  cicatricial  tissue  is  altogether 
imknown.  It  may  in  some  cases,  perhaps,  be  owing  to  want  of  care  in  checking 
the  luxuriance  of  the  granulations  ;  but  in  other  cases  it  occurs  though  every 
attCTition  is  paid  to  the  healing  of  the  wound. 

The  scars  of  burns  or  scalds  form  the  most  common  seat  of  this  "  false  " 
keloid. 

The  cicatrix  of  a  burn  may  become  the  seat  of  a  malignant  growth  many 
years  afterwards.  I  have  removed  a  large  epithelioma  from  the  cicatrix  of  a 
burn,  on  the  fore-arm  of  a  woman,  seventy  years  after  the  injury  had  Ijcen 
inflicted,  which  happened  when  she  was  three  or  four  years  of  age. 

Primary  Amputation  may  be  required  if  the  burn  have  destroyed  the  whole 
thickness  of  a  limb  ;  the  part  charred  should  then  be  removed  at  once,  at  the 
most  convenient  point  above  the  seat  of  injury.  This  operation  may  be  re- 
quired also  at  a  later  period,  if,  on  the  separation  of  the  eschars,  it  be  found  that 
a  large  joint  has  been  opened,  and  is  suppurating  ;  or  if  the  disorganization  of 
the  limb  be  so  great  as  to  exhaust  the  powers  of  the  patient  in  the  efforts  at 
repair.  Great  caution,  however,  should  be  employed  in  determining  on  the 
propriety  of  primary  amputation  when  the  burn  has  extended,  though  in  a 
minor  degree,  to  other  parts  of  the  body,  lest  the  powers  of  the  patient  be 
insufficient  for  the  double  call  that  will  thus  be  made  upon  them. 

PEOST-BITE. 

When  the  body  has  been  exposed  to  severe  or  long-continued  cold,  we  find, 
as  in  the  case  of  burns,  that  local  and  constitutional  effects  are  produced. 

Local  Influence'  of  Cold.— This  is  manifested  chiefly  on  the  extremities 
of  the  body,  as  the  nose,  ears,  chin,  hands,  and  feet,  where  the  circulation  is 
less  active  than  at  the  more  central  parts.  It  occui'S  to  an  injurious  degree 
chiefly  in  very  young  or  aged  persons,  or  in  those  whose  constitutions  have 
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been  depressed  by  want  of  the  necessaries  of  life.  In  such  persons  frost-bite 
and  the  resulting  gang-rene  are  as  much  due  to  the  habitual  low  vitality  of  the 
extremities  as  to  the  low  temperature  to  which  they  are  exposed. 

The  extreme  parts  of  the  body,  as  the  feet,  more  especially  the  toes, 
necessarily  suffer  most  frequently,  in  many  cases  from  long  exposure  to  wet  at 
low  temperatures  rather  than  to  dry  cold.  The  fingers,  the  tip  of  the 
nose  aud  chin,  and  the  prominences  of  the  cheeks,  are  especially  apt  to 
suffer  from  dry  cold,  more  particularly  when  its  effects  are  much  increased  by 
high  wind  ;  for  it  is  a  well-known  f;ict  that  extremely  low  temperatures 
are  borne  with  impunity  so  long  as  the  air  is  calm,  as,  happily,  it  com- 
monly is  in  these  circumstances.  But  if  a  high  wind  springs  up,  the  heat  of 
the  body  is  so  rapidly  carried  oflF,  that  sudden  congelation  of  exposed  parts 
may  ensue.  It  is  remarkable  how  some  parts  escape.  Thus  the  eyeball  is 
never,  to  my  knowledge,  frozen  so  long  as  life  remains,  and  yet  it  might  be 
supposed  that  the  aqueous  humoiu-  at  least  would  easily  congeal.  The  eyelids 
also,  thin  as  they  are,  commonly  escape  frost-bite. 

The  first  effect  of  cold  is  to  cause  a  contraction  of  all  the  iuvoluntaiy 
muscular  fibre  of  the  part  acted  on.  The  small  arteries  of  the  skin  ])ccome 
so  far  narrowed  that  the  circulation  through  the  part  is  completely  arrested. 
It  becomes  somewhat  shrunken  and  of  a  dead  white  colour.  In  this  condition, 
being  deprived  of  its  natural  source  of  heat,  it  readily  becomes  fi'ozeu  if  exposed 
to  a  sufficiently  low  temperature.  The  experience  of  the  production  of  local 
auEesthesia  by  cold  teaches  us,  however,  that  the  tissues  may  be  completely 
frozen  and  kept  in  that  state  for  a  minute  or  more  without  suffering  any 
injury.  If,  however,  this  condition  be  maintained  for  a  longer  time,  it  is 
evident  that  the  vitality  of  the  part  will  be  gradually  lowered  till  it  is  finally  com- 
pletely extinguished.  So  long  as  the  part  is  kept  ])loodless,  inflammation  cannot 
manifest  itself ;  but  as  soon  as  the  vessels  dilate  on  the  restoration  of  the 
natural  heat  of  the  part,  inflammatory  phenomena  occur  varying  with 
the  degree  of  impairment  of  vitality  that  the  part  has  suffered  during  its 
exposure  to  cold.  If  it  have  been  completely  killed,  the  blood  fails  to  enter 
the  vessels  of  the  dead  part,  which  consequently  remains  white  and  cold  till 
decomposition  sets  in.  If  the  damage  has  been  short  of  this,  the  blood  enters 
the  vessels,  and  all  the  phenomena  of  inflammation  are  developed.  If,  from 
the  too  sudden  thawing  of  the  frozen  part,  a  large  quantity  of  blood  is  admitted 
at  a  high  degi'ee  of  pressure,  abundant  exudation  takes  place  from  the  damaged 
vessels,  great  swelling  and  tension  ensue,  and  the  circulation  may  again'^bc 
arrested,  partly  by  the  pressure  caused  by  the  exudation,  which  may  extino-uish 
such  remains  of  vitality  as  are  left  in  the  tissues,  and  partly  by  the  obstruction 
to  the  circulation  within  the  vessels  from  adhesion  of  the  corpuscles.  Thus  a 
part  which  had  escaped  death  from  the  direct  action  of  the  cold  may  rapidly 
become  gangrenous  after  a  short  period  of  apparent  restoration.  If  it  escape 
gangrene  the  inflanmiation  gradually  subsides,  often  being  accompanied  by 
vesication.  If  the  damage  done  is  still  less,  the  restoration  of  warmth  is  fol- 
lowed merely  by  some  redness  aud  possibly  a  little  swelling  with  much  burning 
pain.  The  eff'ects  of  cold,  in  fact,  form  one  of  the  best  illustrations  of  the 
facts  that  inflammation  is  the  direct  result  of  damage  of  a  part  to  a  decree 
short  of  causing  death,  and  that  the  degree  of  inflammation  is  proportional  to 
the  degTce  to  which  the  vitality  is  lowered. 

When  gangrene  results  it  is  most  commonly  of  the  moist  variety  ;  the  part 
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is  swollen  nnd  black,  finally  it  becomes  dry  and  shrivelled,  and  separates  by 
the  formation  of  a  line  of  nlceration  aronud  it. 

The  Constitutional.  Effects  of  a  low  temperature  need  not  detain  us.  It  is 
well  known  that,  after  exposm-e  to  severe  or  long-continued  cold,  a  feeling  of 
heaviness  and  stupor  comes  on,  and  gradually  creeps  on  to  an  overpowering 
tendency  to  sleep,  which,  if  yielded  to,  terminates  in  coma,  and  a  speedy,  though 
probably  painless,  death. 

Treatment  of  Frost-Bite.— This  consists  in  endeavouring  to  restore  the 
vitality  of  the  frozen  parts.  The  great  danger  is  that  the  circulation  may 
become  again  arrested,  as  above  described,  by  the  sudden  admission  of  a  large 
quantity  of  blood  at  a  high  degree  of  pressure.  In  order  to  ])revent  this 
accident,  the  temperature  nnist  be  elevated  very  gradually  and  with  extreme 
care.  The  patient  should  be  placed  in  a  cold  room,  without  a  fire,  any 
approach  to  which  would  certainly  lead  to  the  destruction  of  the  frost- 
bitten members.  These  must  then  be  gently  rubbed  with  snow,  or  with  cloths 
dipped  in  cold  water,  and  held  between  the  hands  of  the  person  manipulating ; 
as  reaction  comes  on,  they  may  be  enveloped  in  flannel  or  woollens,  and  a  small 
quantity  of  some  warm  liquid  or  spirit  and  water  may  be  administered.  In 
this  way  sensibility  and  motion  will  be  gradually  restored,  often  with  much 
burning  and  stinging  pain,  redness,  and  vesication  of  the  part.  If  gangrene 
have  come  on,  or  if  the  reaction  run  into  sloughing,  the  sphacelated  part,  if  of 
small  size,  should  be  allowed  to  detach  itself  by  the  natural  process  of  separa- 
tion, which  should  be  interfered  with  as  little  as  possible,  the  vitality  of  the 
pai'ts  continuing  at  a  low  ebb,  and  extension  of  gangrene  being  readily  induced. 
If  the  gangrenous  parts  be  of  greater  magnitude,  amputation  may  be  required. 
This  should  be  done  at  the  most  convenient  situation,  as  soon  as  the  line  of 
separation  has  fully  formed. 

If  the  person  who  has  been  exposed  to  cold  be  apparently  dead,  he  must  be 
put  in  a  cold  room,  tlie  temperature  of  which  must  be  very  slowly  raised. 
Friction,  as  just  described,  should  be  practised,  and  artificial  respiration  set 
up.  These  means  must  be  continued  for  a  long  time,  even  if  no  signs  of  life 
appear  :  there  being  on  record  instances  of  recovery  after  several  hours  of 
suspended  animation. 

Chilblain  is  a  mild  form  of  frost-bite  occurring  in  children  and  in  delicate 
adults.  It  occurs  on  the  toes  and  Augers,  and  occasionally  on  other  exposed 
parts,  as  the  nose  or  ear.  It  is  especially  liable  to  occur  in  paralyzed  or 
diseased  limbs.  Most  commonly  the  inflammation  does  not  extend  beyond 
redness  and  swelling,  with  burning  pain  or  intense  itching.  In  more  severe 
cases  the  inflammation  of  the  skin  extends  to  vesication,  and  occasionally, 
when  the  blister  bursts,  a  small  slough  of  the  superficial  part  of  the  cutis,  or  in 
some  cases  even  of  its  whole  thickness,  is  found  beneath.  This  forms  the  so- 
called  "  broken  chilblain." 

Treatment.— Vqij  bad  chilblains  in  children,  or  chilblains  of  any  kind  in 
the  adult,  are  indications  of  some  degree  of  delnlity.  Healthy  exercise,  good 
diet,  warm  clothing,  wash-leather  socks,  and  tonics  are  useful.  Locally,  in 
the  simple  erythematous  stage,  the  application  of  tincture  of  iodine  is  often 
recommended,  or  soap  liniment  to  which  a  little  chloroform  has  been  added. 
Belladonna  and  soap  liniment  in  equal  parts  allays  the  intolerable  itching.  If 
a  slough  forms,  boracic-acid-lint  or  -ointment  forms  a  useful  application. 
Uuguentum  resiuse  hastens  the  heahng. 
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CHAPTER  XITI. 


INJUPJES  OF  BLOOD-VESSELS. 


INJURIES  OP  VEINS. 

Yeins  arc  very  commonly -wounded  suicidally,  accidentally,  or  in  surgical  t| 
operations  ;  but,  unless  they  be  deeply  seated,  their  injuries  are  seldom  ; 
attended  by  any  serious  consequences.    Occasionally  subcutaneous  ru})ture 
or  laceration  of  a  vein  takes  place  from  a  blow  or  strain.    In  such  cases  >\ 
extensive  extravasation  of  jjlood  \\\\\  occur,  Avhich,  however,  usually  undergoes  ■ 
absorption  in  a  few  weeks  ;  but  it  may  suppurate,  or  the  changes  described  at  ; 
p.  295  may  take  place.    Tliis  accident  is  most  coimnonly  seen  in  the  internal 
saphenous  vein. 

There  arc  three  sources  of  danger  in  open  wounds  of  veins.  1 ,  Loss  of  i 
Blood  ;  2,  Septic  or  spreading  inflammation  of  the  vein  ;  3,  Entrance  of  Air  r 
into  the  Circulation. 

1.  A  vein  is  known  to  be  wounded,  when  dark  blood  flows  in  a  rapid  audi 
uniform  stream  from  the  seat  of  injury. 

The  Hsemorrhage  from  a  wounded  A'eiu  may,  if  the  vessel  be  superficial, ., 
be  arrested  by  position,  and  the  pressure  of  a  compress,  with  a  few  turns  of  a  h 
roller.  A  wound  of  one  of  the  larger  veins  of  the  trunk — as  of  the  vena  cava,  J 
innominate,  or  iliac — will  necessarily  prove  rapidly  fatal  from  uncontrollable 
ha3raorrhage.  When  one  of  the  large  external  veins  is  wounded,  such  as  the 
internal  jugular,  the  axillary,  or  the  femoral,  it  should  be  fairly  exposed  and 
tied  with  catgut-ligature  above  and  below  the  wound  in  it.  Langeubeck  has 
in  this  case  advised  that  the  concomitant  artery  should  also  be  tied.  And 
a  jrriori  it  might  be  supposed  that  this  Avould  be  a  wise  precaution.  But 
experience  and  the  result  of  statistical  inquiries  have  ahke  demonstrated  its 
fallacy.  Gross  and  Morris  have  shown  that  the  ligature  of  the  internal  jugular 
when  Avounded  in  operations  about  the  neck  or  in  suicidal  attempts  is  a  very  safe 
procedure — whilst  if  the  common  carotid  be  ligatured  at  the  same  time,  the 
mortality  following  the  double  operation  becomes  very  high.  In  the  extremities 
also  the  simultaneous  ligature  of  the  main  vein  and  artery  is  es])ecially  apt  to 
lead  to  gangrene. 

A  small  puncture  in  a  large  vein  may  be  treated  by  picking  up  the  wall  of 
the  vessel  at  the  injured  spot,  and  applying  a  ligature,  so  as  to  include  the 
opening  without  completely  occluding  the  vein. 

A  wound  in  a  vein  is  closed  in  different  ways  according  to  the  size  of  the 
opening  and  the  mode  of  treatment.  If  the  vein  be  completely  divided  and  a 
ligature  applied,  the  closure  of  the  vein  is  brought  about  in  the  same  way  m 
that  of  an  artery  under  similar  circumstances  (see  Wounds  of  Arteries).  When 
a  wounded  vein  is  treated  by  pressure,  the  lips  of  the  wound  come  in  contaci 
Avith  each  other,  and  union  takes  place  without  permanent  occlusion  of  tlu 
vessel.    If  a  clot  forms  above  and  below  the  point  pressed  upon,  it  is  absorba 
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and  the  canal  of  the  vessel  restored.  At  the  time  when  venesection  was 
commonly  practised,  a  patient  was  often  bled  many  times  from  the  same 
vein  dnring-  the  conrse  of  his  life  withont  its  becoming-  occlnded. 

2.  Sejjtic  and  spreading  inflammation  of  Veins  will  be  described  when  we 
come  to  speak  of  the  varlons  forms  of  venous  thrombosis  and  plilebitis  ;  and 
3,  the  Entrance  of  Air  into  Veins  will  be  discussed  in  a  subsequent  chapter. 

INJURIES    OF   ARTERIES.  Q  ^ 

Arteries  may  be  bruised,  torn,  punctured,  or  cut. 

Contusion. — A  slight  bruise  of  an  artery  is  not  attended  by  any  bad  con- 
sequences ;  but,  if  the  contusion  be  sufficiently  severe  to  damage  the  coats, 
the  artery  may  become  plugged  with  an  adherent  clot,  and  finally  occluded. 
This  clot  may  be  deposited  gradually,  so  that  the  obstruction  of  the  vessel  may 
not  be  complete  till  some  days  after  the  accident.  Thus,  a  patient  was 
admitted  into  University  College  Hospital  under  Mr.  Quain,  with  a  contused 
wound  in  the  axilla,  received  in  falling  upon  some  iron  railings;  no  change 
took  place  in  the  circulation  of  the  arm  for  two  days,  when  pulsation  in  the 
radial  artery  ceased,  the  injured  vessel  having  evidently  become  plugged  by 
a  clot. 

Rupture  and  Laceration. — An  artery  may  be  torn  either  partially  or 
completely  across.  AVhen  Partial  Rupture  occurs,  the  internal  and  middle 
coats  only  give  way,  the  toughness  of  the  external  coat  preventing  its 
laceration.  This  accident  is  especially  apt  to  occur  in  consequence  of  blows 
or  strains  upon  diseased  or  weakened  vessels,  and  may  possibly  lay  the 
foundation  for  dissecting  and  other  aneurisms.  In  other  cases,  the  raptured 
portion  of  the  coats  becomes  turned  down  into  the  inside  of  the  vessel,  and, 
acting  as  a  valve,  prevents  the  further  progress  of  the  blood  through  it ; 
more  commonly  the  partially  ruptured  vessel  becomes  blocked  by  a  clot 
adherent  to  the  injured  spot.  Occlusion  of  an  artery  in  this  way  may  give 
rise  to  gangrene,  but  as  a  rule  the  collateral  circulation  is  sufficient  to  main- 
tain the  vitality  of  the  parts  beyond  the  obstruction. 

A  similar  condition  of  partial  rupture  may  occur  in  wounds  from  blunt 
instruments.  Thus,  a  case  occuiTcd  at  the  London  Hospital,  in  which  a 
suicidal  wound  of  the  throat  had  exposed  the  carotid  artery.  After  death,  it 
was  found  that  the  inner  and  middle  coats  of  the  vessel  had  been  divided  by 
the  pressure  of  the  knife,  which  was  blunt,  but  that  the  external  coat  had  been 
left  entire  ;  and  under  this  was  a  dissecting  aneurism. 

The  Complete  Rupture  of  an  artery  may  occur  either  in  an  open  wound 
or  under  the  integimients.  AVhen 
an  artery  is  torn  across  in  an 
open  wound,  as  in  the  avulsion  of 
a  limb  by  machinery,  or  by  a  can- 
non-shot, there  is  usually  but 

liftlo  lT^^i-r.rM.vlTifvn  OT'on  frrnn  ^'ife'-  134.-Coiiiiiletc  Rnpture  of  an  Artery.- Vessel  laid 
Uttle    naamOUnage,    e\en     nom       <=  I,mer  and  miadlc  coats  broken  short,  outer 

arteries  of  the  magnitude  of  the         coat  drawn  out. 
axillary  or  the  femoral,  and  though 

the  vessel  hang  out  of  the  wound,  pulsating  to  its  very  end.  The  absence 
of  bleeding  is  owing  to  the  internal  and  middle  coats,  which  arc  fi-agile, 
breaking  oiF  short  and  contracting  somewhat ;  wliile  the  external  coat  and 

c  c  2 
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the  sheath  of  tlie  vessel,  being  elastic,  are  dragged  down  and  twisted  over  the 
torn  end  of  the  artery,  so  as  completely  to  prevent  the  escape  of  blood. 
(Fig.  134). 

When  tlie  laceration  of  the  artery  is  subcntaueous,  as  occasionally  happeiiss 
in  the  attempted  reduction  of  an  old  dislocation  of  the  shoulder,  the  artery  isv 
not  as  a  rule  completely  torn  across,  and  then  either  extensive  extravasation, . 
or  one  or  other  of  the  varieties  of  Traumatic  Aneurism,  to  be  described  in  i 
Chapter  XY.,  may  be  produced. 

In  Penetrating  Wounds  of  an  artery,  there  is  always  hemorrhage  of  am 
arterial  character,  unless  the  puncture  be  so  fine  as  to  be  closed  by  the  mere:' 
elasticity  of  the  coats  of  the  vessel.  Thus,  j\Iaisonneuve  has  shown  that  an ; 
arteiy  may  be  punctured  with  a  fine  needle,  without  any  haemorrhage  or  other, 
unfavourable  event  resulting.  If,  however,  the  puncture  be  larger  than  this,-,- 
being  made  by  a  tenaculum  or  hook,  it  does  not  commonly  close  in  this  way  ;J 
and,  if  hasmorrhage  do  not  take  place  immediately,  it  will  probably  come  on 
in  the  course  of  a  few  hours  or  days,  from  ulceration  of  the  vessel.  If  the  ' 
wound  be  still  larger,  there  is  always  an  amount  of  immediate  haimorrhage ; 
proportionate  to  its  size  and  to  that  of  the  vessel. 

Direction  of  the  wound  in  the  artery  influences  materially  its  cha- 
racters. If  the  cut  be  parallel  to  the  axis  of  the  vessel,  there  is  less  tendency 
to  gaping  of  the  edges  than  if  it  be  oblique.  In  tranverse  wounds  of  arteries, 
the  retraction  of  the  coats  is  so  great  as  to  cause  the  wound  to  assume  some- 
what of  a  circular  appearance.  If  the  artery  be  cut  completely  across,  there< 
is  always  a  less  degree  of  hremou'liage  than  when  it  is  partially  divided  ;  for 
the  retraction  and  contraction  of  the  cut  ends  may  then  be  sufficient  to  closB'. 
the  vessel,  whereas  they  enlarge  the  aperture  when  it  is  merely  wounded.' 
When  the  wound  in  the  artery  is  subcutaneous,  communicating  only  by  an 
oblique  and  narrow  aperture  with  the  surface,  little,  if  any,  external  hemor- 
rhage takes  place,  but  extravasation  of  blood  occurs.  The  extravasation  may 
either  be  poured  into  one  of  the  serous  cavities,  or  it  may  be  diffused  in  the 
areolar  tissue  of  the  limb  or  part,  infiltrating  it  deeply  and  extensively,  and 
perhaps  by  its  pressure  ultimately  producing  gangrene  ;  or  it  may  be  efl^used 
in  a  more  circumscribed  manner,  giving  rise  to  one  or  other  of  the  forms  of 
traumatic  aneurism  (see  Chapter  XV.). 

H^aSMORRHAGE  PROM  WOUNDED  VESSELS. 

Local  Signs. — The  characters  of  the  bleeding  or  haemorrhagfe  dififer  accord- 
ing  to  the  nature  of  the  vessel,  from  which  the  blood  escapes.  When  a  Vein 
is  wounded,  the  blood  that  is  poured  out  is  of  a  dark  colour,  and  flows  in  a 
uniform  stream  ;  the  force  with  whicli  this  is  projected  depending  on  the 
conditions  in  which  the  wounded  vein  is  placed.  If  there  be  any  pressm'e 
between  the  wound  and  the  heart,  as  of  a  ligature  upon  the  vessel  ;  if  the 
position  of  the  part  be  such  as  to  favour  the  gravitation  of  blood  towards  the 
wound  ;  or  if  the  muscles  of  the  limb  be  made  to  contract — the  force  of  the 
flow  of  blood  will  be  increased. 

When  an  Artery  is  wounded,  the  blood  that  escapes  is  of  a  bright  scarlet 
colour.  It  floAYS  by  jets,  synchronous  with  the  contractions  of  the  left  ven- 
tricle ;  between  the  jets  the  flow  does  not  cease,  but  the  column  of  blood 
falls  in  height.  In  the  great  majority  of  cases  the  jet  comes  only  from  the 
proximal  aperture,  dark  blood  issuing  from  the  distal  opening  in  a  continuous 


CONSTITUTTOJS-AL  EFFECTS  OF  ILEMORRIIAGE.  389 


and  trickling-  stream  ;  but  in  some  situations  a  jet  of  blood  of  arterial  charac- 
ter may  issue  from  the  distal  as  well  as  from  the  proximal  end  of  the  cut 
vessel,  as  in  wounds  of  the  palmar  and  plantar  arches,  or  of  the  arteries  of  the 
forearm.  As  the  blood  flows,  the  jet  lessens  in  height,  in  consequence  of  the 
weakening  of  the  heart's  action.  The  height  and  force  of  the  jet  in  all  cases 
depend  greatly  on  the  size  of  the  vessel ;  thus  the  jet  from  the  femoral  artery 
is  stronger  than  that  from  a  muscular  branch  of  the  thigh.  AVhen  a  small 
arterial  branch  is  wounded  near  its  origin  from  the  main  trunk,  the  jet  will 
always  be  forcible  and  free  ;  so  also  the  proximity  to  the  centre  of  the  circula- 
tion will  influence  materially  the  force  with  which  the  blood  is  propelled  from 
the  wound  in  the  vessel. 

Extravasation. — When  the  blood  is  not  poured  out  on  the  surface,  but 
escapes  from  a  wounded  vessel  into  the  areolar  tissue  of  a  part,  the  substance 
of  organs,  or  internal  cavities,  it  is  termed  an  Extravasation.  In  these  cases 
there  are  not  the  ordinary  local  signs  of  an  external  haemorrhage  ;  but  other 
local  phenomena,  such  as  swelling,  dulness  on  percussion,  displacement  of 
organs  or  parts,  discolouration  of  the  skin  and  subjacent  areolar  tissue,  indicate 
that  blood  is  being  poured  out  subcutaneously  ;  and  we  judge  of  the  quantity 
of  the  blood  that  has  escaped,  not  only  by  the  extent  of  these  local  phenomena, 
but  by  the  general  effect  produced  upon  the  system  by  its  loss. 

Constitutional  Effects  of  H.emoerhage. — These  depend  upon  the 
quantity  of  blood  lost,  on  the  rapidity  with  which  it  is  poured  out,  and  on  the 
state  of  the  patient's  constitution. 

-  When  a  large  quantity  of  blood  is  suddenly  lost,  as  when  a  main  artery  is  cut 
across  or  an  aneurism  bursts,  the  patient  may  die  forthwith  ;  he  falls  down  hi 
a  state  of  syncope,  with  a  pale  cold  surface  and  lividity  about  the  lips  and 
eyes,  gasps  a  few  times,  sighs,  is  very  restless,  and  suffers  convulsive  move- 
ments of  the  limbs  before  he  expires.  If  the  quantity  lost  be  not  so  great  as 
to  produce  death,  though  still  very  considerable,  the  patient  becomes  faint 
and  sick,  with  coldness  and  pallor  of  the  surface,  profuse  perspiration,  great 
restlessness  and  agitation,  thirst,  noises  in  the  ears,  and  failure  or  complete 
loss  of  sight.  Although  the  surface  of  the  body  is  colder  than  natural,  the 
patient  often  complains  of  feeling  hot,  and  throws  oft'  the  bed-clothes.  The 
respiration  is  deep  and  sighing,  and  one  of  the  most  distressing  symptoms  is  a 
sensation  of  want  of  breath.  If  the  quantity  lost,  though  considerable,  be  not 
so  great  as  this,  or  be  spread  over  a  greater  interval  of  time,  so  that  the  patient 
is  enabled  to  rally  between  the  recurrences  of  the  hi\3morrhage,  a  state  of 
ansemia  will  be  induced,  characterized  by  pallor  of  the  skin  and  of  the  mucous 
membranes,  palpitation  of  the  heart,  rushing  noises  in  the  head,  a  tendency  to 
syncope  when  in  the  erect  position,  oedema  of  the  extremities,  and  general 
debility  of  the  system. 

After  excessive  loss  of  blood  the  patient  may  gradually  rally,  and,  as  the 
vital  fluid  is  reproduced  in  his  system,  he  may  recover  without  any  bad  effects  ; 
or  he  may  fall  into  a  state  of  anaemia,  which  may  perhaps  never  be  completely 
recovered  from,  and  may  be  associated  with  various  forms  of  local  debility  and 
disturbance  of  functions.  After  very  abundant  loss  of  blood,  the  pulse  often 
assumes  a  character  which  has  been  termed  the  "  haemorrhagic  pulse."  Its 
frequency  is  greatly  increased,  and  the  wave  of  the  pulse,  as  felt  at  the  wrist, 
is  much  larger  than  natural,  the  coats  of  the  artery  being  relaxed  fi'om  want 
of  tone,  and  the  vessel  imperfectly  filled  with  blood.    At  the  same  time  there 
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may  l^e  some  slight  fever.  The  rallying  power  is  greater  in  joung  adults  than 
in  old  people,  and  greater  in  women  than  in  men.  Children  bear  the  loss  of 
blood  badly — a  very  small  hasmorrhage  may  induce  fatal  syncope  in  infants. 
In  advanced  life  blood  is  slowly  reproduced  ;  and  a  great  loss  of  so  complex  a 
fluid,  whether  by  accident  or  in  an  operation,  is  seldom  completely  recovered 
from,  and  predisposes  to  the  development  of  secondary  diseases  of  various 
kinds.  As  has  already  been  stated  at  p.  IG,  it  is  in  this  way  that  excessive 
loss  of  blood  at  an  operation,  as  for  stone  in  an  aged  man,  often  proves  ■ 
indirectly  fatal. 

Arterial  ha3morrhage  is,  as  a  rule,  more  dangerous  than  venous,  as  the  loss 
of  blood  is  more  rapid  and  sudden,  and  the  eifcct  produced  is  proportionally  ■ , 
greater.  The  body  of  a  person  who  has  died  from  the  effects  of  haimorrhage  i 
presents  a  peculiarly  blanched,  semi-transparent,  waxen  look  ;  the  lips,  alaj  of  :'' 
the  nose,  and  finger-nails,  have  a  somewhat  livid  appearance,  contrasting, 
strongly  with  the  clear,  yellowish-white  hue  of  the  general  surface. 

Treatment. — The  General  Treatment  of  hemorrhage  is  sufficiently  simple.'. 
After  the  flow  of  blood  has  been  arrested  by  proper  local  means,  such  as  willil 
hereafter  be  described,  the  effects  of  its  loss  are  usually  speedily  recovered  fromu 
by  rest  and  good  nourishment.  In  some  cases,  however,  the  health  becomes  s 
permanently  impaired,  and  a  state  of  chronic  anajmia  is  induced  ;  which,  not-  ■ 
withstanding  the  administration  of  preparations  of  iron,  may  continue  tln-oughli 
hfe. 

When  the  loss  of  blood  is  considerable,  it  may  be  necessary  to  have  recourse  i 
to  immediate  measm-es  in  order  to  prevent  the  syncope  from  being  fatal.  ! 
With  this  view  the  patient  should  be  laid  recumbent,  with  the  head  low  ;  and'i 
pressure  may  be  exercised  upon  the  abdominal  aorta  or  the  main  arteries? 
of  the  limbs,  or  Esmarch's  elastic  bandage  and  tourniquet  may  be  applied,  sO' 
as  to  confine  the  blood  as  much  as  possilile  to  the  head  and  trunk,  and  thus  - 
maintain  a  good  supply  to  the  brain  and  lungs.    If  death  appear  imminent 
from  the  effects  of  the  hsemorrhage,  as  happens  in  some  cases  of  flooding, 
recourse  may  be  had  to  transfusion  of  blood  ;  the  influence  of  which,  in 
restoring  the  failing  powers  of  the  heart  and  nervous  system,  is  immediate 
and  most  striking,  and  the  value  of  which  has  been  unquestionably  determiiuV! 
by  the  observations  of  Blundell  and  other  obstetricians. 

Operation  of  Transfusion. — x4.1though  there  is  reason  to  believe  that 
Transfusion  of  Blood  was  not  unknown  to  the  ancients,  and  the  method 
by  which  it  could  be  practised  was  distinctly  described  by  Libavius  in  Kilo, 
little  was  done  on  the  subject  until  Sir  Christopher  Wren,  in  1G57,  proposed 
and  practised  the  operation  of  injecting  medicated  liquids  into  the  veins  oi 
animals.  Transfusion  was  first  performed  on  man  in  France,  by  Denis  and 
Emmerets,  on  June  15,  1(507.  In  November  of  the  same  year,  it  was  done  in 
this  country  by  Drs.  Lower  and  King.  In  the  early  experiments,  the  blood  of 
sheep  and  calves  was  used.  The  most  extravagant  ideas  were  formed  as^to  the 
utility  of  transfusion.  It  was  supposed  to  be  capable  of  curing  diseases  by 
substituting  the  blood  of  a  healthy  animal  for  that  of  a  diseased  person,  of 
removing  insanity  by  the  injection  of  the  blood  of  animals  of  a  gentle  and 
docile  character  into  the  veins  of  a  maniac,  and  of  prolonging  life  indefinitely. 
These  pretensions  led  to  a  scientific  controversy  of  the  most  violent  kind ;  and, 
some  deaths  having  occurred  from  the  practice,  partly  in  consequence  of  the 
rude  and  imperfect  instruments  used,  transfusion  was  prohibited  in  France 
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and  fell  into  disrepute  in  England.  Although  the  subject  was  occasionally 
revived,  little  attention  was  paid  to  it  until  about  fifty  years  ago,  when  trans- 
fusion was  again  practised  by  Dr.  Blundell,  who  wisely  restricted  its  employ- 
nient  to  those  cases,  occurring  chiefly  in  obstetric  practice,  in  which,  in 
consequence  of  sudden  and  i)rofuse  hainiorrhage,  the  patient  is  threatened  with 
fatal  syncope.  Dr.  Blundell  invented  a  syringe  by  which  tiie  operation  might 
he  performed  more  safely  than  heretofore  ;  and  by  his  practice,  experiments, 
and  arguments,  established  the  system  on  a  secure  basis. 
Transfusion  is  either  mediate  and  indirect,  when  the  blood  is  first  received  in 


Fig.  135. — Aveling's  Method  of  inimecliate  Transfusion.    A,  Ann  of  Donor ;  B,  Ann  of  Recipient. 

a  vessel  or  syringe,  and  then  injected  into  the  veins  of  the  patient ;  or  imme- 
diate and  direct,  when  a  direct  communication  is  established  between  the  vein  of 
the  donor  and  that  of  the  recipient. 
Until  recently  the  mediate  method  was 
almost  invariably  employed,  but  this  is 
attended  by  two  sources  of  danger, 
which  no  mechanical  provisions  are 
sufficiently  accurate  entirely  to  pre- 
vent, viz.,  the  introduction  of  air,  and 
the  coagulation  of  the  blood.  Dr. 
Aveling  in  1873  introduced  a  method 
of  immediate  transfusion  by  which 
these  difficulties  are  to  a  great  extent 
overcome  by  the  employment  of  the 
apparatus  which  is  seen  in  operation 
in  Fig.  185. 

Aveling's  transfusion  apparatus  consists  of  two  silver  bevel-ended  tubes,  one 
of  which  is  introduced  into  the  vein  of  the  donor,  the  other  into  that  of  the 
recipient.  The  ^'cin  should  be  opened  as  recommended  by  Aveling,  by  expos- 
ing the  vessel,  and  then  making  a  sharp  cut  into  it  (Fig.  130),  otherwise  it  is 
almost  impossible  to  insert  a  cannula  into  the  collapsed  vein  of  the  recipient. 
The  India-rubber  part  of  the  apparatus  is  filled  with  warm  water,  which  is 
retained  there  by  turning  the  two  stop-cocks.  It  is  then  fitted  on  to  the 
tubes  in  the  veins,  and  the  stop-cocks  opened.  The  India-rubber  tube  on  the 
side  of  the  donor  is  then  compressed,  and  the  bulb  slowly  squeezed,  so  as  to 
empty  the  water  which  it  contains  into  the  recipient  vein.    The  tube  on  the 


Fig.  136. — Introduction  of  Transfusion  pipe  into  Vein. 
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recipient's  side  is  then  compressed,  and  that  on  the  donor's  opened ;  the  bulb 
slowly  fills  with  blood,  which  is  then  injected  by  compressing  the  donor's  and 
opening  the  recipient's  end  of  the  tube,  and  so  alternately  until  a  sufficient 
quantity  is  thrown  in.  Each  compression  of  the  bulb  throws  in  three  drachms 
of  blood. 

In  the  absence  of  Aveling's  apparatus  immediate  transfusion  can  be  carried 
out  without  difficulty  by  means  of  two  cannulas  of  glass  or  metal  connected 
by  means  of  an  India-rubber  tube.  The  difl'erence  in  pressure  in  the  veins  of 
the  donor  and  the  recipient  is  quite  sufficient  to  cause  the  blood  to  flow 
through  the  tube. 

A  very  ingenious  but  somewhat  complicated  apparatus  was  exhibited  in  this 
country  in  1877  by  Dr.  Roussel  of  Geneva.  In  the  hands  of  its  inventor  it 
works  admu-ably,  but  it  is  too  complicated  and  too  likely  to  get  out  of  order 
to  be  of  much  practical  use. 

In  case  no  special  apparatus  is  at  hand  with  which  to  perform  the  operation 
the  Sm-geon  may  readily  perform  the  operation  of  mediate  transfusion  with 
an  ordinary  hydrocele  or  aspirator  syringe,  and  it  is  then  safer  to  defibrinate 
the  blood  to  avoid  the  accidental  introduction  of  clots  into  the  circulation. 
Panum,  of  Copenhagen,  has  clearly  shown  by  numerous  experiments  that 
the  fibrin  is  not  in  any  way  necessary  to  the  success  of  the  operation.  He 
recommends  that  the  blood  be  di'awn  into  a  cup  kept  warm  in  a  basin  of  hot 
water.  It  is  then  to  be  well  whipped,  filtered  through  a  fine  cloth,  and 
injected.  The  most  essential  part  of  the  blood  is  the  red  corpuscles,  which 
are  wanted  to  serve  as  carriers  of  oxygen.  The  removal  of  the  fibrine  in  this 
way  materially  facilitates  the  operation. 

Whatever  form  of  apparatus  is  used,  care  must  be  taken  to  prevent  the 
accidental  injection  of  air  into  the  vein.  The  introduction  of  a  mere  bubble 
of  air  will  not  cause  any  serious  consequences,  although  even  this  should  if 
possible  be  avoided.  All  tubes,  therefore,  and  the  caunulEe  must  be  filled  with 
water  before  the  apparatus  is  set  to  work.  If  transfusion  be  determined  on,  it 
should  not  be  delaj^ed  until  the  last  moment,  when  the  agony  of  death  has 
already  commenced  ;  for  then  the  actions  of  the  nervous  and  circulatory 
systems  may  be  so  impaired  that  the  patient  is  no  longer  recoverable,  or,  if 
temporarily  so,  will  speedily  relapse  and  die. 

Transfusion  has  seldom,  if  ever,  been  of  any  material  service  after  serious 
surgical  operations,  such  as  removal  of  very  large  and  vascular  tumours, 
amputation  at  the  hip,  and  the  like.  In  these  cases  the  patient  is  more  often 
perishing  from  shock  than  from  actual  loss  of  blood  ;  and  consequently,  trans- 
fusion fails  to  produce  much  effect.  Transfusion  is  best  adapted  to  very  great 
and  sudden  losses  of  blood  from  small  wounds  implicating  a  large  vessel  or 
from  secondary  haemorrhage. 

Other  fluids  have  been  used  instead  of  blood,  as  milk,  and  saline  solutions  of 
various  kinds.  Thomas  and  Howe  in  America,  and  Meldon  in  Dublin,  have 
shown  that  a  quantity  of  freshly-drawn  milk,  not  exceeding  4J-  oimces,  ma}' 
be  injected  without  injurious  effects.  It  seems  to  possess  "few,  if  any, 
advantages,  however,  over  the  injection  of  a  properly  prepared  saline  solution'. 
Some  cases  have  lately  been  pul)lished  by  Jennings  and  Coates  {Lancet,  1882), 
in  which  this  treatment  has  been  very  successfully  adopted  in  post-partum 
hfemorrhage.  The  solution  used  was  that  recommended  by  Little  in  the 
treatment  of  cholera  by  saline  injections  into  the  veins,  and  was  composed 


SAinVE  SOLUTION  FOE  TRANSFUSION. 


of  the  following : — Chloride  of  sodium,  50  grains ;  cliloride  of  potassimn, 
3  grains ;  sulphate  of  soda  and  carbonate  of  soda,  of  each  25  grains  ; 
phosphate  of  soda,  2  grains  ;  water,  1  pint.  The  solution  should  be  of  a 
temperature  of  from  98°  to  100°  Fahr.  "Whatever  fluid  be  injected,  w^hether 
blood,  milk,  or  the  saline  solution,  the  quantity  must  be  regulated  by  the 
eflfect.    A  few  ounces  will  usually  be  found  sufficient. 
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CHAPTER  XIV. 


ARREST  OF  ARTERIAL  HAEMORRHAGE. 


The  arrest  of  arterial  hasmorrhage  is  perhaps  the  most  important  topic  that 
can  engage  the  Surgeon's  attention,  for  on  the  safe  accomphshment  of  this  the  ■ 
success  of  every  operation  is  necessarily  dependent.  In  studying  this  subject . 
we  must  first  investigate  the  Means  that  are  adopted  by  Nature  for  the  Sup-  • 
pression  of  Heemorrhage  ;  and,  secondly,  the  imitation  of  these  by  Surgical  I 
Art. 


The  history  of  the  investigations  into  the  means  adopted  by  nature  for  the ' 
arrest  of  hemorrhage  is  full  of  interest  to  the  Surgeon,  and  is  excellently  given  i 
in  Dr.  J.  F.  D.  Jones's  work  on  Hajmorrhage.  Xo  subject  in  surgery  aJBPords- 
stronger  evidence  of  the  advantage  of  the  application  of  "  Experimental  I 
Pathology "  to  practice,  than  this,  as  our  knowledge  of  it  has  been  wholly  • 
gained  by  experiments  on  the  lower  animals  ;  and  by  the  sacrifice  of  the  lives  * 
of  a  few  dogs,  donkeys,  and  calves,  those  of  hundreds — probably  of  thousands ' 
— of  human  beings  are  annually  preserved. 

Petit,  who  published  se^'eral  memoirs  on  this  subject  in  1731  and  following: 
years,  states  that  hasmorrhage  is  arrested  by  the  formation  of  two  clots — one  ■ 
outside  the  vessel,  which  he  calls  the  "  C'oiivcrcle,''''  or  Cover  ;  the  other  inside, , 
the  "  Bouclion,'"  or  Plug — the  first  being  formed  by  the  last  drops  of  blood  i 
that  issue,  the  second  by  the  few  drops  that  are  retained.  These  clots  by  their  f 
adhesion  to  the  internal  coat  of  the  vessel  and  to  the  orifice,  he  says,  stop  the 
bleeding.  When  a  ligature  is  applied,  a  similar  clot  forms  above  it.  He: 
recommends  compressiou,  and  the  support  of  the  clot. 

Morand,  in  1731!,  added  much  of  interest.  He  admitted  the  formation  off 
coagula,  but  insisted  on  the  importance  of  the  changes  in  the  artery  itself ; : 
which,  he  showed,  became  corrugated,  contracted,  and  retracted.  "jMorandl 
entertained  erroneous  views  as  to  the  structure  and  functions  of  arteries,  but  lief 
established  the  great  fact  that  changes  occur  in  the  artery  itself.  Sharp,  in;i 
the  second  edition  of  his  work  on  Operative  Surgery,  published  in  1731),  sup- 
ported the  same  doctrine. 

Kirkland,  in  17G3,  wrote  an  excellent  treatise  on  the  subject.  He  showed 
that  hemorrhage  was  lessened  by  swooning,  and  that  an  artery  contracted  up 
to  its  nearest  collateral  branch  ;  and  he  was  of  opinion  that  the  coagulum  did 
not  arrest  the  bleeding.  His  views  were  adopted  and  supported  by  White. 
Gooch,  Aikin,  and  other  surgeons  of  his  day. 

J.  Bell  took  a  retrogTade  step  by  denying  the  retraction  and  contraction  of 
the  artery,  and  the  importance  of  the  internal  coagulum,  and  by  attributing 
the  arrest  of  hemorrhage  solely  to  the  iujecting  of  the  surrounding  areolar 
tissue  with  blood. 
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It  was  not  until  1805,  that  Dr.  Jones,  by  a  scries  of  admirably  condncted 
investigations,  finally  determined  the  mode  m  which  the  arrest  of  htumorrhage 
takes  place.  Since  his  time  but  little  has  been  added  to  our  knowledge  of  the 
subject,  so  complete  and  exhaustive  was  his  examination  of  it. 

The  Natural  Arrest  of  Arterial  Hmnarrhage  is  effected  by  means  that  in  the 
first  instance  are  temporary,  but  afterwards  permanent. 

Te:\iporary  Means. — The  means  which  arrest  temporarily  the  flow  of  blood 
from  an  artery  are  threefold.  If  the  vessel  be  small,  as  the  facial  or  radial, 
these  means  are  suflicient  hi  many  cases  to  stay  the  htemorrhagc  without  tlie 
interference  of  the  Surgeon  ;  and,  whatever  be  the  size  of  the  vessel,  his  opera- 
tions are  materially  assisted  by  the  efibrts  which  nature  makes,  though  they 
may  be  sometimes  unsuccessful,  to  prevent  a  fatal  escape  of  blood.  They 
consist  in  : 

1.  The  Coagulation  of  and  an  Alteration  in  the  Constitution  of  the  Blood  ; 

2.  A  Diminution  of  the  Force  of  the  Heart's  Action,  and  consequently  of 
the  pressure  on  the  inner  coat  of  the  vessel  ; 

3.  Certain  Changes  effected  in  and  around  the  Artery. 

1.  The  Coagulation  of  the  Blood  in  and  around  the  wounded  artery  is 
the  most  important  means  adopted  by  nature  for  the  arrest  of  hcemorrhage. 
Were  it  not  for  the  property  of  coagulation  possessed  by  the  blood,  that  fluid 
would  continue  to  drain  away  from  any  cut  artery,  however  small,  until  hfe 
became  extinct.  But  the  coagulation  of  the  blood  is  sufficient  of  itself  in  all 
arteries  below  a  certain  size,  to  close  the  opening  in  the  vessel,  and  so  to  arrest 
the  further  escape.  The  Alteration  that  takes  2Jlace  in  the  Blood,  as  was  first 
pointed  out  by  Hewson,  consists  in  an  increase  of  its  coagulability  as  it 
flows. 

2.  The  Diminution  in  the  Force  of  the  Heart's  Action,  owing  to  the 
patient  becoming  faiut,  exercises  a  very  material  influence  in  arresting  the 
floAV  of  blood  from  an  artery.  The  forcible  manner  in  which  the  jet  of  blood 
is  propelled  at  each  systole  of  the  ventricle,  is  the  principal  obstacle  to  the 
formation  of  an  adherent  blood-clot  around  and  within  the  cut  vessel  ;  for  so 
long  as  the  jet  is  more  powerful  than  the  cohesion  of  the  clot,  it  will  certainly 
wash  the  coagulum  a\\'ay.  As  the  blood  flows,  and  the  heart's  impulse 
gradually  lessens  in  force,  the  jet  falls  lower  and  lower ;  until  at  last,  when 
faintness  comes  on,  it  is  almost  entirely  arrested,  and  time  is  afforded  for  the 
formation  and  the  deposit  of  a  coagulum  in  the  vicinity  of  the  wound.  The 
collapse  consequent  on  excessive  and  sudden  loss  of  blood  may  therefore  be 
looked  upon  as  one  of  the  j)rovisions  of  nature  for  the  safety  of  the  patient, 
and  should  therefore  not  be  too  speedily  counteracted  by  stimulants  or  in  any 
other  way. 

3.  The  Changes  that  take  place  in  and  around  the  Vessel  itself  are 

those  upon  which  the  final  arrest  of  the  bleeding  is  dependent.  They  consist 
in  the  Retraction  of  the  artery  within  its  sheath,  in  the  Coniraction  of  the 
cut  ends,  and  in  the  Foriimtion  of  a  Goaguhmi  around  its  exterior,  and  in  its 
interior. 

When  an  artery  is  cut  across  its  longitudinal  elasticity  causes  it  imme- 
diately to  retract  within  its  sheath,  and  at  the  same  time  its  orifice  is 
narrowed  by  the  contraction  of  the  muscular  fibre-cells  of  the  middle  coat  in 
consequence  of  the  stimulation  of  the  mechanical  violence.  As  the  artery 
retracts  the  interior  of  the  sheath  is  left  rough  and  uneven.    Through  this 
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uneveu  channel  the  blood  is  projected,  either  flowing  away  freely  exterually  or 
being  extravasatcd  into  the  neighbouring  areolar  tissue,  according  to  the  direc- 
tion and  state  of  the  wound.  As  the  blood  flows  over  the  roughened  surface 
of  the  sheath,  it  becomes  entangled  in  the  fibres,  and  tends  to  coagulate  upon 
thcra  ;  this  tendency  to  coagulation  is  favoured  by  the  increased  plasticity  of 
the  blood  as  it  flows,  and  by  the  diminution  of  the  propulsive  force  with  which 
it  is  carried  on.  By  the  conjoined  operation  of  these  causes  a  coagulum  is 
formed,  which,  though  lying  within  the  sheath,  is  outside  the  artery,  and 
extends  beyond  it ;  and  is  hence  termed  the  external  coagulum.  It  is 
usually  somewhat  cylindrical,  and  often  looks  like  a  continuation  of  the  vessel, 
being  at  first  perforated  by  a  hollow  track,  through  which  the  stream  of  blood 
continues  to  flow.  As  it  increases  in  size,  the  hollow  becomes  closed  by  the 
concentric  deposit  of  coagulum.  The  hollow  track  leading  from  the  surface  of 
the  coagulum  to  the  wound  in  the  artery,  has  been  especially  described  and 
dwelt  upon  by  Amussat.  This  coagulmn.  acts  mechanically  by  blocking  up 
the  end  of  the  artery,  and  thus  constitutes  the  first  barrier  to  the  ha3morrhage. 
The  formation  of  the  external  coagulmn  thus  greatly  ftivours  the  retraction  of 
the  artery  within  its  sheath. 

Simultaneous  with  the  changes  that  have  just  been  described  is  the  con- 
traction of  the  cut  artery  which  commences  immediately  after  its  divi- 
sion, and  may  of  itself  be  sufficient  to  close  a  small  vessel.  Thus,  during  an 
operation,  we  may  often  see  the  mouth  of  an  artery  which,  when  first  cut, 
spouted  out  a  stream  of  blood  as  large  as  a  straw,  gradually  diminish  in  size 
until  it  ceases  to  bleed,  owing  simply  to  this  contraction.  In  a  larger  artery 
this  process  is  not  sufficient  to  completely  close  the  vessel,  but  merely  gives  its 
cut  end  a  conical  shape,  greatly  diminishing  the  aperture  in  the  artery,  perhaps 
to  the  size  of  a  pin-hole. 

The  next  change  that  takes  place  is  the  formation  of  the  internal  coagu- 
lum. As  the  open  end  of  the  artery  becomes  obstructed  by  its  OAvn  contrac- 
tion and  by  the  formation  of  the  external  coagulum,  the  blood  is  propelled  with 
more  and  more  difficulty  through  it,  escaping  in  a  small  and  feeble  stream, 
and  at  last  becoming  completely  stationary.  Coagulation  then  takes  place 
within  the  artery,  and  the  clot  that  is  formed  in  this  situation  plays  an 
important  part  in  the  permanent  closure  of  the  vessel.  The  internal  coagulum 
is  conical  in  form,  the  base  being  firmly  adherent  to  the  injm-ed  coats  of  the 
artery  at  the  margin  of  the  aperture  and  the  apex  extending  upwards.  It  lias 
no  point  of  attachment  except  by  its  base,  the  apex  and  sides  being  perfectly 
free ;  at  first  it  consists  merely  of  ordinary  blood-clot,  but  later  on,  as  will 
be  seen  hereafter,  important  changes  occur  within  it.  The  importance  of  the 
internal  coagulum  as  a  temporary  means  of  arresting  hgemorrhage,  though 
great,  has,  I  think,  been  overestimated.  In  fact  it  is  not  formed  at  all  until 
the  flow  of  blood  has  been  arrested  by  the  contraction  of  the  artery  and  the 
formation  of  the  external  clot ;  and  in  some  cases  the  proximity  of  a  collateral 
branch  to  the  cut  end  of  the  vessel  appears,  by  preventing  the  stagnation  oi' 
the  blood,  to  prevent  its  formation  altogether.  When  it  is  formed,  it  is 
useful  in  acting  as  a  damper  to  break  the  force  of  the  wave  of  blood  against 
the  cut  end  of  the  vessel.  The  contraction  of  the  artery  being  due  to  the 
action  of  the  muscular  coat,  must  necessarily  cease  before  long,  when  relaxa- 
tion of  the  muscular  fibre-cells  takes  place ;  but  by  this  time  the  vessel  is 
surrounded  externally  by  a  coagulum  between  the  sheath  and  the  external  coat. 
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This  clot  having-  been  moulded  to  the  artery  in  its  contracted  state  prevents 
the  dilatation  that  would  otherwise  occur. 

After  the  h;oniorrhao-e  from  the  cat  artery  has  been  arrested  temporarily  by 
the  means  that  have  been  indicated,  Nature  proceeds  to  secure  the  vessel  by 
permanently  occluding  it. 

Permanent  Closure  of  a  cut  arteiy  is  effected  by  processes  analogous  to 
those  which  have  been  already  described  as  occurring  in  the  union  of  wounds 
in  the  Chapter  on  the  Process  of  Repair  (page  2G8).  During  the  first  few 
hours  after  the  arrest  of  the  bleeding,  the  internal  coagulum  contracts  slightly 
and  becomes  more  adherent  to  the  inner  coat  of  the  artery.  For  the  first 
twenty-four  hours  or  more  the  ordinary  process  of  exudation  with  migration  of 
the  white  corpuscles  takes  place,  both  from  the  vessels  in  the  injured  coats  of 
the  artery  aiid  from  the  vasa-vasorum  in  the  sheath.  By  the  second  day  there- 
fore we  find  that  the  base  of  the  internal  coagulum  and  the  external  coagulum 
in  the  sheath  have  become  paler  in  colour  from  infiltration  with  migrated 
leucocytes  ;  and  exactly  opposite  the  divided  end  of  the  artery  there  may  be 
a  small  nodule  of  colourless  plastic  exudation,  composed  entirely  of  migrated 
cells  held  together  by  coagulated  fibrin.  This  change  therefore  corre- 
sponds to  that  which  has  already  been  described  as  occurring  in  the  early 
stages  of  union  of  wounds  by  first  intention,  the  only  difference  being  in  the 
presence  of  the  great  excess  of  blood-clot.  By  the  end  of  the  first  twenty-four 
or  thirty-six  hours,  if  all  goes  well,  the  process  of  the  traumatic  inflammation 
resulting  from  the  wound  and  the  accompanying  exudation  should  have  ceased, 
and  we  then  have  a  firm  mass  of  plastic  exudation  plugging  the  mouth  of  the 
artery  and  surrounding  its  cut  extremity  externally,  and  the  processes  of 
genuine  repair  now  set  in.  Outside  the  ^'essel  these  consist  merely  of  the 
vascularization  of  the  plastic  exudation,"  the  absorption  of  the  blood-clot,  and 
the  gradual  development  of  cicatricial  fibrous  tissue,  as  already  described 
(page  27?)).  It  is  evident  that  if  these  processes  go  on  healthily  and  un- 
disturbed by  further  inflammation  and  exudation,  the  orifice  of  the  wounded 
vessel  is  from  the  first  suri'ounded  externally  by  a  firm  substance — first,  blood- 
clot  ;  secondly,  plastic  exudation  or  "  coagulal:)le  lymph  ;  "  thirdly,  firm  vascu- 
lar granulation-tissue  ;  and,  lastly,  fibrous  scar-tissue.  The  artery  is  therefore 
sealed  externally  as  well  as  internally,  and  these  external  changes  are  of  equal 
importance  with  those  about  to  be  described  as  occurring  inside  the  vessel.  If 
inflammation  and  suppuration  take  place  in  the  wound  from  any  cause,  more 
especially  if  decomposition  of  the  discharges  sets  in  with  breaking  down  of 
the  external  coagulum,  thus  causing  the  presence  of  septic  matter  in  imme- 
diate contact  with  the  end  of  the  wounded  artery,  the  injured  vessel  is  no 
longer  supported  externally,  and  the  whole  safety  of  the  patient  will  depend 
upon  the  changes  occurring  within  the  vessel. 

We  have  already  seen  that  that  soon  after  its  formation  the  base  of  the 
internal  coagulum  becomes  infiltrated  with  exudation  from  the  vessels  of  the 
injured  coats  of  the  artery,  and  consequently  becomes  paler  in  tint  than  the 
rest  of  the  clot.  The  internal  coagulum  gradually  extends  fuither  from  the 
injured  part  of  the  vessel  till,  as  a  rule,  it  reaches  the  next  branch  above. 
The  next  change  observed  in  the  clot  is  that  it  shrinks  slightly.  The  artery 
also  continues  to  contract,  firmly  embracing  the  coagulum.  The  clot  now 
becomes  firmly  adherent  in  every  part  to  the  inner  coat  till  some  difficulty 
may  be  experienced  in  separating  it.    The  contracted  vessel  usually  assumes  a 
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conical  shape  ;  but  in  some  cases  1  have  seen  the  contraction  commence 
suddenly,  the  narrowed  part  being  perfectly  cylindrical  for  about  an  inch. 
The  next  change  observable  is  the  (Iccoloiirizaiion  of  the  dot.  This  commences  at 
the  part  which  is  in  contact  Avith  the  injured  end  of  the  vessel  and  gradually 
extends  upwards.  The  red  corpuscles  in  the  clot  break  up  and  are  absorbed, 
leaving  a  firm  fibrinous  plug  closely  adherent  to  the  inner  coat  of  the  artery. 
This  process  of  decolourization  is  accomjmnied  by  still  further  shrinking  ot 
the  clot.  It  is  usually  completed  in  about  a  week.  The  ultimate  changes  consist 
in  a  gradual  absorption  of  the  internal  coagulum,  with  development  of  cicatricial 
fibrous  tissue  for  a  greater  or  less  distance  from  the  divided  end,  the  artery 
being  for  a  corresponding  distance' converted  into  a  dense  fibrous  cord.  In 
some  cases  the  complete  obliteration  of  the  vessel  reaches  as  high  as  the  next 
])ranch  ;  but  in  others  an  extremely  narrow  channel  may  be  found  extending 
some  distance  into  the  contracted  part  of  the  vessel. 

If  these  processes  be  followed  microscopically  in  specimens  obtained  at 
different  periods  from  animals,  the  following  appearances  may  be  observed. 
The  first  exudation  which  forms  at  the  cut  end.  of  the  artery  and  infiltrates 
the  base  of  the  clot  differs  in  no  respect  fi'om  the  early  exudation  in  union  of 
a  wound  by  first  intention  ;  it  is  composed  of  migrated  white  corpuscles 
entangled  in  the  meshes  of  coagulated  fibrine.  This  exudation  commences 
immediately  after  the  injury.  By  the  third  day  the  base  of  the  clot  Avill  be 
more  extensively  decolourized  and  the  microscope  shows  that  this  is  due  to  the 
growth  of  new  cells  which  have  occupied  the  place  previously  filled  by  the 
lower  part  of  the  clot.  The  origin  of  these  new  cells  has  been  a  matter  of 
dispute.  Those  which  infiltrated  the  base  of  the  clot  in  the  first  twenty-four 
hours  are  undoubtedly  migrated  corpuscles  ;  but  it  seems  probable  that  as 
soon  as  the  artery  has  recovered  from  the  damage  done  it  by  the  wound, 
growth  commences  from  the  endothelial  cells  of  the  inner  coat.  These  are 
described  by  Cornil  and  Ranvier  as  multiplying  rapidly  and  penetrating  into 
the  substance  of  the  clot  in  bud-like  processes.  Whatever  the  source  of  the 
new  cells  may  be,  this  much  is  certain  :  that  by  the  end  of  a  few  days  the 
endothelium  can  no  longer  be  recognized  at  the  part  where  they  are  growing, 
and  the  new  tissue  replacing  the  clot  is  in  direct  contact  with  the  elastic  layers 
of  the  inner  coat.  The  mass  of  cells  thus  formed  is  soon  penetrated  by  neAv 
vessels  springing  from  the  vasa-vasorum  of  the  artery  at  the  wounded  part. 
The  further  course  of  development  is  identical  with  that  already  described  in 
the  Chapter  on  Repair,  as  occurring  in  the  conversion  of  vascular  "  granu- 
lation-tissue "  into  cicatricial  fibrous  tissue.  The  final  result  of  the  pro'cess  is 
that  the  lumen  of  the  artery  for  a  variable  distance  becomes  filled  with  fibrous 
tissue  continuous  with  the  coats  of  the  vessel.  The  development  of  the 
cicatricial  tissue  fi-om  the  granulation-tissue  is  necessarily  accompanied  bv 
considerable  contraction,  while  at  the  same  time  the  muscular  coat  atrophies 
from  want  of  use  ;  and  thus  at  the  end  of  some  weeks  or  months  the  end  of 
the  artery  becomes  converted  into  a  thin  cord  of  fibrous  tissue,  which  becomes 
lost  in  the  scar  of  the  external  wound. 

This  development  of  fibrous  tissue  in  the  site  of  the  clot  has  been  described 
as  "  organization  of  the  thrombus,"  but  this  tenn  is  somewhat  misleading; 
there  is  no  objection  to  using  it,  however,  if  it  be  clearly  understood  what'^is 
meant  by  it.  A  recent  thrombus  is  composed  of  coagulated  fibrine  entangling 
in  its  meshes  vast  numbers  of  red  corpuscles  and  a  few  Avliite.    It  is  not^'now 
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supposed  by  any  pathologist  that  the  fibrin  or  the  red  corpuscles  can  take 
any  part  in  the  formation  of  new  tissue.  The  whole  question,  therefore,  turns 
upon  the  fate  of  the  white  corpuscles  in  the  clot,  and,  as  in  the  first  few  hours 
after  its  formation  the  base  becomes  infiltrated  with  wandering  cells,  this 
question  becomes  merged  into  the  wider  one  of  the  part  played  by  migrating 
leucocytes  in  the  formation  of  new  tissue.    (See  Repair.) 

0.  Weber  has  described  in  the  vascularization  of  the  thrombus  the  formation 
of  vessels  communicating  with  the  lumen  of  the  artery  ;  but  subsequent 
observers  have  not  confirmed  his  views.  It  is  probable,  however,  that  when 
restoration  of  the  channel  of  an  artery  takes  place  after  it  has  been  tied  in  its 
continuity  with  an  absorbable  ligature — an  accident  that  has  occurred  more 
than  once — the  first  channel  of  communication  i'rom  above  the  liirature  to 
below  may  be  by  means  of  the  new  vessels  formed  in  the  thrombus  during 
organization,  and  that  by  the  subsequent  dilatation  of  these  with  absorption 
of  the  new  tissue  round  them  the  lumen  may  be  completely  restored. 
•  The  Internal  changes  above  described  as  taking  place  in  the  healthy  closure 
of  a  wounded  artery  occur  first  at  the  injured  extremity  of  the  vessel,  the 
complete  closure  and  obliteration  not  taking  place  as  high  as  the  next  branch 
till  ]nany  weeks  after  the  actual  divided  end  is  closed  and  sometimes  not 
occurring  at  all.  During  the  early  period,  the  upper  part  of  the  internal  clot 
serves  the  important  function  of  breaking  the  force  of  the  wave  of  blood  and 
thus  giving  the  necessary  rest  to  the  point  at  which  repair  is  going  on.  In 
order  that  healthy  closure  of  the  vessel  may  take  place  it  is  essential  that 
there  shall  be  an  absence  of  undue  irritation  at  the  cut  end.  If  the  end  of 
the  artery  is  exposed  to  direct  contact  with  decomposing  blood-clot  or  dis- 
charges, inflammation  and  exudation  will  continue,  and,  instead  of  the  firm 
new  tissue  sealing  the  divided  end  of  the  artery,  excessively  soft  granulation- 
tissue  or  merely  puriform  exudation  may  be  formed  :  and  as  under  these  con- 
ditions the  external  support,  as  before  stated,  is  also  wanting,  the  safety  of  the 
patient  depends  merely  on  the  adhesion  of  the  blood-clot  higher  u]i,  and 
secondary  hfemorrhage  is  very  likely  to  occur.  A  large  bgature  soaked  in 
septic  matter  or  a  decomposing  piece  of  catgut  in  contact  with  the  injured 
part  of  the  artery  acts  as  an  irritant,  prolongs  exudation,  and  softens  the 
reparati\  e  material.  On  the  otlier  hand  carbolized  catgut  or  silk  in  an  aseptic 
condition  seems  to  cause  little  or  no  irritation  l)eyond  that  caused  by  the 
mechanical  violence  used  in  its  application. 

The  changes  that  have  just  been  described  are  those  Avhich  take  place  in  the 
proximal  end  of  the  arteiy.  In  the  distal  or  iuferior  end,  occlusion  is  effected 
by  processes  essentially  the  same,  but  the  retraction  and  contraction  of  the 
vessel  ai-e  not  so  complete  and  extensive,  and  the  coagulum  is  usually  smaller 
both  inside  and  outside  ;  in  some  cases,  indeed,  the  internal  coagulum  is 
deficient.  The  less  perfect  closure  of  the  distal  end  may,  as  Guthrie  suggests, 
be  the  cause  of  the  more  frequent  occurrence  of  hsBmorrhage  from  it. 

Arrest  of  H.i-jmorriiage  FRo:\r  a  Punctured  or  Partially  Divided 
Artery  is  effected  in  a  somewhat  different  manner  from  that  which  has  just 
been  described,  the  difference  consisting  in  the  changes  that  go  on  in  the 
neighbourhood  of  the  wound.  If  the  wound  in  the  soft  parts  covering  the 
artery  be  of  small  size  and  oblique  in  direction,  so  that  the  blood  does  not 
escape  with  too  great  focility,  it  will  be  found  tliat  the  temporary  arrest  of  the 
haemorrhage  takes  place  by  an  extravasation  of  blood  occurring  between  the 
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artery  and  its  sheath,  by  which  the  relations  between  the  wound  and  the 
aperture  in  the  sheath  are  altered.    The  direct  efiect  of  the  injury  is  to  cause 
some  contraction  of  its  muscular  coat,  and  thus  the  blood  finds  its  way  readily 
between  the  sheath  and  the  external  coat,  and  the  stratum  of  coagulated  lilood 
extends  for  some  distance  within  the  sheath,  above  and  below  the  wound, 
opposite  to  which  it  is  thicker  than  elsewhere.    Coagulum  may  likewise  be 
formed  in  the  tissues  of  the  part  outside  the  sheath,  by  which  the  tendency 
to  the  escape  of  blood  further  lessened.  j 
The  permanent  closure  of  the  puncture  is  effected  by  processes  analogous  to  ' 
those  which  take  place  in  repair  of  other  tissues.     If  the  wound  be  small  and 
well  closed  by  an  external  coagulum,  and  if  the  force  of  the  heart  be  not  too  i 
great,  the  opening  may  be  closed  without  complete  obliteration  of  the  arteiy.-. 
A  small  layer  of  clot  may  form  internally,  adhering  to  the  womid  in  the-' 
inner  coat.    Exudation  then  takes  place  from  the  vessels  of  the  external  i 
coat  and  fi-om  the  sheath  externally,  and  after  this  follow  the  ordinary 
processes  of  "  vascularization  of  the  plastic  exudation,"  and  development  of 
fibrous  tissue.    Thus  a  small  fibrous  cicatrix  is  formed  in  the  wall  of  the  ■ 
vessel.    More  commonly  the  clot  gradually  increases  in  size,  till  the  lumen  of 
the  vessel  is  filled  up  opposite  the  wound,  and  then  the  subsequent  changes  ^ 
described  above  as  occurring  when  an  artery  is  divided  take  place,  and  the- 
vessel  is  permanently  obliterated  and  converted  at  the  seat  of  obstruction  into 
a  fibrous  cord.    In  order  that  the  wound  in  the  artery  should  unite  simply  by 
the  formation  of  a  cicatrix  in  the  coats,  without  obliterating  the  cavity  of  the 
vessel,  it  is  necessary  that  it  be  below  a  certain  size  ;  but  this  size  will  ^■ary. 
according  to  the  direction  of  the  wound.    If  this  be  longitudinal  or  slightly, 
oblique,  it  will  be  more  likely  to  unite  in  this  way  than  if  transverse.  Guthrie . 
states  that,  in  an  artery  of  the  size  of  the  temporal,  a  small  longitudinal  wound 
may  sometimes  heal  without  obliteration  of  the  vessel,  though  this  very  rarely 
happens  in  larger  arteries.    If  a  large  vessel,  such  as  the  femoral,  be  opened 
longitudinally  to  the  extent  of  one-fourth  of  its  circumference,  there  is  no  i 
proof  that  the  wound  can  heal  without  obliteration  of  the  cavity  of  the  artery;  i 
but  when  a  longitudinal  wound  in  a  large  artery  is  very  small,  little  more  than 
a  puncture,  closure  may  possibly  take  place  simply  by  its  cicatrization  ;  but : 
the  artery  always  continues  weak  at  this  point,  and  may  eventually  become 
anem'ismal. 

If  an  artery  of  the  second  or  third  magnitude,  as  the  axillary  or  femoral,  be 
divided  to  one-fourth  or  more  of  its  circumference,  either  fatal  htemorrhao-e  or 
the  formation  of  a  traumatic  aneurism  will  take  place,  according  to  the  size 
and  more  or  less  direct  character  of  the  external  wound. 

surgicaij  treatment  of  arterial  hemorrhage. 

The  object  of  the  Surgeon,  in  any  means  that  he  may  adopt  for  the  suppres-  - 
sion  of  arterial  lijemorrhage,  should  be  to  imitate,  or  assist  the  natural  pro-  - 
cesses,  or  to  excite  analogous  ones. 

The  danger  from  arterial  hicmorrhage,  and  the  measures  that  must  be  adopted  | 
to  meet  it,  vary  according  to  the  size  of  the  vessel.    In  all  circumstances  the  ! 
Surgeon  should  bear  in  mind  the  excellent  advice  given  by  Guthrie,  never  to  ' 
fear  bleeding  from  any  artery  on  which  he  can  lay  his  finger,  digital  pressure 
readily  controlling  bleeding  from  the  largest  vessels,  provided  it  can  be 
fairly  applied  ;  or  the  cut  end  of  the  artery  may  be  seized  between  the  finger 
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and  thumb.  Thus,  in  amputation  at  the  hip  and  shoulder-joints,  the  assistant 
readily  controls  the  rush  of  blood  from  the  femoral  and  axillary  arteries  by 
^•rasping  them  between  his  fingers.  Above  all,  the  Surgeon  should  never  dread 
haemorrhage,  nor  lose  his  presence  of  mind  when  it  occurs.  If  recourse  be  had 
to  proper  means,  it  can  always  be,  at  least  temporarily,  arrested.  On  no 
account  should  anyone  who  pretends  to  the  character  of  a  Surgeon  employ 
inefficient  means  to  stop  it,  and  imagine  that  he  can,  by  covering  up  the  wound 
\vith  rags,  handkerchiefs,  &c.,  prevent  the  escape  of  blood.  These  procedures 
only  hide  the  loss  that  is  going  on,  and,  by  increasing  the  wai-mth  of  the  parts, 
prevent  the  contraction  of  the  vessels,  and  ftivour  the  continuance  of  the  bleed- 
ing. Under  all  circumstances,  therefore,  bleeding  wounds  should  be  opened 
up,  the  coagula  gently  removed  from  their  surface  by  means  of  a  piece  of  soft 
sponge  or  a  stream  of  cold  water,  and  the  part  well  cleaned.  In  this  way 
'"you  look  your  enemy  in  the  face,"  and  can  adopt  efficient  means  for  the 
permanent  arrest  of  the  htemorrhage. 

I  The  methods  of  controlling  the  flow  of  blood  temporarily  by  digital  com- 
pression and  by  the  various  forms  of  tourniquet  have  been  fully  described  on 
p.  40,  et  seq.  It  is  usually  necessary  to  adopt  some  of  these  during  the  appli- 
xatiou  of  means  intended  to  produce  permanent  arrest  of  the  bleeding.  The 
screw  tourni(iuet  and  digital  compression  will  usually  be  found  the  most  con- 
venient, as  the  pressure  can  be  rapidly  relaxed,  in  order  to  guide  the  Surgeon 
to  the  bleeding  point,  and  I'e-applied  if  necessary. 

The  different  means  that  may  be  employed  for  the  permanent  arrest  of 
hsemorrhage  are  : — 1,  the  Application  of  Cold ;  2,  the  Application  of  Hot 
Water  ;  3,  Stj-ptics  ;  4,  Cauterization  with  a  Hot  Iron  ;  5,  Pressure  ;  6, 
Flexion  ;  7,  Torsion  ;  8,  Forcipressure  ;  9,  Ligature  ;  and  10,  Acupressure. 

1 .  Applicatiox  of  Cold  is  sufficient  to  arrest  the  general  oozing  of  arterial 
L)od  which  is  always  observed  on  a  cut  surface.    The  mere  exposure  to  the 

icold  air  of  a  wound,  which  has  bled  freely  so  long  as  it  has  been  covered  up  by 
'pledgets  and  bandages,  is  oflen  sufficient.  When  this  does  not  succeed,  the 
application  of  a  piece  of  lint,  soaked  in  cold  water,  will  usually  arrest  the  flow 
of  blood.  WiiQM  it  is  necessary  to  do  this  speedily,  as  in  some  operations  about 
the  air-passages,  a  small  stream  of  cold  water  may  be  allowed  to  drip  into  the 
wound,  and  thus  cause  rapid  contraction  of  the  vessels,  and  consequent 
cessation  of  bleeding.  In  cases  of  bleeding  into  some  of  the  cavities  of  the 
body,  as  the  rectum,  vagina,  or  mouth,  the  application  of  ice  is  advantageous. 
Its  use  should  not,  however,  be  too  long  continued,  lest  sloughing  occur. 
Indeed,  if  cold  do  not  speedily,  almost  at  once,  aiTCst  the  bleeding  by 
constricting  the  vessels,  it  is  better  to  have  recourse  to  other  and  more  efficient 
means. 

2.  The  Application  of  Hot  Water  is  a  most  valuable  means  of  arrest- 
ing oozing  during  or  immediately  after  an  operation.  It  is  especially  useful 
in  operations  about  the  face  and  trunk  in  which  it  is  impossible  to  adopt  any 
bloodless  method  of  operating,  and  yet  in  which  it  is  important  that  the  ^•ie^\• 
of  the  operator  shonld  not  be  obscured  by  persistent  oozing  of  blood.  It  im- 
mediately arrests  the  free  bleeding  from  small  vessels  which  follows  the  removal 
of  Esmarch's  bandage.  This  mode  of  treatment  was  introduced  in  America  in 
1 879  by  Hamilton,  Brown,  and  Hunter.  Hamilton  applied  water  at  a  temperature 
of  between  150°  F.  and  1G0°  F.,  by  means  of  sponges  held  in  forceps.  Brown 
recommended  washing  the  whole  wound  with  water  of  the  same  temperature. 
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Hunter  applied  the  water  at  a  lower  temperature,  125°  F.  to  130°  F.,  whicl 
can  just  he  endured  by  the  Surgeon's  hands.  All  these  plans  act  very  well 
and  although  the  heat  is  sufficient  to  whiten  the  surface  of  a  divided  niusclo 
no  evil  consequence  results,  and  union  by  first  intention  is  not  interfered  with  ^ 
If  tlie  wound  is  being  treated  antiseptically,  a  hot  solution  of  carboHc  acid,  ]  1 
in  40,  or  two  teaspoonfuls  of  tincture  of  iodine  added  to  a  pint  of  water,  nia^ 
be  used  instead  of  the  simple  hot  water.  Care  must  be  taken,  in  employing 
this  method  of  arresting  hemorrhage,  that  the  water  used  be  sufficiently  hot 
otherwise  the  eflPect  will  be  merely  to  increase  the  bleeding. 

3.  St^ttics  are  substances  which  cause  contraction  of  the  vessels  an( 
coagulate  the  albumen  of  the  blood,  and  thus  increase  the  rapidity  of  forma 
tion  and  the  firmness  of  the  coagulum.    They  are  used  principally  in  oozin,< 
from  spongy  parts,  or  in  bleeding  from  cavities  or  organs  to  which  other  a]) 
plications  cannot  readily  be  made.    The  great  objection  to  their  employmeu 
in  some  wounds  is  their  tendency  to  modify  injuriously  the  character  o 
the  surface,  and  to  prevent  union  by  the  first  intention.    The  most  usefu 
styptics  are  the  solution  of  perchloride  of  iron,  spirits  of  turpentine,  and  gallii 
or  tannic  acid ;  the  application  of  alum,  or  touching  a  bleeding  part  with  s 
pointed  stick  of  the  nitrate  of  silver?  is  also  serviceable.    Of  all  these,  th(  i 
solution  of  the  perchloride  of  iron,  Avhen  applied  to  a  bleeding  part,  acts  a; 
the  readiest  and  most  efficient  htemostatic,  coagulating  the  blood  with  re- 
markable rapidity,  and  into  a  very  firm  clot.    In  order  to  apply  this  or  aw 
other  styptic  effectually,  the  part  should  he  wiped  dry,  and  all  coayula  removed 
A  piece  of  lint  or  absorbent  cotton-wool,  or  a  sponge  squeezed  as  dry  as  possible 
is  then  firmly  pressed  on  the  bleeding  spot  by  an  assistant,  or  by  the  Surgeoi 
with  his  left  hand,  while  another  piece  of  lint  or  cotton-wool  is  soaked  in  the 
styptic  solution,  and  then  squeezed  nearly  dry.    This  must  be  held  by  the  i 
Surgeon  in  his  right  band  either  in  a  pair  of  forceps  or  in  his  fingers.  Whei 
all  is  ready,  the  piece  of  diy  lint  or  sponge  which  has  been  pressing  on  the 
bleeding  surface  is  rapidly  removed,  and  the  styptic  instantaneously  applied 
before  the  surface  has  had  time  to  get  wet  with  blood.    It  may  then,  i1 
necessary,  be  maintained  in  position  by  the  pressure  either  of  the  finger  or  oi 
a  pad  and  bandage.    When  the  hasmorrhage  is  from  a  cavity  and  the  actual  i 
bleeding  point  cannot  be  seen,  the  stjq^tic  solution  may  be  injected  by  mean? 
of  a  syringe,  or,  in  some  cases,  if  it  proceed  from  a  mucous  canal,  this  may  be 
firmly  plugged  with  hnt  soaked  in  the  styptic  solution. 

4.  Cauteeization  by  means  of  the  red-hot  iron  was  almost  the  only  mode 
of  arresting  arterial  hfemorrhage  that  was  known  to  the  ancients.    It  is  no\\ 
comparatively  seldom  employed,  and  should  never  be  made  use  of  when  le?- 
severe  measures  are  likely  to  succeed.    Yet  in  some  cases  it  is  of  the  most  un- 
questionable utility,  and  superior  to  any  other  means  that  we  possess ;  more 
particularly  in  those  cases  in  which  the  haemorrhage  proceeds  fi-om  a  soft  aii'l 
porous  part  that  will  not  hold  a  ligature,  or  on  the  surface  of  which  man^■ 
points  appear  to  be  bleeding  at  the  same  time.    A  somewhat  conical  iron  oi 
sufficient  size  should  be  used,  and  the  haemorrhage  will  often  be  staid  more- 
effectually  if  it  be  applied  at  a  black,  than  at  a  red  or  white  heat.    The  bleed- 
ing surface  must  be  carefully  dried  by  the  pressiu-e  of  a  sponge  or  of  dry  cotton 
wool  before  the  cautery  is  applied,  otherwise  its  action  is  extremely  uncertain. 
It  is  more  useful,  perhaps,  for  the  arrest  of  capillary  than  of  arterial  hfemor-t 
rhagc,  but  arteries  of  moderate  size  may  thus  be  closed.    As  the  actual 
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icauteiy  blocks  up  the  artery  by  a  thick  slough  or  eschar  (Fig.  137),  there 
is  always  some  danger  of  a  recurrence  of  the  bleeding  when  it  separates, 
and  the  Surgeon  must  be  on  his  guard  about  the  sixth  or  eighth  day  lest  the 
hsemorrhage  break  out  afresh. 

In  some  cases,  however,  in  which  the  cautery  has  been  experimentally 
applied  to  the  cut  end  of  an  artery  removed  from  a  ft-esh  dead  body,  it  has 
been  found  that  the  eschar  is  formed  of  the 
charred  and  shrivelled  external  coat  only,  the  "  "'^ 

inner  and  middle  coats  being  separated  and 
tnmed  up.  into  the  lumen  of  the  artery.  This 

result,  however,  does  not  seem  to  be  constant.      pi-  i.;?.— a  ficsii  Artery  from  tiu- 

The  actual  cautery  has  been  frequently  i-;y.\uu"ei-jnreseimn''~''^ 
employed  of  late  years  during  operations  on 

very  vascular  parts  in  which  temporary  arrest  of  the  circulation  is  im- 
possible.   It  has  been  used  chiefly  in  two  ways :  tirst  as  the  galvanic  ecraseur, 
and  secondly  as  a  red-hot  laiife.    The  galvanic  ecraseur  is  simjily  a  loop  of 
platinum-wire  which  can  be  heated  by  electricity  after  being  passed  round  the 
Dart  to  be  removed.    During  the  operation  the  loop  is  gradually  tightened,  by 
a,  screw  in  the  handle  of  the  instrument-,  until  the  part  is  removed.  Operations 
performed  in  this  way  are  almost  bloodless ;  but  the  instrument,  with 
ts  battery,  is  very  cumbersome,  its  action  is  not  certain,  and  secondary 
i£emorrhage  is  common  after  its  use ;  consequently  it  is  now  but  little  em- 
ployed.   Its  place  has  been  taken  by  Paquelin's  red-hot  knife.    This  is  a 
flattened  hollow  blade  with  blunt  edges,  made  of  platinum,  and  fixed  on  a 
iandle  connected  by  an  India-rubber  tube  with  a  bottle  containing  benzol. 
The  knife  is  first  made  red-hot  in  a  spirit  lamp,  and  its  heat  is  maintained  by 
)lowing  a  mixture  of  air  and  benzol-vapour  into  the  hollow  blade  by  means  of 
m  elastic  ball.    The  benzol-vapour  burns  without  flame,  and  the  heat  can  be 
maintained  at  any  point  that  is  required  by  driving  in  a  larger  or  smaller 
amount  of  vapour.    Care  must  be  taken  not  to  allow  any  of  the  liquid  benzol 
;o  get  into  the  tube,  or  a  flame  would  flash  from  the  instrument  :  this  is  best 
avoided  by  filling  the  bottle  with  pieces  of  sponge.  The  blade  can  be  replaced, 
if  necessary,  by  cauteries  of  various  shapes.    In  removing  very  vascular 
growths,  such  as  an  epithelioma  of  the  vulva,  the  knife,  if  at  a  glowing  red 
heat,  arrests  the  flow  of  blood  from  the  smaller  vessels,  only  leaA'ing  the  larger 
arteries  snouting  fi-om  a  perfectly  dry  sin-face,  and  they  can  thus  be  seized  and 
tied  without  difficulty,  or,  if  preferred,  touched  -with  the  cautery  at  a  dull-red 
heat.    The  surface  left  is  very  superficially  charred,  and  heals  with  little  or  ]io 
sloughing.    If  it  be  desired  to  arrest  the  flow  of  all  vessels  completely,  the 
iknife  must  be  used  at  a  dull-red  heat ;  it  then  cuts  more  slowly  and  chars 
more  deeply. 

0.  Direct  Pressure  upon  the  bleeding  part  is  a  very  efficient  mode  of 
axresting  haemorrhage  from  small  arteries.  It  is  not,  however,  applicable  to 
all  parts  of  the  body,  as  it  is  necessary  that  the  vessel  should  have  a  bone  sub- 
jacent to  it,  so  as  to  afford  a  point  of  counterpressure ;  hence  it  cannot  readily 
be  employed  in  soft  and  movable  parts,  as  the  throat  or  perinaium.  Pressure 
may  Ite  practised  in  various  ways.  Sometimes  the  uniform  compression  of  a 
bandage  is  sufficient  to  arrest  the  htemorrhage ;  thus  oozing  from  a  wound 
may  often  be  stopped  by  laying  doAvn  the  flaps,  and  applying  a  bandage  rather 
tightlv  over  them.    Sometimes  a  weight  applied  upon  this— as,  for  instance, 
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by  means  of  a  shot  or  sand-bag  laid  upon  the  part — will  tend  still  further 
to  arrest  the  bleeding.  In  the  case  of  bleeding  from  hollow  cavities,  as  the 
rectum,  vagina,  or  nares,  the  hcemorrhage  may  be  arrested  by  the  pressure  of 
a  plug  of  sponge  or  lint,  to  Avhich  sometimes  a  styptic  may  advantageously  be 
added.  AVIien  the  hasmorrhage  proceeds  from  the  puncture  of  a  small  or 
moderate-si/x'd  artery,  as  the  temporal,  pressure  should  be  made  against  the 
adjacent  bone  by  means  of  a  graduated  compress  and  bandage,  and  should  be 
continued  until  a  sufficient  time  has  elapsed  for  the  vessel  to  be  finnly  plugged 
on  each  side  by  an  adherent  coagulum.  The  graduated  comprpss  should  be  at 
least  an  inch  in  thickness,  and  made  of  a  series  of  pledgets  of  lint  of  a  circular 
shape,  gradually  diminishing  in  size.  It  should  be  applied  with  its  pointed 
end  resting  over  the  womid  in  the  vessel.  In  applying  it,  care  should  be  taken 
that  the  part  on  which  the  pressure  is  to  be  exercised  lias  been  thoroughly 
dried  of  all  blood,  and  that  the  artery  is  commanded  above  the  wound  by  a 
tourniquet,  or  by  the  pressure  of  an  assistant's  fingers.  A  thick  slice  of  a 
phial-cork,  or  a  fonrpenny  piece,  wapped  in  lint,  being  placed  on  the  wound, 
the  graduated  compress  should  be  bandaged  tightly  over  the  whole.  When 
applied  in  this  way,  pressure  acts  by  encouraging  the  formation  of  an  adherent 
clot  on  each  side  of  the  part  of  the  vessel  closed  by  the  force  applied.  The 
subsequent  changes  are  the  same  as  those  already  described  as  occuiTing  after 
spontaneous  arrest  of  bleeding  (page  31)7). 

Whenever  pressure  is  used  to  arrest  arterial  bleeding,  it  must  not  be  for- 
gotten that  if  it  is  applied,  as  it  must  be  to  be  of  any  use,  with  sufficient  force 
to  arrest  the  flow  of  blood  through  the  wounded  artery,  it  must  equally  empty 
all  the  capillaries  and  veins,  thus  rendeiing  the  whole  area  pressed  upon  abso- 
lutely bloodless.  We  have  before  seen  (page  iG2),  that  if  a  part  be  deprived 
f)f  blood  for  a  sufficient  time  in  the  human  subject,  probably  for  between  twelve 
and  twenty-four  hours,  the  re-admission  of  blood  is  accompanied  by  all  the 
phenomena  of  acute  inflammation,  the  intensity  of  the  process  varying  with 
the  length  of  time  during  which  the  part  has  been  left  bloodless ;  and  we  are 
all  of  course  familiar  with  the  fact  that,  if  the  pressui*e  be  applied  Avith  sufficient 
force  for  a  sufficient  length  of  time,  death  of  the  part  must  follow.  It  is  very 
important,  therefore,  that  pressure  should  not  be  applied  for  a  single  hour 
longer  than  is  necessary  to  ensure  the  safe  plugging  of  the  wounded  artery  by 
an  adherent  clot.  The  experience  of  acupressure  has  shown  us  that  in  a  small 
artery — and  it  is,  of  course,  only  to  small  arteries  that  pressure  is  applied  as  a 
permanent  means  of  arresting  hasmorrhage — about  twelve  hours  is  a  sufficient 
time  to  ensure  the  closure  of  the  vessel,  A  (jradnaUd  compress  sJiouJd,  there- 
fore, not  he  kejd  firmly  applied  for  more  than  twelve  hours;  at  the  end  of 
that  time  the  bandages  should  be  loosened  without  disturbing  the  compress, 
whicli  -will  be  sticking  to  the  part,  while  the  patient  is  kepf^very  quiet  with  the 
limb  raised.  The  inflammation  or  sloughing  produced  by  excessive  and  pro- 
longed pressure  is  the  cause  of  the  frequency  with  which  arrest  of  bleeding  by 
pressure  is  followed  by  secondary  hgemorrhage. 

lu  employing  pressure,  it  must  be  borne  in  mind  also  that,  if  ajjplied 
accurately  to  the  mouth  of  the  dleediny  vessel,  the  actual  force  required  to 
stop  the  flow  of  Mood  is  very  small.  In  the  pahnar  arch,  for  instance,  less 
than  a  quarter  of  an  ounce  accurately  applied  would  close  the  mouth  of  the 
arterv. 

0.  Forcible  Flexion,  as  a  means  of  arrestino-  hceuiorrliaffe  from  the 
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arteries  of  the  limbs,  has  in  recent  years  been  advocated  by  Heath  of 
Newcastle,  Adehnann  of  Dorpat,  and  others.  Its  application  is  founded  on 
the  fact,  specially  pointed  out  in  1848  by  Fonney,  that  flexion  of  the  arm 
at  the  clbow-join-t  weakens  or  arrests  the  pulsation  at  the  wrist.  Malgaigne, 
Vidal,  Flemy,  Fry,  and  some  other  Surgeous,  have  reported  cases  in  which 
the  plan  was  employed  successfully  ;  but  until  lately  the  method  has  attracted 
little  attention.  Heath,  from  a  number  of  experiments  made  by  him  in  the 
Newcastle  Infirmary,  has  found  that  flexion  of  the  arm  at  the  elbow,  or  of  the 
leg  at  the  knee,  diminishes  or  arrests  the  pulse  in  the  distant  arteries.  In 
this  respect  he  confirms  the  observations  of  Hyrtl  and  others  ;  but  he  finds 
also  that  in  the  arm  the  process  is  greatly  aided  by  placing  a  piece  of  lint  or  a 
handkerchief  rolled  up  in  the  bend  of  the  elbow  ;  and  in  the  lower  limb,  by 
bending  the  thigh  on  the  al)domen  at  the  same  time  that  the  leg  is  ben  t  at  the 
knee.  Where  flexion  acts  successfully  as  a  means  of  hcemostasis,  as  it  is 
reported  to  have  done  in  several  cases — especially  i]i  an  ounds  of  the  palmar 
arteries  and  the  vessels  of  the  fore-arm — it  probably  does  so  by  weakening  the 
current  of  blood,  so  as  to  favour  the  closure  of  the  arterial  wound  in  the 


Fig.  13S. — Torsion  of  Brachial  Artery. 


manner  desci-ibed  in  speaking  of  the  Natural  Arrest  of  Hiismorrhage.  The 
apparent  simplicity  and  safety  (when  carefully  applied)  of  flexion  render  it 
worthy  of  further  trial  in  cases  of  injury  of  the  arteries  of  the  fore-arm  and 
hand  or  .of  the  leg  and  foot.  A  roll  of  lint  or  other  soft  material  having 
been  placed  in  the  flexure  of  the  joint,  the  limb  should  be  bent  until  it  is 
pcrcci\-ed  that  the  haemorrhage  is  aiTCsted,  and  should  then  be  maintained 
in  position  by  means  of  a  handkerchief  or  bandage.  Care  must  of  course  be 
taken  not  to  exercise  too  great  compression,  by  which  gangrene  might  be 
produced.  The  flexion  should  be  ke])t  up  till  the  Surgeon,  by  careful  exami- 
nation, is  satisfied  that  there  is  no  further  risk  of  hemorrhage. 

7.  Torsion  of  Cut  Arteries  for  the  aiTcst  of  hfemorrhage  is  mentioned 
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by  Galen  ;  but  tlie  practice  seems  to  bave  been  forgotten  until  about  1828. 
It  was  revived  in  France  by  Amussat,  Yelpeau,and  Thierry  ;  and  in  Germany 
bv  Fricke,  who  experimented  upon  and  practised  this  method  of  treating 
divided  arteries,  with  much  ingenuity  and  perseverance.  But,  notwithstanding 
the  efforts  made  to  force  it  on  the  attention  of  Surgeons,  it  was  gradually 
abandoned,  ex'en  by  its  strongest  advocates.  Torsion  has  never  come  into 
general  use  amongst  Surgeons  in  this  country,  and  has,  certainly,  been  too 
much  neglected.  It  may  be  practised  in  A'arious  Avays.  Thus,  Amussat 
recommended  that  the  artery  be  drawn  out  for  about  half  an  inch  by  one  pair 
of  forceps  ;  that  it  then  be  seized  close  to  the  tissues  with  another  forceps, 
and  that  the  end  be  twisted  off  by  about  a  dozen  turns  (Fig.  138).  This  plan 
is  applicable  only  to  the  larger  arteries  A\-hich  can  l)e  cleanly  isolated  from  the 
surrounding  parts.  Velpeau  and  Fricke  advised  that  the  end  be  not  taken 
off,  but  merely  twisted  seven  to  eight  times,  according  to  the  size  of  the 
vessel.  Thierry  simply  seized  the  artery  and  twisted  it  in  the  direction  of  its 
axis.  In  seizing  the  artery  it  is  particularly  important,  as  Dupuytren  has 
pointed  out,  that  the  whole  vessel  be  grasped  by  the  forceps,  and  that  care  be 
taken  not  to  introduce  one  blade  into  the  open  end  of  the  vessel,  and  thus 
twist  only  half  of  it.  There  can  be  no  doubt  that  ha3moiThage  from  the 
largest  vessels  may  be  effectually  stopped  by  torsion.  Amussat  and  Velpeau 
repeatedly  used  it  to  close  the  femoral,  brachial,  ulnar,  and  radial  arteries  in 
amputations  of  the  thigh,  arm,  and  forearm  ;  and  more  recently  Cooper 
Forstcr  and  Bryant,  at  Guy's  Hospital,  and  Callender  at  Bartholomew's,  have 
used  it  successfully  as  the  only  means  of  arresting  arterial  ha3morrhage  after 
operations  ;  and  their  experience  shows  that,  to  say  the  least,  it  is  as  safe  as 
any  other  mode  of  occluding  a  wounded  artery. 

In  order  to  apj)ly  torsion  successfully,  a  strong  pair  of  forceps,  with 
accurately-fitting  scrratures,  must  be  used  (Fig.  139),  and  the  width  of  the 


Fig.  139.— Torsion  Foi-ceps. 


blades  should  vary  with  the  size  of  the  artery  to  be  twisted.  In  applying 
torsion  to  a  large  vessel,  it  is  better  not  to  tv/ist  the  end  completely  off';  three 
or  four  sharp  turns  usually  suffice,  during  which  the  imier  and  middle  coats 
are  felt  to  giA'c  way,  and  all  resistance  to  cease.  Smaller  vessels  may  be 
twisted  till  the  part  included  in  the  forceps  comes  off.  Even  with  small 
vessels  it  will  be  found  that  the  more  cleanly  the  vessel  can  be  isolated  the 
more  certainly  will  the  bleeding  be  stopped.  Torsion  is  most  easily  applied  to 
large  vessels,  which  can  be  cleanly  seized  in  the  forceps  ;  it  is  most  difficult 
with  small  vessels,  especially  if  they  are  situated  in  dense  structures,  or  in 
tissues  infiltrated  with  inflammatory  products.  Bryant  states  that  degenera- 
tion of  the  inner  and  middle  coats  in  no  way  increases  the  difficulty  in 
securing  the  artery,  fewer  tm-ns  in  fact  being  required  to  close  a  diseased  than 
a  healthy  vessel. 

In  torsion  an  artery  is  placed  in  the  condition  of  one  that  is  lacerated  or 
torn  through.  The  inner  and  middle  coats  are  ruptured  immediately  above 
the  part  seized  in  the  forceps,  and  are  turned  upwards  into  the  Imnen 
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of  the  vessel  ;  the  external  coat  is  twisted  into  a  kind  of  screw  beyond  them 
(Fig-.  140).    If  a  hii-ge  vessel  be  treated  in  this  v>-ay  in  tlie  dead  body  and 
cut  off  about  half  an  inch  above  the  twisted  part,  it  can  be  seen  by  looking 
down  the  liunen  of  the  vessel  that  the  inverted  inner  and 
middle  coats  completely  close  the  vessel  in  a  manner  roughly 
resembling  the  closed  aortic  valves.    A  coaguhun  forms,  ad- 
lierent  at  its  lower  end  to  the  injured  coats,  and  the  sub- 
sequent changes  within  the  vessel  are  identical  with  those 
already  described   (p.  3'J7)  as   occurring  in  permanent 
occlusion  of  a  divided  artery.     The  twisted  end  either 
becomes  absorbed  after  being  embedded  in  the  coagulable 
exudation  that  unites  the  surface  of  the  wound  in  the  first 
few  hours,  or  it  separates  as  a  slough  if  exposed  to  un- 
favourable conditions,  as  in  an  ill-drained  wound  with  de- 
composing discharges,  or  on  an  open  surface. 

Torsion  and  Ligature  Compared. — The  employment 
of  torsion  as  a  substitute  for  the  ligature  is  advocated  on 
three  grounds  :  1,  that,  whilst  equally  safe,  it  is  more  easy 
of  application  ;  2,  that  it  is  less  liable  to  be  followed  by 
secondary  haemorrhage ;  and  3,  that  w'hen  an  artery  is 
closed  by  torsion,  no  foreign  body  is  left  in  the  wound  that 
could  interfere  with  its  direct  union. 

Let  us  briefly  examine  the  advantages  claimed  for  torsion 
over  the  ligatm'e. 

1.  So  far  as  ease  of  apphcation  is  concerned,  there  can  be 


no  doubt  that  the  advantage  is  in  fa^■our  of  the  ligature. 


rig.  lin. — AKcinoral 
Ai'tery  from  a  fresh 
dead  body,  twisted 
freely  and  laid 
open.  Tlie  inner 
and  middle  coats 
are  turned  up  into 
tlie  luiueu  of  the 
vessel  for  half-au- 
inch. 


This  is  ^■ery  markedly  the  case  with  small  vessels  and  those 
that  cannot  be  drawn  out  of  the  sheath.  In  the  case  of  the  larger  arteries, 
that  can  be  denuded  and  drawn  out  of  the  neighbouring  tissues,  it  is  at 
least  as  easy  to  throw  a  thread  round  the  exposed  vessel  as  to  twist  it  up 
securely. 

2.  AVith  reference  to  the  comparative  freedom  from  secondary  haemorrhage, 
we  have  few  data ;  but  all  those  Surgeons  who  have  extensively  employed 
torsion  agree  in  stating  that  it  is  very  rarely  followed  by  secondary  htmnor- 
rhage.  The  same  may,  however,  be  said  with  equal  truth  of  the  catgut  and 
other  absorbable  ligatures  which  are  almost  uniAersally  used  at  the  present 
time. 

3.  The  torsion,  of  arteries  w-as  strongly  advocated  on  the  ground  that,  whilst 
([uite  as  safe  as  the  ligature,  there  would  after  its  employment  be  less  liability 
to  inflammation  and  suppuration,  as  no  foreign  body  was  left  in  the  wound. 
This  argument  was  used  especially  by  xVmussat  ;  Manec  and  others  maintained 
that  the  twisted  end,  of  a  large  artery  at  any  rate,  is  in  reality  a  foreign  body. 
In  the  present  day,  when  the  treatment  of  wounds  is  so  nnich  better  under- 
stood than  it  was  at  their  time,  these  arguments  are  of  but  little  practical  im- 
portance. We  know  that  apiece  of  dead  tissue,  the  size  of  the  twisted  end  of  an 
artery,  becomes  speedily  buried  in  the  plastic  exudation  that  forms  during  thefirst 
twenty-four  hours  after  the  infliction  of  a  wound,  provided  that  the  cavity  is 
properly  drained,  and  the  surfaces  brought  accurately  together  and  kept  at 
rest;  and  that  nnder  these  circumstances  it  is  readily  absorbed  without  causing 
inflammation  or  suppuration.  In  fact,  it  acts  as  an  irritating  foreign  body  only 
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when  it  remains  nncovercd  and  nndergoes  decomposition.  The  same  is  true  of 
the  absorbable  ligatures  in  common  use  at  the  present  day.  On  the  other  hand, 
the  old  silk  ligature,  the  ends  of  which  were  left  hanging  out  of  the  wound, 
infalUbly  acted  as  an  irritant,  and  excited  suppuration  in  its  track.  Torsion, 
therefore,  undoubtedly  presents  advantages  over  the  old  silk  ligature,  and 
is  e(|ually  safe  and  no  more  likely  to  interfere  with  primary  union  than  an 
absorbable  Hgature.  The  latter  possesses,  however,  the  advantage  of  much 
greater  ease  of  application,  and  is  therefore  preferred  by  the  majority  of 
Surgeons. 

8.  FoRCi-PRESSURE  is  a  mode  of  arresting  hfemorrhage  which  has  been  re- 

commended as  of  use  in  certain  cases  by  Sir 
Spencer  Wells,  Ka^berle,  and  Pean.  It  consists 
in  seizing  the  end  of  the  vessel  in  a  pair  of 
forceps  having  strong  short  blades  somewhat 
deeply  serrated,  and  long  scissor  handles  pro- 
\ided  with  a  catch  (Fig.  141).  The  forceps 
can  be  closed  with  sufficient  force  to  crush  the 
end  of  the  vessel  between  their  blades.  The  form 
of  forceps  represented  in  the  figure  is  that  in- 
vented by  Sir  Spencer  Wells,  which  is  certainly 
the  most  convenient  and  efficient.  The  use 
of  these  forceps  as  a  temporary  means  of  ar- 
resting hemorrhage  has  been  already  alluded  to. 
When  used  in  this  way  it  will  frequently  be 
found  that,  on  relaxing  their  hold  after  a  few 
minutes,  no  bleeding  takes  place.  Under  these 
circumstances,  experience  shows  tliat  the  closure 
of  the  vessel  is  as  safe  as  that  effected  by 
torsion.  Should  the  Surgeon  wish  to  make  the 
arrest  of  bleeding  still  more  certain,  he  may 
give  the  forceps  a  few  turns  while  removing 
them,  and  thus  apply  torsion.  Forci-pressure 
is  occasionally  useful  in  deep  wounds  in  which  a 
ligature  cannot  be  applied.  In  these  cases,  in  order  to  make  the  closure  of  the 
vessel  more  certain,  the  forceps  may  be  left  in  the  wound  for  twelve  or  twenty- 
four  hours  and  then  carefully  removed. 

9.  Ligature  is  the  means  to  which  Surgeons  commonly  have  recourse  for 
the  arrest  of  hasmorrhage  from  wounded  arteries. 

The  Ligature  had  been  occasionally  and  partially  employed  by  the  later 
Roman  Surgeons ;  but  with  the  decline  of  Surgery  during  the  dark  ages  it  fell 
completely  into  disuse,  giving  way  to  such  barbarous  and  inefficient  modes 
of  arresting  hasmorrhagc  as  the  employment  of  the  actual  cautery,  the  per- 
formance of  operations  with  red-hot  knives,  or  the  application  of  boiling  pitch, 
or  of  molten  lead,  to  the  bleeding  and  freshly  cut  surface.  About  the  middle 
of  the  sixteenth  century  it  was  revived  or  re-invented  by  that  great  luminary 
of  the  French  school  of  Surgery,  Ambroise  Pare.  But  so  slowiy  did  the  lio-a- 
ture  make  way,  that  Sharpe,  Surgeon  to  Guy's  Hospital,  writing  in  17(51,  two 
centuries  after  its  re-introduction  by  Pare,  found  it  necessary,  in  his  well- 
known  work,  entitled,  "  A  Critical  Enquiry  into  the  Present  State  of  Surgery," 
formally  to  advocate  its  employment  for  the  arrest  of  hasmorrhage^from 
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wounded  arteries,  in  preference  to  styptics  or  the  cautery,  on  the  o-round  tliat 
"  it  was  not  as  yet  universally  practised  amongst  Surgeons  residing  in  the 
more  distant  counties  of  our  kingdom."  What,  it  may  be  asked,  was  the 
reason  that  it  took  two  centuries  to  promulgate  the  use  of  the  simplest  and 
most  efficacious  means  we  possess  in  surgery  for  the  arrest  of  ha3morrliage — a 
simple  tying  up  of  a  spouting  artery— a  means  that  no  Surgeon  could  now  for 
a  day  dispense  with  ?  The  reason  simply  was,  that  Surgeons  were  totally 
ignorant  of  the  means  employed  by  Xature  for  the  occlusion  of  arteries ;  that 
they  consequently  did  not  know  how  to  apply  a  ligature  to  these  vessels,  or 
what  kind  of  ligature  should  be  used ;  and  that,  in  their  anxiety  to  avoid  the 
occurrence  of  secondary  haiuiorrhage,  and  to  make  all  safe,  they  fell  into  the 
very  eiTors  they  would  have  endeavoured  to  avoid,  had  they  been  acquainted 
with  the  physiology  of  the  processes  by  which  Nature  accomplishes  the  closure 
of  the  artery  and  the  separation  of  the  thread. 

Between  twenty  and  thirty  years  after  the  time  at  which  Sharpe  wrote, 
Hunter  introduced  that  great  improvement  in  the  surgical  treatment  of 
aneurism — the  deligatiou  of  the  artery  at  a  distance  from  the  sac,  and  in  a 
healthy  part  of  its  course ;  but  this  great  accession  to  the  treatment  of  a  most 
formidable  disease  was  but  coldly  received,  and  ran  some  risk  of  being  lost  to 
the  world  in  consequence  of  the  ill-success  that  attended  the  earlier  ojDcrations. 
In  Hunter's  first  operation,  four  ligatures  were  used,  each  of  which  was 
applied  so  slackly  as  merely  to  compress  the  artery,  in  order  to  avoid  too 
great  a  degree  of  pressure  at  any  one  point ;  and  the  artery  was  denuded,  so 
that  a  spatula  could  be  passed  under  it.  Although  in  his  subsequent  operations 
Hunter  contented  himself  with  employing  but  one  ligature,  yet  sometimes  the 
vein  was  included  in  this  ;  and  he  did  not  draw  the  noose  tight  for  fear  of 
injuring  the  coats  of  the  vessel,  in  accordance  with  the  doctrine  of  the  day — ■ 
Surgeons  generally  at  this  time  being  haunted  by  the  dread  of  injuring,  and 
thereby  Aveakening,  the  coats  of  the  artery ;  and,  in  order  to  avoid  doing  so, 
they  adopted  modes  of  treatment  that  almost  infallibly  led  to  ulceration  of  the 
vessels  and  consecutive  htemorrhage.  The  application  of  several  ligatures  of 
reserve,  applied  slack— the  use  of  broad  tapes — the  interposition  of  plugs  of 
cork,  wood,  agaric,  or  lead,  or  of  rolls  of  lint  or  plaster,  between  the  thread 
and  the  A"essel,  were  some  amongst  the  plans  that  were  in  common  use.  And 
how  can  we  be  surprised  that  the  patients  perished  of  h£emoniiage,  and  that 
ligature  of  the  vessel  was  nearly  as  inefficient  and  fatal  a  means  of  arresting 
bleeding  as  the  use  of  a  cautery,  or  of  a  button  of  white  vitriol  ? 

Jones,  by  an  appeal  to  experiment,  and  by  means  of  a  series  of  admirably 
conducted  investigations  on  living  animals,  showed  that  the  very  point  which 
Surgeons  were  anxious  to  avoid — the  division  of  the  coats  of  the  vessel  by  the 
tightening  of  the  noose — was  that  on  which  the  patient's  safety  depended ;  he 
also  pointed  out  the  form  and  size  of  ligature  that  was  most  safe,  the  degree 
of  force  with  which  it  should  be  applied,  and  the  processes  adopted  by  Nature 
for  the  occlusion  of  the  vessel.  Thus  a  more  rational  practice  was  introduced, 
and  then,  for  the  first  time,  Surgeons  had  full  confidence  in  the  use  of  the 
ligature. 

Application  of  the  Ligature.— The  mode  of  application  of  the  ligature 
varies  according  as,  1,  the  cut  end  of  the  artery  has  to  he  tied  in  an  open 
wound,  or  as,  2,  the  vessel  has  to  be  sccu]-ed  in  its  continuity. 

1.  When  the  divided  vessel  in  an  open  wound  has  to  be  tied,  as  after  an 
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amputation,  the  nioutli  of  the  artery  must  l.e  seized  and  dra^vn  forwards  (Fig 
U->)  For  this  purpose  a  tenaculum,  or  sharp  liook,  was  formerly  used,  and 
answered  the  purpose  veiy  well.  There  are,  however,  some  objections  to  this 
instrument ;  thus,  it  occasionally  seizes  other  tissues  with  the  artery,  and,  as 
it  draws  the  vessel  forwards  by  perforating  its  coats,  it  has  happened  that,  an 
accidental  puncture  having  been  made  Ijy  it  l^ehind  the  part  to  which  tiie 
ligature  is  applied,  ulceration  of  the  vessel  and  subsequent  fatal  liasmorrhage 


have  ensued,  as  I  have  seen  m  one  case.  The  most  convenient  instrument  for 
the  purpose  of  drawing  forward  the  artery,  and  one  to  which  no  objection 
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whatever  applies,  is  Liston's  "  bull-dog  "  forceps.  These  have  been  conveni- 
ently modilied  by  having  the  blades  expanded  just  above  the  points  (Fig.  143), 
so  that  the  ligature  can  be  slipped  over  their  end  on  to  an  artery  that  is  deeply 
seated,  as  between  bones  or  close  to  the  interosseous  membrane  of  the  leg — a 
situation  in  which  it  is  sometimes  troublesome  to  tie  a  vessel  by  any  other 
means. 

In  applying  the  ligature,  care  must  be  taken  that  it  be  put  well  over  the  cut 
end  of  the  artery,  that  it  clear  the  points  of  the  forceps,  and  that  it  be 
tied  tightly  in  a  knot,  which  does  not  slip  (Fig.  144).  As  the  knot  is 
tightened,  the  tips  of  the  forefingers  should  be  in  close  contact  with  the 
points  of  the  forceps,  and  be  pressed  slightly  downwards  on  the  artery,  other- 
wise the  vessel  may  be  dragged  forwards  out  of  its  bed,  or  the  forceps  pulled 
off  it.  In  some  cases  the  bleeding  point  may  be  so  situated,  that  the  ligature 
is  most  conveniently  passed  under  and  round  it  by  means  of  an  ordinary 
curved  needle. 
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After  the  lig-atnre  is  tied,  tlie  ends  must  be  cut  oft"  or  left  according-  to  the. 
nature  of  the  material  employed. 

2.  When  the  artery  has  to  be  ligatured  in  its  continuity  at  the  injured 
spot  for  a  wound  whicli  does  not  completely  divide  it,  it  must  be  exposed  by 
as  carefiil  a  dissection  as  the  state  of  the  parts  will  admit ;  the  Avound  being- 
enlarged,  if  necessary,  in  such  a  direction  as  to  do  the  least  possible  injury  to 
surrounding  parts. 

If  for  any  reason  a  Surgeon  determine  to  ap})ly  a  ligature  at  a  distance 
fi-om  the  seat  of  the  disease  or  injury,  he  selects  tliat  part  of  the  vessel  which  is 
best  adapted  to  the  operation,  and  guided  by  his  anatomical  knowledge  exposes 
it  in  the  chosen  spot.  The  definite  operations  by  which  each  of  the  main 
arteries  may  be  exposed  and  tied  will  be  described  in  the  Chapter  on  the 
treatment  of  Special  Aneurisms  ;  but  the  general  principles  which  guide  the 
Sm'geon  in  the  application  of  a  ligature  to  a  large  artery  in  its  continuity  will 
be  given  here. 

Whenever  it  is  possible,  the  ligature  should  be  applied  at  some  distance 
from  any  branch,  in  order  that  the  formation  of  the  internal  coagulum  may 
not  be  interfered  with,  either  by  the  stream  of  blood  leaving  the  main  trunk 
immediately  on  the  proximal  side  of  ligature,  or  entering  it  by  means  of  the 
collateral  circulation  on  the  distal  side.  When  this  is  impossible,  it  is  safer 
to  apply  the  ligature  on  the  proximal  side  of  the  branch,  so  that  a  clot  may 
be  formed  above  it  and  protect  the  injured  part  of  the  vessel  ft'om  the  direct 
impulse  of  the  stream  of  blood  from  the  heart.  In  some  cases,  especially  if 
the  anastomosing  vessels  are  very  abundant,  it  would  be  safer  to  ligature 
tlie  branch  also  close  to  the  main  trunk. 

Other  things  being  equal,  that  pai*t  of  the  artery  is  to  be  chosen  which  is 
most  superficial,  and  in  relation  with  the  fewest  important  structures.  Thus 
the  point  selected  in  the  carotid  is  above  the  omo-hyoid,  and  the  superficial 
femoral  is  always,  when  possible,  tied  in  preference  to  the  popliteal. 

Having  determined  the  point  to  which  the  ligature  is  to  be  applied,  the 
operator  first  makes  an  incision  through  the  skin  and  fat  to  the  deep  fascia  ; 
he  then,  by  a  process  of  careful  dissection,  exposes  the  sheath  of  the  vessel, 
and  finally  opens  the  sheath  and  passes  the  aneurism  needle  between  it  and 
the  external  coat. 

The  first  incision  is  usually  made  in  the  course  of  the  vessel ;  for  in  most 
parts  of  the  body  the  chief  nerves,  veins,  and  muscles,  run  in  the  same  line  as 
the  main  artery.  When,  however,  an  incision  in  the  line  of  the  artery  would 
injure  important  parts,  the  Surgeon  must  make  an  oblique  or  transverse  wound, 
the  direction  being  determined  by  the  anatomical  relations  of  the  jjart.  Thus 
in  ligature  of  the  brachial  at  the  bend  of  the  elbow,  the  incision  is  made 
across  the  line  of  the  artery,  in  order  to  avoid  the  median  basilic  vein  ;  and  in 
ligature  of  the  external  iliac  it  is  made  nearly  parallel  to  Poupart's  ligament  to 
facilitate  the  retraction  of  the  ])eritoncuin  in  exposing  the  artery.  In  making 
the  incision,  the  Surgeon  is  guided  by  some  fixed  line  known  as  the  diredbuj 
or  guiding  liner  In  some  cases  this  corresponds  with  the  anatomical  line  of 
the  artery,  as  in  the  operation  for  ligature  of  the  anterior  tibial ;  in  others  it 
is  distinct  from  this,  having  reference  rather  to  the  structures  which  have  to 
be  turned  on  one  side  to  expose  the  vessel.  Thus  in  the  operation  for  ligature 
of  the  carotid  artery,  the  directing  line  for  the  first  incision  is  the  inner  edge 
of  the  sterno-mastoid,  while  the  line  of  the  artery  is  from  midway  between  the 
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aii«'le  of  the  jaw  and  the  mastoid  process  to  the  stern o-claTiciilai'  articulation. 
Both  the  anatomical  line  of  the  artery  and  the  surgical  directing  line  should 
be  carefully  studied  and  kept  in  mind. 

In  making  the  first  incision,  the  skin  should  l)c  put  on  the  stretch  by  the 
fingers  of  the  left  hand.  The  length  of  the  incision  will  necessarily  vary  with  the 
depth  of  the  artery  and  with  the  amount  of  superficial  fat  ;  but  it  must  always  be 
of  sufficient  length  to  give  the  operator  a  clear  %iew  of  what  he  is  doing  in  the 
deeper  dissection.  If  the  artery  be  superficial,  or  if  there  be  parts  of  im- 
poi'tance  in  its  vicinity,  the  incision  should  not  penetrate  deeper  than  the  skin. 
But  if  the  vessel  be  deeply  seated  and  no  parts  of  importance  intervene,  it 
may  be  carried  at  once  through  the  subcutaneous  areolar  tissue,  until  the  fascia 
is  exposed.  This  must  then  be  pinched  up  with  the  forceps,  and  opened  by 
the  edge  of  the  scalpel  laid  horizontally  (Fig.  51,  p.  B9).  Through  this  open- 
ing a  grooved  director  may  then  be  passed,  and  the  fascia  incised  upon  it, 
without  risk  to  subjacent  parts  ;  or  the  fascia  may  be  carefully  divided  by  the 
method  described  on  p.  4(),  Fig.  C. 

If  the  vessel  be  superficial,  its  sheath  will  come  into  view  as  soon  as  the 
deep  fascia  is  divided,  and  the  operator  proceeds  at  once  to  clean  the  artery 
and  to  pass  the  ligature  ;  but  if  it  be  more  deeply  seated,  the  dissection  must 
be  continued  till  the  vessel  is  exposed.  In  carrying  out  the  deejier  dissection, 
the  Surgeou  is  still  guided  by  definite  anatomical  points,  each  of  which  must 
be  made  out  in  order,  and  clearly  recognized.  Malgaigne  gave  these  the  name 
of  the  "  ralhjing  poinis  "  of  the  operation,  and  laid  down  the  following  excel- 
lent rule  : — "  The  Surgeon  should  not  at  once  set  himself  to  look  for  the 
artery,  but  should  seek  solely  the  first  rallying  point ;  then  the  second,  then 
the  third,  if  there  is  one  ;  and  so  on,  till  he  reaches  the  vessel."  Thus  in  the 
operation  of  ligature  of  the  carotid,  the  first  rallying  point  is  the  inner  edge 
of  the  sternomastoid,  and  until  that  is  made  clear,  nothing  else  should  occupy 
the  operator's  mind  :  the  second  point  is  the  upper  border  of  the  anterior 
belly  of  the  omo-hyoid,  and  it  is  not  till  this  is  found  and  drawn  downwards 
that  the  artery  itself  need  be  thought  of.  During  the  deeper  dissection  ref[uired 
to  expose  the  artery,  the  wound  must  be  held  open  with  blunt  hooks  or  copper 
spatula3,  and  this  duty  should  if  possible  be  entrusted  to  a  single  assistant.  If 
two  undei'take  it,  one  is  sure  to  pull  more  strongly  than  the  other,  and  thus 
disturb  the  relation  of  the  superficial  wound  to  the  deeper  parts. 

Having  reached  the  sheath,  the  next  step  of  the  operation  consists  in 
exposing  the  artery,  and  is  one  of  great  dehcacy.  The  object  of  the  operator 
is  to  open  the  sheath  in  such  a  way  that  the  needle  can  be  passed  between  it 
and  the  external  coat,  and  at  the  same  time  to  separate  the  artery  from  its 
sheath  for  as  short  a  distance  as  possible.  Separation  of  an  artery  from  its 
sheath  cuts  off  the  blood-supply  of  its  coats,  as  this  is  derived  from  the  vasa 
vasorum  Avhich  ramify  in  the  sheath ;  if,  therefore,  the  artery  be  separated 
extensively,  the  isolated  part  will  slough,  as  happened  when  several  tapes  were 
used.  At  the  same  time,  it  is  very  important  that  the  artery  be  reallv 
separated  cleanly  from  the  sheath,  as  if  this  is  done  a  smalle/ amount  of 
tissue  is  included  in  the  ligature,  and  the  division  of  the  inner  and  middle 
coats  is  more  perfectly  effected.  Perfect  cleaning  of  the  artery,  moreover, 
gi-eatly  facilitates  the  passage  of  the  needle.  If  we  cut  an  artery  through,  it 
retracts,  as  we  have  before  seen,  within  its  sheath,  leaving  that  attached'  to 
the  surrounding  parts.    This  clearly  shows  that  the  sheath  is  more  adherent 
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to  the  suiToundiiig  parts  than  to  the  external  coat,  and  that  the  loosest  tissne, 
through  which  the  needle  will  pass  most  readily,  is  that  between  the  sheath  and 
the  outer  coat.  In  fact,  if  the  artery  be  ]n-oporly  cleaned,  it  is  very  unlikely 
that  any  accident  will  happen  in  passing  tlie  needle. 

It  must  not  be  forgotten  that  some  of  the  larger  arteries  are  enclosed  in  a 
sheath  derived  from  the  fascia  of  the  part,  and  it  is  important  not  to  confound 
this  with  the  true  sheath.  Thus,  the  carotid  artery  is  enclosed  in  the  sheath 
of  cervical  fascia  common  to  it,  the  jugular  vein,  and  the  pneumogastric  nerve, 
and  in  this  case  the  operator  will  have  to  open  the  true  sheath  of  the  artery 
after  having  exposed  it  by  opening  the  connnon  sheath.  The  sheath  of  an 
artery  may  usually  be  recognized  by  the  small  vessels  that  can  be  seen  ramify- 
ing in  it,  while  the  external  coat  is  almost  white,  like  the  conjunctiva  and 
the  sclerotic  of  the  eye  respectively.  Syme's  rule  in  cleaning  an  artery,  "to 
dissect  down  till  the  '  white  coat  of  the  vessel '  comes  into  view,"  is  founded 
\\\)o\\  this  fact. 

The  sheath  is  opened  by  pinching  it  up  with  the  forceps  and  apply- 
ing the  knife  horizontally  (Fig-.  145).    The  point  should  never  be  used, 


nor  the  blade  turned  downwards  against  the  artery,  as  an  incautious  move- 
ment or  the  mere  pulsation  of  the  vessel  might  cause  it  to  be  wounded.  If 
the  white  coat  of  the  artery  does  not  come  into  view  at  once,  it  Avill  be  because 
the  sheath  is  not  completely  divided,  and  the  operator  must  then  pinch  it  up 
again  in  exactly  the  same  place,  and  again  cut  the  areolar  tissue  seized  in  the 
forceps.  The  appearance  of  the  white  external  coat,  and  the  exceedingly  loose 
areolar  tissue  which  comes  into  view,  show  him  when  he  has  completely  opened 
the  sheath.  He  then  catches  hold  of  the  edge  of  the  opening  he  has  made 
and,  putting  it  on  the  stretch,  proceeds  to  clean  the  artery,  gently  separating  it 
from  its  sheath  by  teazing  through  the  loose  areolar  connections  with  the  point 
of  the  laiife,  the  back  turning  to  the  artery  (Fig.  140),  and  being  careful  not  to 
expose  more  than  is  necessary,  but  at  the  same  time  to  clean  thoroughly  the 
part  to  be  tied.    Some  Surgeons,  after  opening  the  sheath,  prefer  to  clean  the 
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•artery  with  the  point  of  a  director,  and  there  is  no  doubt  that  if  the 
instrument  he  carefully  used  it  can  he  made  to  do  the  Avork  efficiently ;  hut  it 
is  more  difficult  to  clean  the  artery  thoroug-hly  with  it  than  ^\'ith  the  knife. 
During-  the  process  of  cleaning,  the  artery  itself  must  on  no  account  l)e 
seized  in  the  force]-)S,  and  care  must  he  taken  not  to  womid  any  small  hranch. 
Should  this  happen,  the  artery  must  he  tied  on  each  side  of  the  injured  spot. 

The  artery  being  thoroughly  clean,  the  ligature  may  now  he  passed. 
Much  ingenuity  has  been  expended  in  devising  instruments  for  this  piu'pose : 
in  the  majority  of  cases  the  common  aneurism-needle — well  ground  down, 
but  rounded  at  its  extremity — is  all  that  is  required;  but  occasionally  it 
may  be  advantageous  to  use  a  needle  with  a  small  curve.    To  pass  the 


Fig.  147.— Passing  the  Xei'dle  :  1st  stage.  Fig.  14S. — Passing  tlie  Xeodle  :  2nd  stago. 


ligature,  the  edge  of  the  opening  in  the  sheath  must  be  held  tightly  in  the 
forceps  and  pulled  slightly  so  as  to  put  it  on  the  stretch.  The  needle  is 
then  ]3assed  from  the  forceps  (Fig.  147) ;  as  soon  as  its  point  begins  to 
appear  on  the  other  side  of  the  artery  the  operator  must  shift  the  forceps  to 
that  side,  and  catching  hold  of  the  edge  of  the  opening  in  the  sheath  must 
draw  it  out  of  the  way  of  the  ]ioint  of  the  needle  (Fig.  148).  The  needle  should 
be  passed  without  the  ligature,  and  afterwards  threaded  whene^'er  this  is 
possible.  In  very  deep-seated  arteries,  such  as  the  iliacs,  this  is  often  imprac- 
ticable ;  it  must  then  be  passed  threaded,  and  the  loop  of  the  ligature  caught 
in  a  pair  of  forceps  before  the  needle  is  withdrawn. 

The  needle  must  always  be  pnssed  from  the  most  important  strucft(res  in  the 
neighbourhood  ;  thus,  Avhen  a  single  large  vein  accompanies  the  artery,  it  must 
be  passed  from  this  ;  when  there  is  a  ^-ein  on  each  side  and  a  nerve  on  one 
side,  it  must  be  passed  from  the  nerve.  If  care  be  not  taken,  the  vein  mav  be 
transfixed  or  included  in  the  ligature  ;  an  accident  that  has  often  terminated 
fatally  by  phlebitis  or  gangrene.  The  Surgeon  must  be  on  his  guard  not  to 
mistake  any  contiguous  nerve  for  the  artery,  as  has  happened  to  the  most 
experienced  operators  ;  and  also  to  avoid  transfixing  and  tying  a  portion  of  the 
sheath  instead  of  the  vessel,  as  I  have  knoAvn  ha]ipen  to  a  most  excellent 
Surgeon.  These  accidents  can  scarcely  occur  in  a  healthy  state  of  the  parts 
if  the  artery  be  thoroughly  and  carefully  cleaned,  and  the  needle  passed  actually 
in  contact  with  the  external  coat. 
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After  the  ligature  has  been  passed,  its  two  ends  should  be  held  firmly  in  one 
hand  and  the  fore-finger  of  the  other  hand  pressed  down  into  the  loo]),  while 
an  assistant  feels  the  pulsation  of  some  branch  below,  or  of  the  tumour  in  the 
case  of  an  aneurism.  If  the  pulsation  is  arrested  by  the  pressure  of  the  finger 
in  the  loop  of  the  ligature,  the  operator  is  sure  that  he  has  got  the  artery,  and 
he  may  tie  the  knot.  The  ends  of  the  ligature  are  then  cut  off  close  or  left 
hanging  out  of  the  wound,  according  to  the  material  of  which  it  is  composed. 

In  ligaturiug  an  artery  in  its  coutiuuity  the  injured  portion  is  necessarily 
exposed  to  the  longitudinal  strain  due  to  the  elasticity  of  tlie  artery.  On  the 
other  hand,  when  the  vessel  is  completely  divided  and  each  end  tied  separately 
this  source  of  disturbance  is  removed.  It  has  been  fre(inently  suggested  that 
it  would  be  safer  in  all  cases  to  apply  two  hgatures  and  to  divide  the  artery 
between  them.  This  practice  has  had  many  advocates,  the  chief  of  whom  in 
this  country  was  Abernethy  ;  but  it  never  came  into  general  use.  It  has, 
however,  lately  been  revived  by  Walsham  in  St.  Bartiiolomew's  hospital,  aiid 
possibly  it  may  be  of  service  in  those  parts  of  the  body  in  which  it  is  not  easy 
by  position  to  relax  the  vessel  and  keep  it  at  perfect  rest  after  it  is  tied. 

Effects  of  Ligature. — The  immediate  effects  on  an  artery  of  the  applica- 
tion of  a  silk  or  tiu'ead  ligature  witli  a  proper  degree  of  force  are  the  division 


Fig.  140. — Iiuiiiediate  cflects  of  the 
Ai)i)lication  of  a  Ligature. 


Fig.  150. — Femoral  Artery, 
fifty-six  lionr.s  after  Am- 
l)utatioii. 


of  the  internal  and  middle  coats  of  the  vessel  (Fig.  141)),  and  the  constriction  of 
its  outer  one.  The  divided  coats  are  separated  for  a  short  distance  from  the 
external  coat  and  turned  upwards  and  downwards  into  the  lumen  of  the  vessel. 

The  first  change  that  takes  place  after  the  application  of  the  ligature  is  the 
Formation  of  the  Internal  Coagulum,  whicli  is  an  important  ]3art  of  the 
process  of  2)crmaiient  obh'teration  of  the  artery.  For  the  first  few  hours  there 
is  little  if  any  appearance  of  this  ;  but,  if  opportunity  ofier  to  examine  an  artery 
in  the  human  subject  about  twenty-four  or  thirty-six  hours  after  the  applica- 
tion of  the  ligature,  a  coagulum  will  usually  be  found  extending  some  distance 
from  the  ligature  and  adherent  by  its  base  to  the  injured  part  of  the  vessel. 
The  part  in  immediate  contiict  with  the  divided  inner  and  middle  coats  will 
by  this  time  be  found  to  be  of  a  yellowish  or  buff  colour,  owing  to  its  being 
infiltrated  or  replaced  by  the  inflammatory  exudation  whicli  has  been.  ]:)oured  out 
in  the  bottom  of  the  cul-de-sac  formed  by  the  turning  inwards  of  the  divided 
coats.  About  the  third  day  the  clot  (Fig.  1.10)  will  be  found  to  be  conical  in 
form,  firmer  in  structure,  and  more  adherent  to  the  inner  coat  of  the  artery. 
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and  by  this  time  it  extends  most  frequently  as  fiir  as  the  nearest  branch  given 
off  from  the  vessel  above  the  ligature.  Its  base  is  more  distinctly  decolourized, 


Fig.  lul. — Ligatured 
Artery  laid  open, 
sliowiiig  iutemal 
c.o.iuiiluiu. 


Fig.  152.  —  Partial 
Absoriitioii  of 
Ooaguliiin  in 
Feiiitiral,  four- 
teen liays  after 
Aniinitation. 


the  remainder  being  of  a  dark  purple  or  maroon  colour.  Its  apex  lies  loose 
and  floating  in  the  artery. 

The  further  chane-es  that  occur  within  the  arter^•  are  the  same  as  those 


Fig.  loS.—  Femoral  Ar- 
teries, ten  (lays  after 
Amputation  of  Tliigh. 
Death  from  Pyicniia. 


Fig.  154.— Femoral  Artery, 
six  weeks  after  AnipuUi- 
tion. 


already  described  as  taking  place  in  the  permanent  closure  of  a  divided  arterv 
(page  297). 
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111  some  cases  there  is  an  imperfect  formation  of  the  internal  coaguhmi,  or 
even  a  total  absence  of  it  should  a  branch  arise  immediately  above  the  liga- 
ture. In  other  cases  the  insuiiicient  formation  of  the  coagulum  is  apparently 
due  to  the  constitutional  condition  of  the  patient.  Sometimes  the  clot  seems 
to  undergo  a  kind  of  disintegTation  or  licjuefactiou  after  it  has  been  formed. 
This  I  have  seen  happen  in  a  case  of  ligature  of  the  carotid  artery,  in  which 
death  occurred  from  visceral  disease  ten  A\-eeks  after  the  operation  ;  and  in 
the  femoral,  in  cases  of  pytemia  (Fig.  152). 

When  an  artery  is  ligatured  in  its  continuity,  the  coagulum  formed  in  the 
distal  ad-de-sac  is  seldom  as  abundant  as  that  on  the  proximal  side  of  the 
ligature.  In  other  respects  the  internal  changes  that  occur  are  identical  on 
the  two  sides  of  the  ligature. 

The  changes  that  take  place  outside  the  artery  are  of  equal,  if  not  of 
greater,  importance  than  those  going  on  within.    They  require,  however,  no 
special  description,  for  they  are  merely  the  ordinary  processes  of  repair,  such 
as  go  on  in  the  union  of  a  wound.    As  an  immediate  consequence  of  the  in- 
jury necessitating  the  application  of  the  ligature,  or  inflicted  in  applying  it,  an 
abundant  coagulable  exudation  takes  place,  and  before  twenty-four  hours  are 
past  the  space  between  the  external  coat  and  the  sheath  for  some  distance  on 
each  side  of  the  ligature  is  filled  by  firm  "  coagulable  lymph,"  composed  of 
migrated  white  corpuscles  entangled  in  the  meshes  of  coagulated  fibrin. 
The  ligature  itself,  the  injured  part  of  the  arteiy,  and,  in  the  case  of  a  di\ided 
vessel,  the  part  beyond  the  ligature,  are  speedily  embedded  in  the  same 
material.    The  subsequent  processes  depend  entirely  on  the  nature  of  the 
material  of  which  the  ligature  is  composed,  and  the  success  attending  the 
Surgeon's  efforts  to  obtain  primary  union  of  the  wound.    If  tlie  Ugature  UseJf 
is  unirritatlng,  and  the  conditions  necessary  for  j^rimary  union  of  the  wound 
(see  page  20!))  arc  present,  vascularization  of  the  exudation  commences  on 
the  second  day,  and  the  injured  part  of  the  vessel  is,  before  many  days  are 
past,  surrounded  by  finn  granulation- tissue  developing  into  the  fibrous 
tissue  of  the  scar.    The  ligature,  as  we  shall  see  hereafter,  if  absorbable, 
becomes  penetrated  by  leucocytes  and  disappears,  this  process  being  un- 
accompanied by  acute  inflammation  or  suppuration ;  and  the  experiments 
of  Tilhnanns  and  others  have  shown  that  the  same  process  takes  place  in  the 
portion  of  the  artery  beyond  the  ligature.    The  similar  ciianges  which  are 
taking  place  in  the  nodule  of  exudation-matter  within  the  vessel  can,  under 
these  circumstances,  proceed  without  any  disturbance  from  without.  Under 
such  favourable  conditions  as  these,  secondary  haamorrhage  is  impossible,  and 
thus  it  is  that  statistics  show  that  the  modern  improvements  in  the  treatment 
of  wounds  have  diminished  the  frequency  of  secondary  hiemorrhage  in  the 
same  proportion   as  they  have  diminished  pytemia  and  other  unhealthy 
processes.    But  should  the  liijaiurc  U  composed  of  an  irritating  material  wliich 
has  to  cut  its  way  through  the  ligatured  vessel  by  ulceration,  a  localized 
inflammation  with  suppuration  is  kept  up  in  the  immediate  neighbourhood  of 
the  injured  part  of  the  artery.    As  a  rule  this  process  is  closely  limited  to  the 
immediate  neighbourhood  of  the  ligature  ;  and,  by  the  time  the  noose  ulcerates 
through  the  external  coat,  repair  is  sufficiently  advanced  within  the  vessel  to 
render  it  capable  of  withstanding  the  force  of  the  blood-stream— the  firm 
adhesion  of  the  clot  to  the  inner  coat  serving  under  these  circumstances  the 
important  purpose  of  breaking  the  direct  impulse  of  the  wave  of  blood  upon 
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the  new  tissue  closing  tlie  yessel.  There  are  two  sources  of  clanger  in 
connection  with  the  coming  away  of  the  ligature ;  either  the  sloughing  may- 
be too  e^•tensi^'e,  or  the  ulceration  through  the  artery  may  take  place  before 
the  reparative  material  within  is  sufficiently  firm.  Too  extensive  sloughii% 
may  arise  when  the  artery  is  tied  in  its  continuity,  from  the  vessel  having 
been  separated  from  its  sheath  to  too  great  an  extent  during  the  dissection 
required  to  expose  it,  and  its  nutrient  vessels  being  consequently  divided  in 
great  numbers,  so  as  to  deprive  that  portion  of  the  coats  of  the  vessel  of  its 
vascular  supply  ;  hence  the  danger  of  passing  a  spatula,  director,  or  the 
handle  of  a  scalpel  under  the  artery,  and  also  of  applying  several  ligatures 
or  a  single  wide  ligature.  When  the  artery  has  l)een  divided,  sloughing  is 
most  connnonly  the  result  of  unhealtliy  septic  processes  going  on  in  the 
wound,  especially  if  the  artery  have  been  cut  long,  so  that  its  free  end  is 
l)athed  in  the  decomposing  discharges.  Premature  ulceration  of  the  vessel 
may  occm-  from  the  use  of  too  thick  a  ligature,  which,  as  before  stated,  by 
causing  greater  irritation,  hastens  the  process  of  separation  ;  from  excessive 
degeneration  or  inflammatory  softening  of  the  artery  at  the  point  ligatured  ; 
or  from  unhealthy  processes  occurring  in  the  wound,  especially  the  presence 
of  pent-up  decomposing  discharges. 

So  soon  as  the  ligature  has  ulcerated  through  that  portion  of  the  artery 
which  is  included  in  its  noose,  it  becomes  loosened  and  separates  ;  frequently 
being  thrown  off  with  the  discharges,  or  becoming  detached  on  the  slightest 
traction.  The  period  of  the  separation  of  the  ligature  depends  upon  the  size 
of  the  artery,  the  thickness  of  its  coats,  and  of  the  ligature  itself.  From 
the  radial  or  ulnar  arteries,  it  is  usually  detached  by  the  eighth  day  ;  from 
the  femoral,  iliac,  or  subclavian,  about  the  sixteenth  or  twentieth  day. 
In  some  cases  the  ligature  will  continue  attached  for  a  much  longer  period 
than  this,  owing  to  the  inclusion  within  its  noose  of  a  bit  of  fascia, 
nerve,  or  muscular  substance.  In  order  to  hasten  the  separation  in  these 
cases,  moderate  traction  and  occasional  twisting  of  the  ligature  may  be 
practised. 

The  Ligature. — The  best  material  to  use  for  tying  an  artery  has  been  the 
subject  of  much  experimental  inquiry  and  abundaut  discussion,  and  can 
hardly  yet  be  said  to  be  finally  determined.  Ligatures  may  be  di-\-ided 
into  two  chief  classes  :  first,  those  intended  to  cut  through  the  artery  by 
a  gradual  process  of  ulceration,  and  then  to  be  removed  from  the  wound  ; 
and  secondly,  those  intended  to  become  enclosed  in  the  wound  during 
the  process  of  healing,  and  either  to  remain  permanently  encapsuled  or  to  be 
absorbed. 

1.  Until  about  fifteen  years  ago,  when  absorbal)le  ligatures  were  re-intro- 
duced into  practice  in  connection  with  the  antiseptic  treatment  of  wounds,  the 
vast  majority  of  Surgeons  made  use  of  lii/atures  which  were  removed  from  the 
v'ound  after  having  cut  tJirough  the  artery  hj  a  2Jrocess  of  ulceration.  The 
material  commonly  employed  with  this  object  is,  either  "  dentist's  silk  "  or 
compressed  whip-cord  well  waxed.  The  ligature  is  waxed  for  three  reasons  : 
first,  to  make  it  more  easy  to  tie  when  the  operator's  hands  are  slippery  with 
blood  ;  secondly,  to  prevent  the  danger  of  the  knot  slipping  after  it  has  been 
tied  ;  and  thirdly,  to  render  it  as  far  as  possible  non-absorbent,  and  thus  to 
prevent  its  taking  up  septic  matter,  and  becoming  needlessly  irritating.  In 
the  absence  of  special  antiseptic  precautions,  however,  this  last  object  "is  but 
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imperfectly  attained.  The  ligature  always  becomes  impref^'nated  with  the  pro- 
ducts of  putrefaction,  and  thus  acting  like  a  seton  produces  a  suppurating- 
track  in  its  course.  Inflammation  and  suppuration  are  thus  kept  np  at  the 
part  of  the  vessel  to  which  the  ligature  is  applied  until  it  separates,  and  the 
source  of  irritation  is  thus  removed.  Thus  no  true  repair  can  take  place  out- 
side the  ligatured  vessel  till  after  the  removal  of  the  ligature.  In  the  vast 
majority  of  cases,  however,  the  processes  of  repair  going  on  inside  the  vessel 
are  quite  suiiicient  to  close  the  artery  safely  ;  and  thus  haemorrhage  on  the 
separation  of  the  ligature  is  of  comparatively  rare  occun-ence.  As  has 
already  been  stated,  the  period  at  which  the  process  of  ulceration  through 
the  external  coat  is  completed  varies  with  the  size  of  the  artery  and  the 
thickness  of  the  ligature.  Malgaigne  pointed  out  that  the  size  of  the  liga- 
ture also  exercises  a  marked  influence  on  the  time  at  which  it  comes  away  ; 
the  thicker  the  ligature  the  more  irritation  it  excites,  and  the  sooner  is  the 
process  of  ulceration  through  the  vessel  completed.  It  is  therefore  safer  to 
nse  the  finest  thread  possible,  provided  it  is  of  sufficient  strength,  as  thereby  the 
danger  of  premature  separation  is  to  a  great  extent  avoided,  while  at  the  same 
time  the  inner  and  middle  coats  are  more  cleanly  divided.  In  some  rare  cases, 
as,  for  example,  when  the  coats  of  the  arteiy  are  softened  by  inflammation,  it 
may  be  necessary  to  use  a  thicker  ligature  for  fear  of  cutting  through  the 
external  coat  ;  but  with  healthy  vessels  the  larger  arteries  require  no  thicker 
ligatm'es  than  the  smaller.  If  it  be  intended  to  remove  the  ligature,  one  end 
may  be  cut  short  and  the  other  brought  out  of  the  wound  at  the  most 
convenient  part.  The  ligature  on  the  main  artery  in  an  amputation  may  have 
both  ends  left,  and  knotted  together  as  a  distinguishing  mark.  After  the  first 
four  days  the  ligatures  on  the  smaller  vessels  may  be  gently  pulled  to  see  if 
they  are  loose,  but  no  force  should  be  used.  The  ligature  on  the  main  artery 
should  not  be  touched  till  after  the  tenth  day  in  the  arm,  and  the  fourteenth 
in  the  lower  limb. 

Ligatures  are  much  less  frequently  applied  in  this  way  at  the  present  time 
than  they  were  formerly,  except  on  open  surfaces  in  which  healing  must  take 
place  by  granulation. 

2.  Ligatures  which  hecome  endosfid  in  the  wound  during  the  process  of  healing, 
and  remain  j)(^rmane)ithj  encapsuled  or  become  absorbed. 

Wire  Ligatures  have  been  used  with  this  intention  in  America.  The 
idea  originated  with  Physick  and  Levert  of  Alabama,  who  jierfonned  several 
experiments  with  threads  of  gold,  silver,  platinum,  and  lead.  I'hcy  found 
that  with  these  the  arteries  of  animals  could  be  successfully  tied,  and  that,  the 
material  of  the  ligature  being  unirritating,  no  evil  from  suppuration  ensued. 
When  the  ends  of  the  ligature  were  cut  off  close  to  the  vessel,  it  was  found 
that  the  small  metallic  noose  became  embedded  in  a  cellular  capsule.  For  some 
reason  this  means  fell  into  disuse,  until  it  was  re\-ived  by  Mai'ion  Sims.  At 
his  suggestion  I  tried  it  in  several  cases  of  amputation  and  other  surgical 
operations,  but  soon  abandoned  it,  as  I  found  great  inconveniences  resulting 
from  its  use.  If  the  ends  of  the  wire  were  left  out  of  the  wound,  the  noose 
])ecame  embedded  in  a  mass  of  plastic  matter,  did  not  separate,  and,  after 
several  weeks,  required  considerable  force  to  detach  and  disconnect  it.  If  the 
ends  Avere  cat  short,  the  sides  of  the  wound  healed  over  them  ;  they  became 
encapsuled,  but  were  by  no  means  innocuous  ;  in  some  cases  giving  rise  to 
severe  neuralgia  of  the  stump  by  pressure  on  and  irritation  of  neighbouring 
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nerves ;  in  others,  after  some  weeks,  causing  localized  circumscribed  abscesses 
to  form. 

The  employment  of  Ligatures  made  of  Materials  that  admit  of 
Absorption  in  t?Le  wound  was  long  ago  a  favourite  idea  with  many  Surgeons, 
and  is  one  on  which  much  experimental  ingenuity  has  at  ^'arious  times  been 
expended  :  for  the  idea  is  a  captivating  one,  and  if  it  can  be  safely,  certainly, 
and  successfully  carried  out  in  practice,  it  will  undoubtedly  remove  one  of 
the  obstacles  to  the  union  of  wounds  by  the  first  intention.  With  this  view, 
it  was  proposed  to  substitute  ligatures  made  of  animal  substances  for  the 
ordinary  threads  made  of  hemp.  Silk  thread  cut  short  and  left  in  the  wound 
was  used  by  Sir  W.  Lawrence  in  1815,  and  at  first  with  success,  union  of  the 
wound  taking  place  in  four  to  six  days,  without  suppuration.  But  other 
Surgeons  failed  in  this,  and  Lawrence  himself  was  soon  compelled  to  give  it 
up  from  want  of  good  results  in  his  subsequent  cases.  Wardrop  substituted 
the  gut  of  the  silk-worm  made  into  a  fine  cord,  but  with  equally  unsatisfactory 
results. 

Catgut  was  used  by  Sir  Astley  Cooper  as  a  material  that  was  more  likely  to 
dissolve,  or  to  be  absorbed,  than  silk  in  any  shaj^e.  The  first  cases  in  which  it 
was  employed  as  a  ligature  were  full  of  promise.  In  one,  a  patient  aged  eighty, 
the  wound  healed  in  four  days,  and  in  another  in  twenty,  and  in  neither  did 
the  noose  of  the  ligature  re-appear.  But  other  Surgeons  failed  to  imitate  this 
success  ;  the  catgut  was  found  to  be  too  weak,  and  the  distinguished  author  of 
the  practice  could  not  himself  maintain  his  first  success  with  it,  and  eventually 
fell  back  on  the  ordinary  hempen  thread. 

Strips  of  deer-skin  were  used  by  Jameson,  of  Philadelphia,  and  other  American 
Surgeons  about  the  same  time  ;  probably  in  1814,  before  Lawrence's  or  Cooper's 
experiments.  They  were  found  to  answer  better  than  cither  silk  or  catgut, 
being  stronger,  more  elastic,  and  more  readily  soluble.  These,  however,  also 
fell  into  disuse,  for  what  reason  does  not  clearly  appear. 

The  idea  of  employing  ligatures  made  of  animal  substances,  that  would 
admit  of  absorption,  and  allow  the  wound  to  be  immediately  closed  over  the 
noose — which  would  not,  in  fact,  act  as  foreign  bodies  in  the  wound  or  as 
causes  of  suppuration— stiU  occasionally  presented  itself  to  the  minds  of  Sur- 
geons ;  and,  amongst  others,  Velpeau  speaks  of  it  with  favour,  admitting,  how- 
ever, that  their  precise  nature  and  form  have  to  be  determined. 

Carbolized  Catgut.— Of  late  the  use  of  catgut  has  been  revived  by  Lister, 
in  connection  with  his  "Antiseptic  Method"  of  dressing  wounds,  and  ex- 
perience has  shown  that,  when  properly  prepared,  it  is  a  perfectly  reliable 
material. 

Unprepared  catgut,  such  as  was  used  by  Sir  Astley  Cooper,  is  quite  untrust- 
worthy. In  warm  blood-serum  out  of  the  body  it  softens  and  becomes  pulpy 
and  useless  in  about  half  an  hour.  The  original  mode  of  preparation  of  the 
carbolized  gut,  as  described  by  Lister,  is  as  follows  :— "  It  must  be  suspended  for 
somie  weeks  in  an  emulsion  of  water,  carbolic  acid  and  oil,  in  which,  after  o-rowino- 
soft  and  opaque  during  the  first  few  days,  it  gradually  experiences  an  opposite 
change,  and  at  length  becomes  again  quite  transparent,  and  is  then  little 
aflPected  by  water,  and  holds  better  when  tied  than  waxed  silk.  The  emulsion 
is  best  made  by  mixing  one  part  of  crystallized  carbolic  acid,  deliquesced  by 
means  of  water,  with  five  pai-ts  of  ohve-oil.  The  very  fine  "emulsion  that 
results  IS  placed  m  a  covered  jar,  having  a  partition  of  glass  or  other  material 
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supported  by  pebbles  at  a  short  distance  abo.ve  the  bottom,  to  afford  space  for 
water  that  slowly  subsides  to  aQcumnlate  in  and  keep  it  from  coming  into 
contact  with  the  hanks-^of  gut  wljich  are  placed  loosely  in  the  upper  part  of 
the  vessel.  The  process  of  preparation  goes  on  best  in  a  cool'place,  and  should 
be  continued /or  two  months  at  Imst ;  and  the  gut  goes  on  improving  for  an 
unlimited  time  if  retained  in  the  same  oil." 

Excellent  result's  were  obtained  from  the  gut  prepared  in  this  way,  but  *the 
length  of  time  required  before  it  was  fit  for  use  formed  a  serious  objection  to 
the  process.  Lister  therefore  undertook  a  series  of  experiments  with  various 
re-agents  in  the  hope  of  finding  some  equally  efiicieut  and  more  rapid  method. 
Among  the  substances  with  which  he  experimented,  chromic  acid  w^as  found  to 
give  the  best  results  ;  but  if  this  is  used  alone  or  too  strong,  the  gut  becomes 
over-prepared  and  as  unabsorbablc  as  a  w'ire  ligature.  The  method  of  prepa- 
ration finally  adopted  is  the  following.  Dissolve  one  part  of  chromic  acid  in 
4,000  parts  of  distilled  water,  and  add  to  the  solution  200  parts  of  pure  car- 
bolic acid  or  absolute  phenol.  Place  in  the  solution  a  quantity  of  catgut 
equal  in  weight  to  the  carbolic  acid  ;  the  gut  must  not  b^  in  loose  hanks,  but 
wound  round  some  solid  body  to  prevent  its  untwisting  while  soaking.  If  too 
much  gut  be  added,  it  will  be  under-pi-epared  and  soften  in  the  wound  ;  if  too 
little,  there  is  a  danger  of  its  becoming  over-prepared  and  unabsorbable.  At 
the  end  of  forty-eight  hours  the  preparation  is  complete,  and  the  gut  may  be 
removed  and  dried.  As  soon  as  it  is  dry,  it  is  to  be  placed  in  a  1  to  5 
solution  of  carbolic  acid  in  oil,  and  it  is  then  fit  for  use  ;  or  it  may  be  kept 
diy  and  put  in  a  1  in  20  watery  solution  for  a  quarter  of  an  hour  before  it 
is  used. 

The  fate  of  a  prepared  catgut  liga^re  in  a  wound  has  been  the  subject  of 
much  discussion.  The  examination  of  ligatures  applied  in  animals,  and  of 
pieces  of  gut  used  as  sutures  and  ligatures  in  the  human  subject,  have,  how- 
ever, tolerably  clearly  proved  that,  provided  all  goes  well,  the  following  changes 
occur.  Within  a  short  time  of  its  application  the  carbolic  acid  it  contains 
diflFiises  out  of  it  into  the  surrounding  serum,  and  the  catgut  then  becomes  a 
perfectly  unin-itating  thread  of  fibrous  tissue,  and  consequently  has  no  tendency 
to  excite  inflammation  or  suppuration  in  its  neighl)ourhood.  It  may,  however, 
become  irritating  if,  after  losiiig  its  carbolic  acid,  it  decomposes  or  becomes 
soaked  in  decomposing  discharges.  In  this  state  it  presents  no  advantage  over 
an  ordinary  silk  or  hemp  ligature  r  iu  fact,  it  is  less  safe,  as  by  its  premature 
softening  it  may  leave  the  external  coat  unsupported  before  repair  has  suffi- 
ciently advanced  internally.  If  preserved  from  decomposition  by  the  anti- 
septic treatmeiit,  it  becomes  buried  and  absorbed  in  the  granulation -tissue 
developed  in  the  process  of  repair  of  the  wound.  "In  properly  prepared  catgut 
the  absorption  proceeds  solely  from  the  surface,  the  ligature  swelling  and 
softening  but  little.  If  such  a  ligature  be  examined  when  partially  absorbed, 
it  will  be  found  that  the  surface  has  lost  its  smooth  outline,  being  eaten  out 
into  hollows,  w^hich  are  filled  with  cells  having  the  appearance  of  leucogytcs. 
Occasionally  a  few  larger,  many-nucleated  cells  are  met  with.  In  an  imperfectly 
prepared  ligature  the"  cells  can  be"  seen  penetrating  deeply  into  the  substance 
of  the  gut  between  the  bundles  of  fibrous  tissue.  Fig.  155  represents  the 
surface  of  a  piece  of  carbolizcd  catgut  i"  thickness,  used  as  a  deep 

stitch  in  a  ^^'ound,  treated  antiseptically,  which  healed  by  the  first  intention. 
It  was  removed  at  the  end  of  six  days,  and  was  still  tough  and  strong,  being 
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only  superficially  destroyed,  about  one-fifteenth  of  its  thickness  having  disap- 
peared. The  gut  was  prepared  by  the  old  process,  without  chromic  acid,  and 
had  been  in  carbolic  oil  for  about  three  years.  A  portion  of  the  same  hank 
had  been  successfully  used  to  ligature  the  femoral  artery  in  a  case  of  popliteal 
aneurism. 

Finally,  as  has  been  shown  by  Lister,  the  ligature  completely  disappears,  a 

little  ring  of  new  fibrous  tissue  behig 
developed  round  the  vessel  in  its  place. 
Thus  the  artery  is  not  cut  through,  the 
continuity  of  the  external  coat  remain- 
ing uninterrupted.  The  inner  and  middle 
coats  are  as  a  rule  cut  through  in  the 
application  of  the  ligature  ;  but  should 
it  be  thought  advisable  not  to  do  this, 
as  in  the  case  of  some  of  the  larger 
arteries,  it  can  be  avoided  by  using  the 
thickest  obtainable  gut,  and  employing 
less  force  in  its  application. 

The  use  of  the  catgut-ligature  has 
not  however  been  limited  to  wounds 
treated  antiseptically,  and  good  results 
have  been  obtained  in  cases  treated  by  other  methods.  In  these  cases  the  fate 
of  the  ligatm-e  is  less  certain.  If  it  becomes  buried  in  the  coagulable  exu- 
dation which  in  the  first  few  hours  unites  the  surfaces  of  a  well-drained 
and  -rested  wound,  it  is  protected  from  decomposition,  and  then  follows 
the  course  above  described.  If  it  should  become  bathed  in  septic  discharges 
it  softens  rapidly,  and  the  knot  is  usually  thrown  off  like  a  small  slough  ;  or 
the  ligature  may  break  up  and  disappear  altogether. 

The  changes  that  occur  within  the  artery  after  the  application  of  a  catgut- 
ligature  do  not  diflFer,  so  far  as  is  known,  fi'om  those  following  any  other  mode 
of  arresting  arterial  haemorrhage. 

The  use  of  the  catgut-hgature,  although  at  least  as  successful  as  any  other 
mode  of  arresting  arterial  hfemorrhage,  has  not  been  altogether  unattended  by 
accidents.    These  have  been  due  in  most  cases  to  premature  softeninij  of 
the  gut,  or  to  slijjpwg  of  ilie,  hiot.    The  premature  softening  is  caused  by 
imperfect  preparation.    The  older  method  of  preparing  carbolized  catgut 
occupied  at  least  two  months,  and  even  then  it  was  occasionally  under- 
prepared.    There  seems  reason  to  hope  that  this  accident  will  for  the  future 
be  avoided  by  the  employment  of  the  new  form  of  catgut  prepared  by  means 
of  chromic  acid.    The  slipping  of  the  knot  is  sometimes  due  to  the  gut  being 
too  rigid  to  tie  closely  ;  such  gut  should  never  be  used.    Well-prepared  gut 
will  tie  as  closely  as  silk  of  the  same  thickness.    When  applied  to  an  artery  in 
its  continuity,  the  catgut-ligature  has  in  some  cases  failed  to  obHterate  the 
vessel.    Thus,  in  a  case  under  the  care  of  Christopher  Heath,  at  University 
College  Hospital,  the  femoral  became  pervious  shortly  after  the  operation, 
necessitating  the  application  of  a  second  ligature  at  a  lower  point.    In  a  case 
recorded  by  T.  Smith,  of  Bartholomew's  Hospital,  not  only  did  the  ligature  fail 
to  obliterate  the  artery,  but  a  traumatic  aneurism  formed  at  the  point  at 
which  it  had  been  apphed.    McCarthy  has  also  recorded  a  case  in  which  the 
artery  became  pervious  shortly  after  the  operation.    In  these  cases  the 
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Fig.  155. — Aljsorx>tion  of  catgut  ligature,  six 
days  in  an  aseptic  wouiiil.  Surface  i>f  catgut 
is  splitting  up.  Leucocytes  cover  it  and  wander 
into  the  lissures.  I.  leucocytes ;  c.  catgut 
fibres. 
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ligiiture  failed  to  accomplish  the  purpose  for  which  it  was  applied.  It  is  most 
probable  that  in  all  it  was  due  to  premature  softening  of  the  gut.  Treves 
also  has  recorded  a  case  in  which  after  108  days  the  carotid  artery  was  found 
to  be  patent  but  narrowed  at  the  seat  of  ligature  by  a  kind  of  perforated 
diaphragm.  In  a  case  at  University  College  Hospital,  in  which  the  right 
carotid  was  tied  below  the  omo-hyoid  for  an  aneurism  ojiposite  the  larynx,  the 
vessel,  when  the  man  died  of  an  aortic  aneurism  one  year  after,  was  then 
found  to  be  obliterated  from  the  aneurism  to  the  innominate.  Its  coats 
were  continuous,  the  seat  of  ligature  being  recognizable  only  by  some  cicatricial 
tissue  adherent  to  the  external  coat.  It  seems  possible,  therefore,  that  as 
the  continuity  of  the  external  coat  is  not  destro^-ed,  restoration  of  the  lumen 
of  the  ^'essel  may  take  place  occasionally  even  after  occlusion  lasting  a  con- 
siderable time.  In  the  vast  majority  of  cases,  however,  in  which  the  catgut- 
ligatm-e  has  been  employed,  the  vessel  has  been  permanently  and  safely 
obliterated. 

Carbolized  Silk. — The  slight  degree  of  uncertainty  that  has  attended  the  use 
of  catgut,  the  occasional  premature  disappearance  of  the  hgature  and  restora- 
tion of  the  circulation  through  the  vessel,  has  led  some  Surgeons  to  employ 
instead  of  it  fine  silk,  that  known  as  "Chinese  twist"  being  the  best.  Silk 
being  an  animal  substance,  and  from  its  softness  being  unlikely  to  irritate 
mechanically,  there  seems  no  reason  why,  if  it  can  be  prevented  from  becoming 
impregnated  with  the  irritating  products  of  putrefaction,  it  should  not  lie 
harmlessly  amongst  the  tissues,  and  become  finally  absorbed  or  encapsuled. 
That  such  may  be  the  case  has  been  abundantly  proved  by  the  experience 
derived  from  those  cases  of  ovariotomy  in  which  the  pedicle  has  been  secured 
by  silk,  and  returned  into  the  cavity  of  the  abdomen.  In  order  that  silk  may 
be  used  with  safety  and  certainty,  it  must  in  the  first  place  be  rendered 
aseptic.  This  is  most  efficiently  done  by  boiling  it  for  some  time  in  water, 
and  afterwards  placing  it  for  twenty-four  hours  in  a  1  in  20  solution  of  carbolic 
acid.  It  must  on  no  account  be  waxed,  as  this  makes  it  incapable  of  being- 
absorbed.  A  silk  hgature  thus  prepared  will  in  the  great  majority  of  cases 
give  rise  to  no  irritation  or  suppuration  in  its  neighbourhood.  If,  however,  it 
should  from  any  cause  become  exposed  to  decomposing  matter,  it  will  absorb 
the  products  of  putrefaction,  and  Avill  then  be  cast  off  and  discharged  from 
the  wound  by  suppuration. 

The  fate  of  a  silk  hgature  when  left  amongst  the  living  tissues  has  been 
experimentally  investigated  by  Lister,  Spiegelberg  and  Waldeyer,  Tillmanns, 
and  others.  Lister  found  an  aseptic  silk  ligature  applied  to  the  carotid  of  a 
horse  unchanged  at  the  end  of  six  weeks  and  embedded  in  firm  fibrous  tissue. 
In  a  case  in  which  he  applied  a  similar  hgature  to  the  external  iliac  artery  in 
the  human  subject,  ^vhen  he  had  the  opportunity  of  examining  the  parts  one 
year  after,  he  found  the  greater  part  of  the  ligature  absorbed,  but  a  small 
abscess  had  formed  around  the  knot.  Clutton  has  recorded  a  case  in  which 
the  noose  of  the  ligature  was  discharged  from  an  abscess  six  weeks  after 
ligature  of  the  external  iliac.  Boyd  had  the  opportunity  of  examining 
a'similar  ligature  applied  to  the  carotid  thirty-five  days  before  death,  the 
wound  having  healed  by  first  intention.  The  silk  was  found  perfectly  un- 
changed, surrounded  by  a  mass  of  small  round  cells  with  some  giant-cells. 
In  another  case  recorded  by  Horsley  a  silk  ligature  was  found  unchanged 
after  seven  weeks.    The  connective  tissue  formed  a  strong  fibrous  capsule 
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round  it,  but  presented  here  and  there  signs  of  chronic  inflammation.  The 
results  of  experiments  on  animals  by  Spicgelberg  and  AValdeyer,  and  Tillmanus, 
agree  in  every  respect  with  tliose  just  mentioned. 

It  appears,  therefore,  that  a  silk  ligature  may,  with  proj^er  antiseptic  pre- 
cautions, be  safely  applied  and  left  in  the  wound  mth  but  httle  risk  of  its 
giving  rise  to  suppuration,  and  with  a  good  prospect  of  its  being  either  safely 
encapsulcd  in  fibrous  tissue  or  ultimately  absorbed.  Further  experience  alone 
can  show  whether  its  application  is  more  safe  or  more  certain  than  that  of 
the  chromic  catgut. 

Ox-aorta  Ligature.— In  the  application  of  the  ordinary  hemp  or  silk 
ligature,  or  of  the  carbolized  catgut  or  silk,  it  is  the  object  of  the  Surgeon,  as 
before  stated,  to  tie  suificiently  tightly  to  cut  through  the  inner  and  middle 
coats  of  the  artery,  and  Ijy  the  compression  of  the  outer  coat  to  turn  their 
divided  edges  upwards  and  downwards  into  the  lumen  of  the  vessel.  Some 
Surgeons  have,  however,  attempted  to  apply  a  ligature  in  such  a  way  as  to 
compress  all  the  coats  without  dividing  any.    This,  as  before  stated,  was 
shown  l)y  Jones  to  be  a  most  dangerous  proceeding  if  the  ligature  emjjloyed 
was  of  such  a  kind  as  to  render  it  necessary  that  it  should  cut  through  the 
vessel  by  ulceration  and  so  come  away  from  the  wound.    The  idea,  however, 
that  a  vessel  can  be  safely  tied  without  injuring  its  coats  has  been  revived  in 
connection  with  the  absorbal)le  ligatures  now  in  use.    Lister  at  first  suggested 
that  the  catgut-ligature  might  be  applied  in  this  way  ;  but  experience  has 
shown  that  its  early  absorption  rendered  the  obliteration  of  the  vessel  uncertain 
unless  the  inner  and  middle  coats  were  cut.    R.  Barwell,  hoAvevcr,  has  lately 
introduced  a  new  variety  of  ligature  prepared  from  the  middle  coat  of  the 
aorta  of  the  ox,  which  he  has  successfully  aj)plied  in  a  considerable  number  of 
cases  Avithout  injuring  the  coats  of  the  artery.    The  ligature  is  prepared  by 
separating  the  outer  coat  and  cutting  the  middle  coat  spirally  into  a  long 
ribbon.    This  is  stretched,  by  hanging  to  it  a  weight  of  from  one  to  three 
pounds  according  to  the  breadth  of  the  hgatm-e,  and  allowed  to  dry.  Ten 
minutes  before  being  used  it  must  be  soaked  in  a  1  in  20  solution  of  carbolic 
acid  in  water.    The  breadth  of  the  ligature  makes  it  impossible  to  divide  the 
inner  and  middle  coats  of  the  artery  while  tying  it.    In  1881  Barwell 
reported  fourteen  cases  in  Avhich  the  ligature  had  been  successfully  applied  to 
large  arteries.    In  every  case  the  obliteration  of  the  vessel  was  successfully 
accomplished  and  nothing  was  seen  of.  the  ligature  after  the  operation. 
Probably  the  same  result  might  be  obtained  by  the  employment  of  very  thick 
catgut,  but  the  round  fDrm  of  the  catgut  makes  it  cut  the  coats  of  the  artery 
more  readily. 

Tendon  Ligatures. — Long  tendons  dried  and  afterwards  carbolized  have 
also  been  used  as  ligatures.  Girdlestone  of  Melbourne  has  successfully  made 
use  of  the  long  tendons  from  the  tail  of  the  kangaroo.  These,  however,  appear 
to  ]-)ossess  no  advantage  over  ]iroperly  prepared  catgut. 

Temporary  Ligatures. — AVith  the  view  of  removing  the  various  incon- 
veniences that  resulted  fi'om  the  presence  of  the  ligatures  in  the  wound,  and 
especially  with  the  object  of  promoting  union  by  the  first  intention,  some 
Surgeons  attempted  the  use  of  Temporary  ligatures. 

This  sul)jcct  fully  occupied  the  attention  of  Surgeons  in  this  country  nearly 
half  a  century  ago,  and  has  now  in  a  great  measure  become  matter  of  history, 
for  the  study  of  which  I  must  refer  to  the  writings  of  Jones,  Travers,  Yelpeau, 
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and  others.  I  may,  however,  state,  that  the  general  result  of  the  experi- 
ments made  and  the  experience  gained  on  this  snbject  is  the  following. 

Jones  found  that,  on  cutting  through  the  internal  and  middle  coats  of  the 
carotid  artery  of  a  horse  at  three  or  four  different  points,  Avith  as  many  liga- 
tures, and  then  immediniehj  removing  them,  an"  effusion  of  lymph  occurred  by 
which  the  artery  was  ])lngged  up."  These  observations  were  not  confirmed 
by  other  experimenters,  such  as  Hodgson,  Travcrs,  and  Dalrjanple.  But 
Travers  found  that,  if  the  ligature  were  left  in  for  seA-eral  hours,  or  even  for 
one  hour,  and  then  removed,  obliteration  of  the  artery  ensued.  Roberts  ap- 
plied a  ligature  to  the  femoral  artery  for  popliteal  aneurism,  and,  on  removiug 
it  after  24  hours,  found  the  artery  closed  ;  and  Travers  ligatured  the  brachial 
artery  of  a  man,  and,  on  removiug  the  hgature  at  the  end  of  50  hours, 
obtained  an  equally  successful  result.  Their  example  was  followed  by  Scarpa 
and  Paletta.  Notwithstanding  these  fa\ourable  results,  the  failure  of  the 
method  in  the  hands  of  xVstley  Cooper,  Hutchiuson,  Beclard,  and  of  Travers 
himself,  and  the  observation  of  Vacca,  that,  if  the  ligature  be  left  on  the  artery 
long  enough  to  cause  its  obliteration,  the  section  of  the  vessel  is  effected  sooner 
or  later,  caused  the  use  of  the  temporary  ligature  to  be  discontinued  in  surgical 
practice  even  by  those  who  had  at  one  time  most  strongly  advocated  it, 

10.  Acupressure. — By  Acupressure  is  meant  the  occlusion  of  an  artery  by 
the  pressure  of  a  needle  in  such  a  way  as  to  arrest  the  circulation  through  it  or 
the  haemorrhage  from  it.  This  method  of  treatment  was  introduced  into 
surgical  jwictice  by  the  late  Sir  James  Simpson  as  a  substitute  for  the  hgature. 
Acupressure  may  be  applied  in  several  different  Avays  ;  but  there  are  four 
principal  methods. 

The  Jirst  method  is  canied  out  in  the  following  way,  which  I  give  as  nearly 


Fig.  156.— Acupressure.  First  Method. 
Raw  Surface. 


Fig.  107.— Acn]irpssure.    First  Method. 
Cutiiueous  Hurface. 


as  possible  in  Sir  James  Simpson's  own  words.  The  Surgeon  places  the  tip  of 
the  fore-finger  of  his  left  hand  upon  the  bleeding  mouth  of  the  artery  which 
he  intends  to  compress  and  close ;  holding  the  needle  in  his  right  hand,  he 
passes  it  through  the  cutaneous  surfiico  of  the  flap,  and  pushes  it  inwards  till 
its  point  projects  out  to  the  extent  of  a  few  lines  on  the  raw  surface  of  the 
wound,  a  little  to  the  right  of,  and  anterior  to,  his  finger-tip  ;  he  then,  by  the 
action  of  his  right  hand  upon  the  head  of  the  needle,  turns  and  dn-ects  its 
sharp  extremity  so  that  it  makes  a  bridge  as  it  were  across  the  site  of  the  tube 
of  the  bleeding  arterv,  immediately  in  front  of  the  pomt  of  the  finger  with 
which  he  is  shutting  up  its  orifice  ;  he  next,  either  with  the  same  fore-finger  of 
the  left  hand,  or  with  the  side  of  the  extremity  of  the  needle  itself,  compresses 
the  locality  of  the  bleeding  arterial  orifice  and  tube,  and  then  pushes  on  the 
needle  with  his  right  hand,  so  as  to  make  it  re-enter  the  surface  of  the  wouud  a 
•little  to  the  left  side  of  the  artery  ;  and,  lastly,  by  pressing  the  needle  farther 
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on  in  this  direction,  its  point  emerges  through  tlie  cutaneous  surface  of  the 
flap— the  site  of  the  tube  of  the  bleeding  artery  being  in  this  way  left  pinned 
down  in  a  compressed  state  by  the  arc  or  bridge  of  steel  that  is  passed  OA^er  it. 
The  needle  thus  passes  first  tln-ough  and  from  the  skin  of  the  flap  mwards  to 
the  raw  surface  of  the  wound,  and,  after  bridging  over  the  site  of  the  artery,  it 
passes  secondly  from  the  raw  surface  of  the  wound  outwards  again  to  and 
through  the  skin.  Sometimes  the  needle  will  be  best  passed  by  the  aid  of  the 
eye  alone,  and  without  guiding  its  course  by  the  flnger-tip  applied  to  the 
bleediug  orifice.  It  compresses  not  the  arterial  tube  alcjue,  but  also  the  struc- 
tures placed  over  and  around  the  site  of  the  tube.  When  the  needle  is  com- 
pletely adjusted,  all  of  it  that  is  seen,  and  that  not  necessarily  so,  on  the  surface 
of  the  raw  wound,  is  the  small  portion  of  it  passing  over  the  site  of  the  artery 
(Fig.  15G) ;  while  externally,  upon  the  cutaneous  surface  of  the  flap,  we  have 
remaining  exposed  more  or  less  of  its  two  extremities,  namely,  its  point  and  its 
head  (Fig.  157).  The  rest  of  it  is  hidden  in  the  structures  of  the  flap  or  side 
of  the  wound.  The  degree  of  pressure  required  to  close  efi'ectually  the  tube  of 
an  artery  is  certainly  much  less  than  Surgeons  generally  imagine  ;  but  in  the 
above  jjroceeding  the  amount  of  pressure  can  be  regulated  and  increased 
when  retjuired,  by  the  acuteness  of  the  angle  at  which  the  needle  is  intro- 
duced and  again  passed  out — the  cutaneous  and  other  structures  of  the  flap 
serving  as  the  resisting  medium  against  which  the  needle  compresses  the 
arterial  tube. 

The  second  method  of  acupressm-e  consists  in  taking  a  short  sewing  needle 


Fig.  158.— Acuiiressuve.    Seconil  Method.  Fig.  159.— Acupressure.    Third  jMethoil. ' 


with  a  piece  of  twisted  iron  wire  attached,  for  the  purpose  of  withdrawing  it 
when  necessary.  This  is  dipped  down  into  the  soft  tissues  on  one  side  of  the 
artery  ;  then  bridged  over  the  vessel ;  then  dipped  down  again  into  the  soft 
structures  on  the  other  side  of  the  vessel  (Fig.  1,58).  In  doing  this  care  must 
be  taken  to  press  the  end  of  the  needle  down  upon  the  bleeding  trunk  or  tube 
of  the  artery  with  sufficient  force. 

The  third  method  is  the  one  that  is  likely  to  be  most  frequently  followed,  and 
is  upon  the  whole  the  most  practical  and  the  best.  It  consists  in  compressing 
the  artery  lietween  the  needle,  threaded  with  a  piece  of  twisted  iron  wire, 
passed  below  or  behind  it,  and  a  loop  of  inelastic  iron  wire  passed  over  or  above 
it.  The  needle  is  jmssed  as  in  the  last  cases,  but  on  the  opposite  side  of  the 
artery.  The  loop  of  iron  wire  is  thrown  over  the  point  of  the  needle  ;  it  is 
then  passed  across  the  artery,  drawn  tight  so  as  to  compress  the  vessel,  and 
secured  by  a  half  twist  round  the  eye  end  of  the  needle  (Fig.  150),  In  order  to 
remove  this  apparatus,  all  the  Surgeon  has  to  do  is  to  pull  the  twisted  wire 
with  which  the  needle  is  threaded  ;  this,  in  withdrawing  tlie  needle,  liberates 
the  loop,  which  may  then  easily  be  removed. 
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Fig.  100. — Acupves.sure.    Foiirtli  Method. 


fomih  method  consists  iu  dippino-the  needle  into  tiie  tissues  close  to  the 
artery,  then  making  a  turn  with  the  point,  and  pushing  this  into  the  soft  part 
beyond,  so  as  to  fix  it  there,  and  thus  to  compress  the  artery  (Fig.  lOO). 

The  Condition  of  the  Artery  after  having  been  subjected  to  acupressure  has 
been  determined  both  by  experiments  on  animals  and  by  observations  on  the 
human  subject.  It  has  been  thus  ascertained  that  the  pressure  of  the  needle 
is  never  sufficient  to  divide  the  internal  and  middle  coats.  Consequently, 
occlusion  of  the  artery  is  dependent  chiefly 
on  the  formation  of  an  adherent  clot 
within  the  vessel,  between  the  point  com- 
pressed and  the  nearest  collateral  branch. 
Some  inflammatory  exudation  at  the  part 
that  has  been  compressed  doubtless  follows 
the  removal  of  the  needle.  This  point  is 
one  of  importance  ;  for  there  can  be  little 
doubt  that  one  of  the  safeguards  after  the 
ligature  is  this  division  of  the  inner  coats 
of  the  artery,  the  consequence  of  which  is 

the  effusion  of  a  plastic  plug  within  the  vessel,  by  which  it  is  more  effectually 
sealed  than  it  can  be  by  mere  cohesion  of  its  sides  and  the  formation  of  a 
blood-coagulum. 

The  time  during  which  the  needle  should  be  left  in  will  vary  with  the  size 
of  the  artery,  from  thirty  to  sixty  hours.  The  needle  must  not  be  left  in  too 
long,  lest  irritation  be  set  up,  and  ulceration  induced  along  its  track. 

Acupressure  and  Ligature  compared. — That  arterial  hasmorrhage  may 
be  effectually  controlled  by  acupressure  in  many  cases  is  undoubted.  This 
fact  has  long  been  familiar  to  Surgeons  in  the  operation  for  hare-lip,  in  Avhich 
the  bleeding  from  the  coronary  artery  is  restrained  by  the  pin  that  is  passed 
across  to  unite  the  opposite  sides  of  the  cleft ;  and  it  has  of  late  years  been 
abundantly  proved  in  the  case  of  the  largest  arteries  divided  in  amputations. 
But,  though  by  means  of  acupressure  arterial  hjemorrhage  may  undoubtedly 
be  controlled,  the  real  question  which  has  still  to  be  answered  is,  whether  we 
are  justified  in  substituting  this  means  for  the  ligature  iu  surgical  practice. 
AVhen  wc  reflect  on  the  ease  and  certainty  Avith  which  the  most  furious 
haemorrhage  from  the  largest  artery  can  be  at  once  and  permanently  arrested, 
by  the  tying  of  the  mouth  of  the  bleeding  vessel — the  inestimable  advantage 
which  the  ligature  has  been  and  is  to  Surgeons,  in  enabling  them  to  carry  the 
knife  with  safety  into  regions  where  its  presence  would  otherwise  be  fatal — we 
cannot  lightly  throw  aside  a  means  of  such  tried  utility  for  one  that  is  of 
doubtful  value. 

The  arguments  adduced  by  Su'  James  Simpson  in  favour  of  acupressure  may 
be  briefly  summed  up  as  follows.  The  great  object  of  every  Surgeon  is  to  heal 
operation-wounds  by  the  first  intention ;  the  ligature  is  a  fatal  obstacle  to  this, 
firstly  because  it  sets  up  a  line  of  suppuration  in  its  track,  and  secondly  because 
the  end  of  the  artery  projecting  beyond  its  noose  forms  a  slough,  which  acts 
as  a  foreign  body  in  the  wound,  and  must  be  thrown  off  by  suppuration. 
That  these  evils  are  entirely  obviated,  and  union  by  the  first  intention  is 
secured,  1,  by  the  use  of  metalhc  compressors,  the  needle  and  wire  being 
tolerated  by  the  tissues  amongst  which  they  lie,  and  not  acting  as  setons  in 
the  way  that  hempen  or  silken  ligatures  do  ;  and  2,  by  the  early  withdrawal 
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of  these  compressing  agents,  the  vitahty  of  the  arteiy  not  being  endangered 
and  no  terminal  slough  resulting. 

These  arguments,  though  reasonable  enough  twenty  years  ago,  are  at  the 
present  time  of  no  force  whatever.  The  absorbable  ligatures,  now  almost 
universally  used,  leave  no  suppurating  track,  and  experiments  have  shown 
that  the  projecting  end  of  the  artery,' if  protected  from  decomposition,  does 
not  slough,  but  becomes  eml)edded  in  the  granulation-tissue  formed  in  the 
healing  wound,  and  is  either  absorbed  or  maintains  its  vitality,  its  vascular 
connections  with  surrounding  parts  being  re-established.  As  before  pointed 
out,  the  same  is  true  of  the  twisted  end  of  the  artery  left  in  the  wound  after 
torsion. 

There  is  no  doubt  also  that,  even  at  the  time  when  acupressure  was  intro- 
duced, and  when  every  ligature  caused  a  line  of  suppuration,  in  estimating  the 
comparative  value  of  the  two  methods  of  arresting  ha3morrhage,  too  much  evil 
Avas  laid  to  the  charge  of  the  thread,  and  too  much  advantage  claimed  for  the 
needle.  Many  other  things  besides  the  presence  of  a  few  fine  silk  threads 
tended  at  that  time  to  render  union  of  a  large  wound  by  the  first  intention  a 
rare  event.  Drainage  was  very  imperfectly  carried  out,  antiseptic  dressings 
were  scarcely  iin'cnted,  and  the  hygienic  arrangements  of  hospitals  were  far 
less  perfect  than  they  arc  at  the  present  time. 

Acupressure,  in  fact,  never  came  into  general  use  ;  but  it  is,  nevertheless,  a 
useful  means  of  arresting  haemorrhage  under  certain  circumstances.  Thus,  in 
lacerated  or  incised  wounds  of  the  scalp,  and  in  some  injuries  of  the  hand  or 
foot,  in  which  it  is  difficult  successfully  to  apply  a  ligature,  the  bleeding  may 
often  be  at  once  controlled  by  the  pressure  of  a  needle  and  wire.  Indeed,  it 
appears  to  me  that  the  Surgeon  will  act  more  wisely  in  being  eclectic  rather 
than  dogmatic  in  the  employment  of  his  means  for  arresting  arterial  hffimor- 
rhage — using  in  some  cases  styptics,  in  others  compression  or  torsion  or  the 
cautery,  acupressure  or  the  ligature,  as  the  particular  case  seems  to  need  it. 
Because  one  method  is  good,  the  others  arc  not  necessarily  bad  ;  because 
one  is  peculiai'ly  applical.)le  in  one  case,  it  does  not  follow  that  it  is  equally  so 
in  all. 

Collateral  Cieculatiox. — AYhen  the  main  artery  of  a  limb  has  been 
ligatured,  or  in  any  other  way  oc^cluded,  it  is  only  the  direct  flow  of  blood  that 
is  interrupted  ;  the  indirect  supply  which  is  conveyed  into  the  limb  or  part,  by 
the  free  communication  between  the  anastomosing  vessels  of  the  different  por- 
tions of  the  arterial  system,  being  sufficient  to  preserve  its  vitality,  and  to 
prevent  the  occurrence  of  gangrene.  So  free  and  ready  are  the  inosculations 
kept  up  between  different  portions  of  the  arterial  system,  that,  after  the  largest 
arteries  in  the  body,  such  as  the  subclavian,  iliac,  and  abdominal  aorta,  have 
been  ligatured,  sufficient  blood  to  support  life  is  at  once  conveyed  into  the 
l^arts  supplied  by  them.  This  collateral  circulation  is  most  active  and 
most  readily  maintained  in  early  life,  when  the  vessels  are  pliant  and  elastic, 
readily  accommodating  themselves  to  the  increased  quantity  of  blood  that 
they  are  required  to  convey.  As  age  advances,  the  vascular  system  becomes 
less  elastic,  and  there  is  a  greater  difficulty  in  the  establishment  and  mainte- 
nance of  the  collateral  circulation.  The  anastomosing  vessels  which  serve  this 
pui7?ose  are  invariably  furnished  by  arteries  contiguous  to  that  which  is  lio-a- 
tured,  and  come  off'  from  the  same  side  of  the  body.  Thus,  for  instance,  afler 
ligature  of  the  superficial  femoral,  it  is  by  the  profunda  artery  that  the 


COLL  A  TERA  L  CIRC  VIA  TION. 


supply  of  blood  is  carried  to  the  lower  extremity.  Thus  also,  when  the 
common  carotid  is  ligatured,  the  circulation  to  the  parts  it  supplies  is  not 
maintained  through  the  medium  of  the  opposite  carotid,  although  the  inoscu- 
lations between  the  ultimate  branches  of  the  two  vessels  are  so  fi-ee  upon  the 
throat,  and  the  face,  and  within  the  cranium  ;  but  it  is  by  means  of  the 
inferior  thyroid  and  vertebral  arteries  (branches  of  the  subclavian  on  the 
same  side),  which  become  greatly  enlarged,  that  the  su^jply  of  blood 
is  kept  up  to  the  parts  on  the  outside,  as  well  as  in  the  inside  of  the 
cranium. 

The  supply  of  blood  that  is  sent  to  a  limb,  after  deligation  of  the  main 
trunk,  is  at  first  but  small  in  quantity  ;  being  merely  sufficient  for  the  mainte- 
nance of  its  vitality,  but  not  enough  for  the  continuance  of  the  usual  function 
of  the  part.  Hence,  although  the  life  of  a  limb  may  l)e  preserved  after  the 
ligature  of  its  artery,  it  becomes  cold,  and  the  patient  is  often  unable  to  move 
it  for  some  time,  the  muscles  appearing  to  be  comiiletely  paralysed  ;  in  a  few 
hours,  however,  the  supjily  of  blood  increases,  until  it  reaches  its  usual 
standard,  when  the  normal  vigour  of  the  part  returns.  By  the  end  of  twenty- 
four  hours  the  limb  will  be  found  to  be  redder  than  natural,  and  the  tempera- 
ture often  rises  one  or  two  degrees  beyond  the  normal  standard,  whilst  a  great 
sensation  of  heat  is  experienced  in  it  by  the  patient.  This  period  of  increased 
heat  may  last  a  week  or  more. 

The  re-establishment  of  the  blood-sup]:)ly  to  the  limb  after  obliteration  of 
the  main  trunk  is  accomplished  chiefly  by  changes  taking  place  in  the  Anas- 
tomosing Arteries.    Almost  immediately  after  the  ligature  is  tightened  they 
become  dilated  to  their  extreme  capacity.    This  is  due  partly  to  the  increased 
tension  caused  by  the  sudden  obliteration  of  the  main  trunk,  but  chiefly 
to  relaxation  of  their  muscular  coat.    This  relaxation  is  probably  a  reflex 
phenomenon  consequent  upon  the  want  of  blood  in  the  parts  beyond  the 
point  of  obliteration  of  the  artery.    We  have  already  seen  that  a  similar 
dilatation  of  the  vessels  occurs  when  a  limb  has  been  rendered  bloodless  for  a 
short  time  by  an  Esmarch's  bandage.    The  dilatation  is  not  limited  to  the 
anastomosing  vessels  which  are  directly  concerned  in  carrying  the  blood  fi'om 
above  to  below  the  ligature,  but  affects  the  whole  arterial  system  of  the  limb. 
It  is  this  that  causes  the  increased  redness  a  few  hours  after  the  ligature  has 
been  applied.    The  resistance  to  the  flow  of  blood  is  necessarily  reduced  to 
the  smallest  possible  degree  by  this  general  vascular  dilatation,  and  this  to 
some  extent  compensates  for  the  increased  resistance  which  necessarily  results 
from  the  blood  having  to  be  driven  through  a  numl)er  of  small  anastomosing 
arteries,  instead  of  through  a  single  main  trunk.    'J'he  preliminary  dilatation 
is  followed  by  a  pennanent  enlargement  of  the  anastomosing  arteries,  Avhich 
increase  both  in  diameter  and  in  length,  and  thus  assume  a  tortuous  or 
waved  form. 

Thus  in  a  case  of  spontaneous  obliteration  of  the  first  part  of  the  axillary 
artery,  met  with  in  the  dissecting-room  of  University  College,  a  tortuous 
vessel,  about  the  size  of  a  crow-quill,  and  measuring,  when  straightened  out, 
nine  inches  in  length,  was  found  passing  from  the  internal  mammary  in  the 
third  intercostal  space  to  the  external  mammary  branch  of  the  axillary. 
Occasionally  a  number  of  such  arteries  may  form  an  interlacement.  The 
anastomosing  arteries  that  carry  on  the  circulation  are,  as  a  rule,  easily 
dissected  out  in  a  well-injected  subject  in  the  dissecting-room,  and  at  one 
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time  it  was  supposed  that  it  was  not  safe  to  tie  a  large  arteiy  except  in  those 
situations  in  which  sucli  easily  demonstrable  anastomoses  exist.  Thus,  for 
instance,  after  the  ligature  of  the  common  carotid,  the  supply  of  blood^  is 
ultimately  conveyed  by  the  inosculations  between  the  superior  and  inferior 
thyi-oid  arteries  and  by  the  vertebral.  Wlien  the  subclavian  is  tied  the  circu- 
lation of  the  upper  extremity  is  carried  on  by  the  anastomosis  of  the  posterior 
scapular  and  supra-scapular,  from  the  thyroid  axis,  Avith  the  acromio-thoracic 
and  subscapular  of  tlie  axillary,  of  the  branches  of  the  internal  mammaiw 
and  intercostal  arteries,  with  the  external  mammary  of  the  axillary,  and 
of  the  superior  intercostal  of  the  subclavian  with  the  superior  thoracic  of  the 
axillary  ;  and  when  the  external  iliac  is  tied,  the  blood  is  conveyed  to  the 


loA\'er  liml)  by  the  inosculations  between  the  internal  mammary  and  lumbar 
arteries  and  the  epigastric  and  circumflex  ilii,  and  by  those  between  the  obtu- 
rator, gluteal,  and  sciatic  arteries  and  the  circumflex  branches  of  the  profunda 
femoris. 

It  has,  however,  repeatedly  been  shown  that  the  ordinary  muscular  and 
subcutaneous  vessels  of  the  part  are  amply  sufficient  to  carry  on  the  circula- 
tion, even  Avhen  no  anastomosing  vessels  can  be  demonstrated  by  dissection . 
As  the  special  vessels  ultimately  destined  to  take  the  place  of  that  which  has 
been  obliterated  enlarge,  the  general  vascular  dilatation  of  the  limb  subsides 
and  the  circulation  is  practically  restored  to  its  normal  condition.  During 
the  enlargement  of  the  vessels,  much  pain  is  often  experienced,  owing  to  the 
pressure  of  the  dilated  vessels  upon  neighbouring  nerves. 

Jones  pointed  out  the  curious  circumstance  that  occasionally,  when  two 
anastomosing  branches  approach  one  another,  they  split,  before  inosculating, 
into  two  or  three  rarausculi,  which  by  uniting  form  a  circle  of  anastomoses. 
Besides  this  kind  of  collateral  circulation,  Maunoir,  Porta,  and  Stilling  have 


Fig.  101. — Anastomosing  Cir- 
culation in  Sartorius  and 
Peetineus  of  Doj;,  three 
months  after  Ligature  of 
Femoral.   (After  Porta.) 


Fig.  I(i2. — Direct  Anasto- 
mosing Vessels  of  Right 
Carotifl  of  Goat,  five 
months  after  Ligature. 
(After  Porta.) 


Fig.  163.— Change 
in  the  Trunk 
after  Ligature  ; 
with  Anasto- 
mosing Vessel. 
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noticed  vessels  running  direct!}'  between  the  extremities  of  the  obliterated 
trunk,  forming-  species  of  arterial  shoots,  springing  from  the  stump  of  the 
artery  (Fig.  M'rl). 

Changes  that  take  place  in  the  Trunk. — As  a  rule  it  is  completely 
obliterated  above  and  below  the  point  to  which  the  ligature  has  been  applied 
as  for  as  the  next  important  collateral  branch  (Figs.  J  CI,  103).  Beyond 
this,  on  the  distal  side,  it  is  pervious  and  receives  the  blood  poured  into  it 
through  the  different  anastomosing  channels.  Porta  and  Stilling  have  shown 
that,  after  a  time,  down  the  centre  of  the  fibrous  cord,  representing  the  oblite- 
rated portion  of  the  artery,  a  small  tortuous  central  canal  may  be  developed, 
uniting  the  two  parts  of  the  vessel  which  are  still  patent. 

In  cases  in  which  an  absorbable  ligature  has  been  used,  and  in  which  con- 
sec  |ucntly  the  external  coat  has  not  been  divided,  complete  restoration  of  the 
lumen  of  the  vessel  seems  to  be  an  occasional  occurrence  {vide  p.  422). 

The  collateral  circulation  is  occasionally  not  sufficiently  free  to  preserve  the 
vitality  of  the  parts  supplied  by  it.  As  a  consequence  of  this,  gangrene  not 
uncommonly  results  ;  or  the  limb  may  become  weak  or  atrophied.  This 
condition  may  be  met  with  in  old  people,  from  calcification  and  rigidity  of  the 
arterial  system  ;  or  it  may  happen  as  the  result  of  an  extensive  transverse 
Avound  of  the  limb  dividing  many  of  the  anastomosing  vessels.  Copious  haemor- 
rhage by  weakening  the  action  of  the  heart  may  render  it  unable  to  overcome 
the  increased  resistance  offered  by  the  collateral  circulation  through  which  the 
blood  has  to  pass,  and  thus  the  circulation  may  be  arrested  and  gangrene 
follow.  It  more  rarely  happens  that  we  find  too  great  freedom  of  the  anas- 
■  tomoses,  so  as  to  lead  to  a  failure  of  the  purposes  for  which  the  ligature  has 
been  applied,  by  the  rapid  admission  of  blood  into  the  distal  side  of  the 
vessel,  thus  perhaps  occasioning  secondary  haBmorrhage. 

Principles  of  Teeatment  of  Wounded  Arteries. — The  principles  of 
treatment  of  wounded  arteries  are  the  same  whether  the  Surgeon  adopt 
ligature,  torsion,  or  acupressure.  Having  invariably  used  the  ligature  myself, 
I  have  here  spoken  of  tying  only,  but  the  reader  must  remember  that  the 
same  principles  apply  to  all  other  means  of  arresting  arterial  haamorrhage. 

The  whole  of  the  doctrine  of  the  general  treatment  of  wounded  arteries 
by  ligature  may  be  included  in  two  great  principles  :  1.  To  cut  direrllij  down 
on  the  ivovnded  part,  and  to  tie,  the  vessel  there ;  and  2.  To  apptij  a  ligature  to 
loth  ends,  if  it  he  completeli/  divided,  or  to  the  distal  as  well  as  the  pirorimal  side 
oftlie  wound,  if  it  he  merely  punctured. 

These  princij^les  of  treatment  were  distinctly  laid  down  by  John  Bell  ;*  but, 
although  this  great  Surgeon  inculcated  forcibly  these  rules  of  practice, 
Surgeons  appear  to  have  been  led  away  by  the  erroneous  idea  of  applying  the 
Hunterian  jirinciples  in  the  treatment  of  aneurism  to  that  of  wounded  arteries, 
until  G  uthrie,  by  his  practice  and  precepts,  and  by  adducing  an  overwhelming 
mass  of  proof  to  bear  on  this  important  question,  recalled  the  attention  of  the 
Profession  to  the  proper  and  rational  treatment  of  wounded  arteries. 

1.  The  princi])al  reason  in  favour  cuttinc]  down  directhj  upon  the  wounded 
part  of  the  injured  vessel  is,  that  a  ligature  of  the  main  trunk  at  a  distance 
above  the  wound  stops  only  the  direct  supply  of  blood  to  the  limb,  but  does 
not  interfere  with  the  indirect  or  anastomosing  circulation,  by  which  means 


*  "  Principles  of  Surgery,"  vol.  i.,  pp.  350,  390.   8vo  ed. 
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the  blood  readily  passes  into  that  portion  of  the  vessel  which  is  beyond  the 
ligature,  and  continues  to  escape  from  the  distal,  or  perhaps  even  the  proximal, 
end  of  the  divided  \x'ssel.  Thus,  though  bright  arterial  blood  may  no  longer 
jet  from  the  upper  part  of  the  wound,  a  continuous  stream  of  the  same  colour, 
or  of  a  darker  tint  if  it  has  become  partially  deoxygenated  in  its  passage 
through  the  anastomosing  channels,  will  continue  to  well  out,  entailing  the 
necessity  of  further  operative  interference  to  restrain  its  flow  :  and,  unless 
this  be  done,  the  patient  will  die  of  hasmorrhage  as  surely,  though  perhaps 
not  quite  so  speedily,  as  if  no  ligature  had  been  applied.  Thus,  if  a  Surgeon 
endeavour  to  arrest  the  flow  of  blood  from  a  wound  of  the  ulnar  artery  near 
the  palm  by  ligaturing  the  brachial  in  the  middle  of  the  arm,  and,  when  the 
blood  bursts  forth  as  furiously  as  ever,  apply  successive  ligatures  to  the 
arteries  of  the  forearm  with  as  little  success,  he  will  at  last,  on  account 
of  the  continued  recurrence  of  hiemorrhage,  be  forced  to  adopt  the  simple 
expedient  that  ought  to  have  been  had  recourse  to  in  the  first  instance, 
namely,  that  of  ligaturing  the  vessel  at  the  point  wounded. 

Another  reason  for  the  practice  now  advocated  is,  that  in  some  cases  the 
Surgeon  cannot  possibly  know  what  artery  is  injured  unless  he  seek  for  it  in 
the  M'ound  itself.  A  large  artery  may,  from  the  direction  of  the  stab  and  the 
impetuous  flow  of  blood  that  has  followed  it,  appear  to  be  wounded,  when  in 
reality  it  is  only  a  minor  branch  that  has  been  injured.  Thus,  for  instance,  in 
hEemorrhage  from  a  stab  in  the  axilla,  which  jjroved  fatal,  notwithstanding  the 
ligature  of  the  subclavian  artery  for  supposed  Avound  of  the  axillary,  the  long 
thoracic  was  found  to  be  the  vessel  divided  ;  so,  also,  the  external  iliac  artery 
has  been  ligatured  for  supposed  Avound  of  the  common  femoral,  when  in  reality 
it  was  the  external  pudic  that  was  injured. 

The  rule  of  cutting  down  on  the  injured  part  of  the  artery  applies  to  all 
cases  in  which  the  wound  is  still  open,  whatever  be  its  condition.  However 
deep,  inflamed,  and  sloughy  the  wound — however  ill-conditioned  and  infiltrated 
with  pus  or  blood  the  neighbouring  parts  may  be — it  may  be  stated  as  a  general 
rule,  to  which,  however,  there  are  some  exceptions,  especially  in  wounds  of  the 
palmar  arch,  or  of  the  secondary  branches  of  the  carotid,  that  there  is  no  safety 
to  the  patient  unless  the  artery  be  cut  down  upon  and  tied  at  the  part  injm-ed. 
This  must  always  be  done  at  any  period  after  the  receipt  of  the  injurv,  so  lono- 
as  there  is  an  external  wound  communicating  with  the  artery.  An  operation 
of  this  kind  is  often  attended  with  the  greatest  possible  difficulty,  not  onlv 
owing  to  the  hemorrhage  that  usually  accompanies  it  and  obscures  the  parts, 
but  also  in  consequeuce  of  the  inflamed,  infiltrated,  and  sloughy  condition  of 
the  tissues  in  the  wound.  In  order  to  moderate  the  hnsmorrhage,  the  ^iressure 
of  an  assistant's  finger  on  the  artery  high  \x\)  in  the  limb  must  not  be  trusted 
to  ;  but  a  tourniquet  should  be  applied  so  as  completely  to  arrest  the  circulation 
through  the  limb,  and  thus  to  facilitate  the  discovery  and  exposiu-e  of  the 
injured  vessel,  the  wound  being  dry.  The  application  of  an  elastic  bandao-e, 
such  as  that  recommended  by  Esmarch,  may  be  used  with  advantage  *to 
exsanguinate  a  limb,  in  which  an  artery  has  been  wounded.  By  means  of  this 
excellent  device  the  divided  vessel  may  be  safely  cut  down  upon  and  dissected 
out  as  readily  as  in  the  dead  body.  A  large  probe  should  be  passed  to  the 
bottom  of  the  wound  ;  and,  taking  this  as  the  centre,  a  free  incision  should  be 
made  m  such  a  direction  as  may  best  lay  open  the  cavity  with  the  least  ininrv 
to  the  muscles  and  other  soft  parts.    After  turning  out  any  coagula  contained 
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in  the  wound,  and  clearing  it  as  well  as  possible,  the  injured  vessel  must  be 
sought  for.  The  situation  of  this  may  sometimes  be  ascertained  at  once  by 
the  gaping  of  the  cut  in  its  coats  ;  but,  in  many  cases,  it  is  necessary  to  relax 
the  pressure  upon  the  artery,  so  as  to  allow  a  jet  of  blood  to  escape,  and  thus 
indicate  the  position  of  the  aperture.  The  ligature  may  tlien  be  applied  by 
passing  an  aneurism-needle  under  the  vessel,  if  it  be  partially  divided  ;  or,  if  it 
be  completely  cut  across,  by  drawing  forwards  the  end  and  tying  it,  as  in 
an  open  wound.  In  doing  this,  care  must  be  taken  that  the  ligature  be  really 
applied  to  the  vessel,  and  that  a  portion  of  the  sheath  infiltrated  with  blood,  or 
thickened  by  adherent  coagulum,  be  not  mistaken  for  the  artery.  In  applying 
the  ligature  under  the  circumstances  here  indicated,  viz.,  in  a  wound  that  is 
sloughy  and  suppurating,  the  tissues  will  necessarily  in  a  great  degree  have  lost 
their  cohesion  and  firmness  ;  and  although  the  arterial  tissue  resists  the  disor- 
ganizing influence  of  inflammation  much  longer  than  areolar  or  muscular 
tissue,  yet  it  will  also  have  become  softened  and  less  resistant.  Hence  the 
vessel  must  be  isolated  with  gentleness  and  care,  and  the  ligature  very  care- 
fully tied — no  undue  force  being  used.  A  silk  ligature  will  usually  separate  in 
such  cases  several  days  before  the  ordinary  time.  The  incisions  down  to  the 
wounded  artery  should  generally  be  made  on  the  side  of  the  wound  in  the  vessel, 
and  through  the  wound  in  the  soft  tissues  covering  it.  Guthrie,  however, 
advises  that,  in  those  cases  in  which  the  wound  passes  indirectly  to  the  prin- 
cipal artery  from  the  back  or  outside  of  the  limb,  the  Surgeon,  instead  of  follow- 
ing the  track  of  the  wound,  shall  cut  down  on  the  vessel  where  it  lies  nearest 
the  surface  ;  then,  on  passing  a  probe  through  the  wound,  the  spot  at  which 
the  artery  has  probably  been  injured  will  be  pointed  out,  and  the  ligature  must 
be  applied  in  the  way  usual  in  cases  of  primary  haemorrhage. 

In  jmmar//  hsemorrhage  from  wound  of  an  artery,  no  operation  should  be 
undertaken  unless  the  bleeding  be  actually  continuing.  If  the  bleeding  have 
been  arrested,  however  furious  it  may  have  been,  the  Surgeon  should  never, 
unless  it  burst  forth  again,  search  for  the  wounded  vessel,  nor  undertake  any 
operation.  A  man  was  brought  to  the  University  College  Hospital  with  a  deep 
stab  in  the  groin,  directly  in  the  course  of  the  external  iliac  artery  ;  a  very 
large  quantity  of  arterial  blood  had  been  lost,  but  the  htemorrhage  was  aiTested 
on  his  admission  by  the  application  of  pressure,  &c.  From  the  great  and  sud- 
den loss  of  blood  it  was  supposed  that  the  external  iliac  had  been  punctured, 
but  it  was  not  thought  advisable  to  perform  any  operation  unless  haemorrhage 
recurred.  The  bleeding  did  not  return,  the  wound  healing  without  any  further 
trouble.  In  secondary  h£emorrhage  the  case  is  different.  There  the  Surgeon 
must  be  prepared  to  secure  the  vessel,  even  though  bleeding  have  for  the  time 
ceased. 

2.  The  second  great  principle  in  the  treatment  of  wounded  arteries  is,  that 
a  ligature  is  to  he  applied  to  both  ends  of  the  vessel,  if  it  he  com2oletely  cut  across; 
or  on  hoth  sides  of  the  aperture  in  it,  if  it  he  only  partially  divided. 

The  reason  for  this  rule  of  practice  is  founded  on  phj^siological  grounds  as 
well  as  on  practical  experience.  If  the  anastomoses  of  the  part  be  very  free,  as 
in  the  arteries  of  the  palm  or  forearm,  bleeding  may  continue  from  the  distal 
end,  uninterrupted  by  the  ligature  on  the  proximal  side  of  the  wound  ;  if  they 
be  less  free,  a  stream  of  dark-looking  venous  blood  will  probably  issue  in 
the  com-se  of  two  or  three  days.  After  the  collateral  circulation  has  been 
sufficiently  established,  bright  scarlet  blood  will  burst  forth  from  the  distal 
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aperture.  Experience  has  shown  that  it  is  in  this  ^^•ay  that  secondary  hemor- 
rhage from  wounded  arteries  commonly  occurs,  the  bleeding  coming  from  the 
distal  and  not  from  the  proximal  end  of  the  vessel. 

In  some  cases  the  distal  end  is  so  retracted  and  covered  in  by  surrounding 
parts,  that  it  cannot  be  found  in  order  to  be  ligatured.  In  these  circum- 
stances, the  best  effect  has  resulted  from  plugging  the  wound  from  the  bottom 
with  a  graduated  sponge-compress.  If  an  arterial  branch  happen  to  be  divided 
so  close  to  its  origin  that  it  cannot  be  secured,  the  case  must  be  treated  as  one 
of  punctm-e  of  the  main  trunk,  which  must  be  ligatured  above  and  l^elow  the 
bleeding  orifice. 

Although  advocating  strongly  the  impoi'tance  of  the  distal  as  well  as  the 
proximal  ligature  in  ah  cases  of  wounded  artery,  I  am  aware  that  instances  are 
on  record  in  which  the  proximal  ligature  alone,  even  at  a  distance  from  the 
wound,  has  proved  successful  in  arresting  the  hajmorrhage  ;  but  I  cannot  but 
regard  those  cases  as  accidentally  successful,  the  distal  end  having  been  better 
plugged  than  usual  with  coagulum  ;  and  I  am  strongly  of  opinion  that  the 
rule  of  practice  should  be  that  which  is  laid  down  by  John  Bell,  and  forcibly 
illustrated  by  Guthrie,  viz.  : — That  both  ends  of  a  wounded  artery  be  sought 
for,  and  tied  in  the  wound  itself. 

ACCIDENTS    AFTEB   AETEBIAL    OCCLUSION    BY    SUEGICAL  MEANS. 

The  accidents  that  may  follow  the  application  of  the  ligature,  the  use  of 
acupressure,  or  of  compression  in  any  way  exercised  upon  wounded  arteries, 
are  Intermediate  or  Reactionary  Haemorrhage,  Secondary  or  Eecurrent 
Hsemorrhage,  and  Gangrene  of  the  Limb. 

Intermediate  or  Reactionary  Hemorrhage. — This  term  is  limited  to 
haemorrhage  occurring  within  twenty-four  hours  of  the  wound  of  the  vessel. 
It  most  commonly  occurs  within  a  few  hours  of  the  operation. 

Causes. — At  the  end  of  an  operation  it  frequently  happens  that  the  patient 
is  faint  from  the  combined  shock,  loss  of  blood,  and  the  depressing  influence 
of  the  antiistlietic  ;  at  the  same  time  the  exposure  of  the  wound  to  the  air,  and 
the  mechanical  stimulus  of  the  knife  and  the  sponges,  have  caused  the  greatest 
possible  degree  of  contraction  of  the  mouths  of  the  wounded  vessels.  Under 
these  circumstances,  vessels  of  considerable  size  may  not  yield  a  drop  of 
blood.  As  soon  as  the  wound  is  closed,  however,  and  warmly  dressed,  and 
the  patient  put  to  bed,  the  faintness  begins  to  pass  oflF,  the  heart  beats  more 
forcibly,  the  contracted  vessels  dilate,  and  haamorrhage  takes  place.  At  the 
same  time,  if  any  vessel  have  been  imperfectly  tied — owing  to  carelessness  on 
the  part  of  the  Surgeon,  or  to  the  use  of  badly-prepared  rigid  catgut — the 
loiot  may  yield,  and  the  ligature  may  slip  off. 

Phenomena. — xVs  the  bleeding  comes  as  a  rule  only  from  the  smaller 
vessels,  it  is  seldom  very  profuse.  It  usually  distends  the  wound,  tiglitenino- 
the  stitches,  and  causing  the  patient  considerable  pain. 

Treatment. — The  treatment  is  the  same  as  that  of  primary  hasmorrhao-e. 
If  the  oozing  be  yqxj  shght,  the  part  may  be  raised  and  gentle  pressure 
applied ;  if  more  abundant,  the  wound  must  be  opened  up,  and  the  bleedino- 
vessel  secured.  If  the  wound  is  much  distended  by  clots,  the  pressure  thus 
produced  may  arrest  the  bleeding  ;  but  it  is  lietter  for  the  patient  under  these 
circumstances  to  open  up  the  wound,  turn  out  the  clots,  and  secui'e  any 
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vessel  that  may  be  found,  as  the  mass  of  coagulum  between  the  surfaces  woukl 
form  a  serious  obstacle  to  union  by  the  first  intention. 

If  at  an  operation  the  patient  be  very  faint,  and  the  smaller  arteries  which 
might  be  expected  to  bleed  cannot  be  found,  they  may  sometimes  be  made 
apparent  by  bathing  the  wound  with  carbolic  lotion  or  water  at  a  temperature 
of  about  98°  Fahr.  In  private  practice  it  is  better  to  do  all  operations  if 
possible  early  in  the  morning,  so  that  if  reactionary  haemorrhage  should  occur, 
it  may  take  place  in  the  day  and  not  in  the  night. 

Secondary  or  Recurrent  H.i:mokrhage. — By  Secondary  Hemorrhage 
is  meant,  bleeding  which  comes  on  after  the  employment  of  any  of  the  above- 
mentioned  modes  of  arresting  htemoiThage  at  any  period  after  the  first  twenty- 
four  hours.  This  accident  may  arise  from  a  variety  of  causes,  wliich  may  be 
divided  first  into  two  great  classes  : — Constitutional  Causes ;  and  2,  Local 
Causes. 

Constitutional  Causes. — It  has  already  been  pointed  out  that  the  healthy 
closure  of  a  wounded  artery  is  a  process  analogous  in  e^'ery  respect  to  union  by 
first  intention  ;  the  internal  coagulum  serving  the  important  purpose  of  pro- 
tecting the  soft  new  tissue,  by  means  of  which  the  mouth  of  the  wounded 
vessel  is  being  closed,  from  the  direct  impulse  of  the  wave  of  blood  fi'om  the 
heart.  All  those  constitutional  conditions  which  have  already  been  described 
as  being  unfavourable  to  union  by  the  first  intention,  are  therefore  equally 
unfavourable  to  the  closure  of  a  wounded  artery,  and  consequently  act  as  pre- 
disposing causes  of  secondary  haemorrhage.  In  some  cases  of  sqMcaemia  and 
in  -pija^mia  the  blood  is  found  to  coagulate  imperfectly,  and  in  these  the 
internal  coagulum  may  be  more  or  less  completely  wanting,  thus  exposing 
the  feeble  granulation-tissue,  closing  the  vessel,  to  the  direct  impulse  of 
blood  from  the  heart.  In  such  cases,  even  if  a  clot  of  blood  does  form  at  first, 
it  is  liable  to  disintegrate  and  to  be  washed  away. 

In  some  cases  secondary  hjemorrhage  appears  to  be  in  part  due  to  the 
forcible,  and  excited  action  of  the  hmrt  during  the  early  stages  of  traumatic  fever. 
The  patieut  is  restless,  and  the  pulse  quick  and  bounding.  In  such  circum- 
stances if  the  bleeding  be  not  too  profuse,  it  sometimes  appears  to  give  relief 
to  the  symptoms, 

Chronic  BrigMs  disease,  with  increased  arterial  tension  and  hypertrophy  of 
the  heart,  sometimes  acts  as  a  predisposing  cause  of  secondary  hajmorrhage, 
which  is  also  more  likely  to  occur  in  plethoric  subjects,  than  in  those  of  a  more 
spare  habit. 

Local  Causes. — These  may  be  thus  divided : — 

1.  Causes  dependent  on  the  Ligature. — If  the  ligature  be  composed  of 
silk  or  hemp,  and  is  applied  in  such  a  way  as  to  cut  through  the  arterial 
coats  and  to  come  away  from  the  wound,  it  necessarily  excites  inflamma- 
tion, reaching  the  stage  of  suppuration,  and  maintains  the  process  till 
it  has  cut  through  the  vessel  by  ulceration.  The  extent  of  the  inflamma- 
tion Avill  depend  to  some  degree  upon  the  size  of  the  ligature.  If  it 
be  \-ery  fine  and  well  waxed  so  as  to  be  ahnost  non-absorbent,  the  inflamma- 
tion will  be  accurately  limited  to  the  parts  in  contact  with  the  thread.  If, 
however,  it  be  thick  and  soaked  in  decomposing  discharges,  the  inflammation 
may  extend  more  widely  and  interfere  with  the  proper  development  of  the 
granulation-tissue  closing  the  divided  inner  and  middle  coats ;  consequently, 
as  soon  as  the  process  of  ulceration  has  perforated  the  external  coat,  the  blood 
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bursts  forth.  It  has  long  been  recognized  that  the  finer  the  ligature,  the  more 
safely  does  it  occlude  the  vessel,  provided  it  be  of  sufficient  strength  to  divide 
the  inner  and  middle  coats  when  it  is  tightened.  The  thicker  the  ligature, 
the  more  irritation  it  causes,  and  the  more  speedily  it  ulcerates  through  the 
external  coat  of  the  artery. 

If  the  ligature  be  absorbable  it  should,  as  before  stated,  give  rise  to  no 
suppuration  in  its  immediate  neighbourhood.  It  may,  however,  fail  to  prove 
unirritating,  first  if  it  be  improperly  prepared,  and  secondly,  if  it  be  allowed 
to  come  iu  contact  with  decomposing  discharges.  The  absorbable  ligatures 
present  also  the  danger  of  premature  softening,  in  consequence  of  which  the 
support  of  the  constricted  external  coat  is  taken  away  from  the  soft  new  tissue 
closing  the  vessel,  before  it  is  sufficiently  strong  to  resist  the  blood-pressure 
within  the  artery. 

2.  Causes  dependent  on  ihe  mode  of  apjjUcation  of  the  ligature. — Secondary 
haemorrhage  may  result  from  sloughing  of  the  vessel,  if,  in  the  process  of 
cleaning  it  for  passing  the  ligature,  it  be  too  widely  separated  from  the  sheath. 
On  the  other  hand,  if  the  artery  be  insufficiently  cleaned  and  other  structures, 
as  pieces  of  muscle  or  a  neighbouring  nerve,  be  included  in  the  ligature,  the 
vessel  is  seldom  safely  occluded ;  first,  because  its  coats  are  not  properly  divided, 
and  secondly,  because  of  the  more  extensive  sloughing  and  ulceration  result- 
ing from  the  inclusion  of  so  large  a  mass  iu  the  noose  of  the  ligature.  With 
absorbable  ligatures  the  dangers  arising  from  imperfect  cleaning  are,  perhaps, 
less,  as  the  ligature  does  not  separate  by  ulcerating  through  the  mass  included 
in  its  noose ;  but  no  Surgeon  would  on  this  account  relax  his  endeavours  to 
clean  an  artery  perfectly,  even  when  using  an  absorbable  ligature. 

The  wound  of  a  collateral  branch  immediately  above  the  ligature,  though  it 
does  not  perhaps  give  rise  to  troublesome  ha3morrhage  at  the  time,  will,  as 
I  have  seen,  cause  furious  bleeding  as  the  collateral  circulation  becomes 
established. 

3.  Causes  dependent  upon  the  anatomical  conditions  of  an  artery  at  the  point 
ligatured. — The  rush  of  blood  through  a  neighbouring  trunk  or  collateral  branch 
immediately  above  the  ligature  has  been  considered  as  likely  to  interfere  with 
the  formation  of  the  internal  plug  ;  but  too  much  importance  should  not  be 
attached  to  this,  for  Porter  has  tied  the  carotid  successfully  within  one-eighth 
of  an  inch  of  the  brachio-cephalic  artery ;  BeUingham  has  ligatured  the  external 
iliac  close  to  its  origin  ;  and  Aston  Key,  the  subclavian  in  the  vicinity  of 
a  large  branch,  without  secondary  hemorrhage  ensuing.  But,  although  the 
ligature  may  be  safely  applied  near  a  branch  on  its  proximal  side,  I  think  that 
the  presence  of  a  collateral  branch  in  close  proximity  to  the  distal  side  of  the 
ligature— more  especially  if  it  be  one  that  serves  to  carry  on  the  anastomosing 
circulation— will  be  found  to  have  a  decided  tendency  to  prevent  the  occlusion 
of  the  distal  end  of  the  artery,  and  thus  to  favour  the  occuiTcnce  of  secondary 
hiemorrhage. 

Secondary  hemorrhage  is  more  liable  to  occur  when  an  artery  is  tied  in 
its  continuity,  than  when  it  is  completely  divided.  This  is  probably  due  to 
the  longitudinal  strain  exerted  upon  the  part  of  the  artery  injured  by  the 
ligature.  When  an  artery  is  completely  divided  each  end  is  retracted  for 
some  distance,  and  thus  all  longitudinal  tension  is  relieved.  In  many  arteries 
such  as  the  femoral  or  brachial,  the  strain  can  be  relieved  by  placing  the  limb' 
m  such  a  position  as  to  relax  the  vessel.    In  order  to  avoid  this  source 
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of  danger,  Abernethy,  and  some  other  Surgeons,  adopted  the  plan  of 
dividing  the  arteiy  in  every  case  and  tying  the  two  ends ;  and  the  practice  lias 
lately  been  revived  by  AValsham  at  St.  BartholonicAv's  Hospital.  Bleeding, 
resembling  ti-ne  secondary  hasmorrhage,  may  occasionally  take  place  some  days 
after  the  artery  is  tied,  when  the  collateral  circulation  is  fully  established, 
fi-om  the  Surgeons  having  neglected  to  secure  the  distal  as  well  as  the 
proximal  end. 

^  4.  Pailiohgkal  condUmis  of  the  coats  of  the  rtr/er//.— Atheroma  and  calcifica- 
tion of  the  coats  of  the  artery  will  often  predispose  to  rapid  ulceration  or 
sloughing  of  the  vessel  in  the  immediate  neighbourhood  of  the  ligature,  which 
consequently  separates  prematurely  :  at  the  same  time  repair  takes  place  less 
perfectly  within  the  vessel.  The  danger  is  less  with  absorbable  ligatures, 
which  do  not  necessarily  cut  through  the  outer  coat.  It  has  happened  that 
fatal  secondary  hasmorrhage  has  occurred  from  a  large  artery,  such  as 
the  femoral,  in  consequence  of  a  small  atheromatous  or  calcareous  patch 
hav  ing  given  way  immediately  above  the  ligature,  a  day  or  two  after  its 
application. 

b.  UnJiealthy  processes  occurriiig  in  the  ivound. — These  form  by  far  the  most 
common  and  most  important  causes  of  secondary  hEemorrhage.  If  the  end  of 
the  vessel,  instead  of  being  surrounded  by  healthy  granulation-tissue,  is  in 
actual  contact  with  septic  pus,  or  if  the  surface  of  the  wound  be  aflFected  by 
some  form  of  spreading  gangrenous  inflammation,  as  hospital,  or  spreading 
gangrene  or  erysipelas,  it  is  evident  that  the  processes  of  healthy  repair  cannot 
go  on  in  it.  It  is  by  the  exclusion  of  these  unhealthy  jjrocesses  more  than  by 
anything  else  that  secondary  hcemoiThage  is  to  be  prevented.  If  the  vessel  is 
solidly  sealed  outside  by  firm  granulation-tissue  at  the  end  of  the  third  or 
fom'th  day,  we  may  feel  perfectly  confident  that  the  internal  processes  of 
repair  will  be  safely  accomj)lished.  This  can  occur  only  if  the  lijemorrhage 
has  been  arrested  by  torsion,  or  some  form  of  non-irritating  absorbable 
ligature ;  otherwise  suppuration  must  be  kept  up  at  the  injured  part  of  the 
vessel  till  the  ligature  is  cast  off.  It  is  to  be  hoped,  therefore,  that  the  use  of 
absorbable  ligatures  or  torsion,  combined  with  the  modern  improvements  in 
the  treatment,  will  render  secondary  hsemorrhage  from  operation- wounds  one 
of  the  rarest  of  surgical  accidents. 

Fheuomeua. — The  occurrence  of  secondary  haemorrhage  is  usually  some- 
what gradual,  and  not  without  warning.  The  blood  does  not  burst  forth  in  a 
sudden  gush,  but  appears  at  first  in  small  quantity,  oozing  out  of  the  wound 
and  staining  the  dressings  ;  it  may  then  cease  to  flow  for  a  time,  probably 
from  the  opening  in  the  artery  becoming  plugged  by  a  piece  of  clot,  but  it 
breaks  out  again  in  the  course  of  a  few  hours,  welling  up  freely  in  the  wound, 
and  either  exhausting  the  patient  by  repeated  losses,  or  else  debilitating  him 
so  that  he  falls  a  victim  to  some  secondary  disease,  such  as  pneumonia, 
erysipelas,  or  pyfemia.  In  other  cases  again,  after  a  few  warnings,  the  blood 
may  burst  out  in  a  gushing  stream  that  quickly  destroys  life. 

The  opportunities  which  I  have  had  of  examining  the  state  of  the  vessels  in 
several  cases  of  fatal  secondary  haemorrhage,  lead  me  fully  to  concur  with 
Guthi-ie  and  Porter,  that  when  ha^mon-hage  occurs  from  an  artery  ligatured 
in  its  continuity,  the  blood  in  the  great  majority  of  instances  comes  from  the 
distal  and  not  from  the  proximal  side  of  the  wound.  The  greater  tendency  in 
the  distal  end  of  the  vessel  to  bleed,  appears  to  arise  partly  from  the  less 
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perfect  occlusion  of  this  portion  of  the  artery,  and  partly  from  its  greater 
liability  to  slongh,  in  consequence  of  the  ligature  interrupting  its  supply  of 
blood  tln-ough  the  vasa  vasorum.  It  is  no  objection  to  this  opinion  that  the 
fatal  hajmorrhage  is  often  arterial  ;  for,  though  it  is  true  that  the  blood  which 
is  caiTied  to  the  distal  end  is,  for  the  first  few  days  after  the  application  of  a 
ligature,  of  a  venous  hue,  yet,  after  the  collateral  circulation  is  once  freely 
established,  it  gradually  assumes  a  more  scarlet  tint,  and  at  last  becomes  com- 
pletely arterial. 

Periods  at  which  it  occurs.— Secondary  haemorrhage  may  come  on  at  any 
time  from  twenty-four  hours  after  the  operation  to  the  closm-e  of  the  wound. 
When  the  separable  silk  ligature  is  used,  it  is  particulai-ly  apt  to  occur 
about  the  period  of  the  separation  of  the  ligature. 

1.  When  hasmorrhage  occurs  alout  the  time  of  the  sejparaiion  of  the  ligature, 
it  may  arise  from  any  of  the  causes  already  specified  as  interfering  with  the 
due  formation  of  an  internal  coagulmn,  or  that  occasion  ulceration  and 
sloughing  of  the  coats  of  the  vessel.  The  occurrence  of  hasmorrhage  at  this 
time  is  often  connected  Avith  the  rapid  and  full  pulse  accompanying  septic 
traumatic  fever  in  an  otherwise  robust  and  healthy  patient. 

2.  In  some  cases  in  which  tlie  ligature  has  sqiarated,  lut  the  luound  has 
remained  oimi,  the  hemorrhage  may  take  place  from  the  cicatrix  in  the  artery 
being  too  weak  to  support  the  impulse  of  the  blood.  Continuance  of  the 
open  state  of  the  wound  after  the  separation  of  the  ligatm-e,  is,  most  probably 
dependent  either  upon  the  presence  of  a  small  slough  at  the  bottom  of  the 
wound  where  the  noose  of  the  ligature  has  lain,  or  upon  insufficient  drainage  of 
the  long  suppurating  track  left  by  the  ligature.  The  length  of  time  that 
sometimes  elapses  between  the  separation  of  the  ligature  and  the  occm-rence  of 
haemorrhage  is  very  remarkable  :  thus,  there  is  in  St.  Thomas's  Hospital  a 
preparation  of  a  carotid  artery,  from  which  secondary  hasmorrhage  took  place 
in  the  tenth  week  after  ligature  ;  and  South  mentions  a  case  of  ligature  of  the 
subclavian  in  which  the  thread  separated  on  the  twenty-seventh  day,  the  fatal 
hasmorrhage  occurring  in  the  thirteenth  week. 

When  an  absorbable  ligatm-e  is  used,  if  from  any  of  the  causes  before 
mentioned,  it  fails  to  become  absorbed,  secondary  liEemorrhage  may  occur  at 
the  same  time  as  with  the  separable  ligature.  It  may,  however,  come  on  at  an 
earlier  period,  the  third  or  fourth  day,  from  premature  softening  of  the  catgut, 
if  that  material  be  used.  Experience  has,  however,  shown  that  this  is  a  very 
rare  accident ;  and  it  can  scarcely  occiu-  if  the  gut  be  properly  prepared,  and  if 
it  be  protected  from  the  influence  of  decomposing  discharges. 

The  Treatment  of  Secondary  Haemorrhage  must  be  considered,  as  the 
bleeding  takes  place,  1,  from  a  Stump  ;  and,  2,  from  an  artery  tied  in  its 
Continuity. 

In  all  cases  of  ligature  of  arteries,  care  should  of  course  be  taken  to 
prevent  this  accident,  if  possible,  by  keeping  the  patient  perfectly  quiet, 
giving  no  stimulants,  having  the  bowels  kept  open  and  the  secretions  free, 
and  avoiding  any  undue  traction  on  the  thread  itself  if  a  separable  ligature 
be  used. 

When  the  pulse  is  full  and  rapid,  and  when  from  any  cause  the  wound  is 
suppurating  and  so  far  open  that  the  main  vessels  can  be  seen  several  days 
after  the  operation  beating  forcibly  at  their  frirther  ends,  there  is  great  danger 
of  secondary  haemorrhage  occm-ring,  and  the  patient  must  be  closely  watched  ; 
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the  artery  should  be  dio-itally  compressed,  and  the  diet  lowered.  In  these 
cases  it  may  sometimes  be  advisable  to  have  recourse  to  venesection. 

In  primary  ha;morrhagc  the  rule  of  practice  is,  not  to  interfere  by  operation 
if  once  the  bleeding  has  been  arrested  by  other  means.  In  secondary  hoemor- 
rhage  this  rule  does  not  apply ;  but  the  Surgeon  mmj  proceed  to  adopt  effectual 
means  for  the  preventing  a  recurrence  of  the  bleeding  after  the  first  out- 
break, even  though  all  flow  of  blood  have  ceased  when  he  sees  the  patient  ; 
and  he  must  do  so,  and  that  without  delay,  if  the  ha3morrhage  have  recurred 
more  than  once.  When  a  repetition  of  secondary  hajniorrhage  has  taken  place, 
the  patient's  condition  becomes  most  critical ;  the  efforts  of  nature  can  no 
longer  be  relied  on  to  arrest  the  bleeding,  and  the  last  and  fatal  gush  may 
occur  at  any  moment.  Hence  the  Surgeon  must  in  such  circumstances  lose  no 
time  ;  there  must  be  no  dallying,  no  hoping  that  the  bleeding  will  not  recur, 
no  resorting  to  temporary  and  inefficient  expedients  ;  but  the  case  must  be  at 
once  and  decisively  taken  in  hand.  In  no  circumstances  are  more  coolness 
and  more  surgical  knowledge  required,  than  in  adopting  a  decisive  and  im- 
mediate line  of  action  in  a  case  of  secondary  haemorrhage.  There  is  no  time 
for  delay,  no  time  for  consultation,  none  for  reference  to  books ;  but  the 
Surgeon  must  act  at  once  on  his  own  responsibility. 

The  treatment  of  secondary  hsemorrliage  from  a  Stump  will  depend  in 
a  great  measure  on  the  degree  of  union  that  has  taken  place  between  the  flaps, 
and  on  the  situation  of  the  stump.  When  the  haemorrhage  occurs  a  few  days 
after  amputation,  if  there  be  but  slight  oozing,  elevating  the  part,  applying 
cold,  and  bandaging  it  tightly  with  a  roller,  so  as  to  compress  the  flaps,  will 
sometimes  arrest  the  bleeding.  If  it  contuiue,  however,  or  become  more 
severe,  the  flaps,  which  will  have  been  torn  apart  by  the  effusion  of  blood,  must 
be  separated,  and  the  bleeding  vessels  sought  for  and  tied.  When  the  stmnp 
is  sloughy,  and  the  tissues  softened,  ligatures  will  not  hold ;  in  these  cir- 
ciunstances,  application  of  the  actual  cautery  to  the  bleeding  points  will 
aiTest  the  flow  of  blood.  If  the  oozing  appear  to  be  nearly  general  from  the 
number  of  points,  the  flaps  being  somewhat  spongy,  I  have  succeeded  in 
arresting  the  hfcmoiThage  by  clearing  their  surfaces  thoroughly  of  all  coagula, 
and  then  bringing  them  tightly  together  by  means  of  a  roller. 

If  the  hasmorrhage  occur  at  a  later  period,  after  the  tenth  day,  when 
tolerable  union  has  taken  place,  and  if  it  appear  to  proceed  from  the  principal 
artery  of  the  part,  an  effort  may  be  made  to  arrest  it  by  the  application  of  the 
horse-shoe  tourniquet,  which  will  occasionally  stop  all  further  loss  of  blood  ; 
or,  if  the  union  that  had  taken  place  between  the  flaps  have  been  broken 
through,  the  stump  may  be  fairly  opened  up,  the  coagula  tiu-ned  out,  and  the 
bleeding  vessel  sought  for  and  tied.  If,  however,  notwithstanding  the  hasmor- 
rhage,  the  union  between  the  flaps  continue  sound  and  firm,  then  the  choice 
lies  between  three  alternatives  :  1,  opening  up  the  stump,  clearing  away 
coagula,  and  tyiug  the  bleeding  vessels  at  their  open  mouths  ;  2,  ligaturing  the 
main  artery  just  above  the  stump  ;  3,  peiforming  the  Ilunterian  operation,  and 
tying  the  vessel  high  up  in  the  limb  at  a  distance  from  the  stump.  The  course 
to  be  adopted  will,  I  think,  in  a  great  measure  depend  upon  the  stump  with 
which  we  have  to  do  ;  but,  as  a  general  rule,  I  prefer  in  these  cases  adopting 
the  first  alternative— placing  a  tourniquet  on  the  limb,  passing  the  finger  into 
the  stump,  and  breaking  down  all  adhesions,  which  are  often  very  firm  ; 
turning  out  the  mass  of  coagula,  usually  found  distending  the  flaps ; 
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cleaning  these  thoroughly  with  a  sponge,  and  then  tying  the  bleeding 
artery.  If  there  he  a  difficulty  in  exposing  this,  or  in  clearing  it  so  that  the 
ligature  Avill  hold,  acupressure  may  be  advantageously  substituted  for  the  liga- 
ture, and  the  effects  of  this  may  be  increased  by  the  continuous  employment  of 
digital  compression  in  the  groin.  Besides  the  main  artery  that  bleeds — one  of 
the  tibials,  for  instance,  if  it  be  a  leg-amputation— there  will  generally  be  very 
free  oozing  from  many  points.  The  more  abundant  of  this  may  be  stopped  by 
a  ligature  passed,  if  the  tissues  be  friable,  by  means  of  a  nasvus-needle  under 
the  vessels ;  the  rest  will  cease  on  the  application  of  cold  water  and  on  raising 
the  stump.  The  flaps  may  then  be  brought  together  by  strips  of  plaster  and 
a  bandage,  and  will  usually  very  readily  unite. 

Should,  however,  the  stump  be  inflamed,  sloughy,  and  oedematous,  and  more 
particularly  if  it  be  merely  the  foot  or  hand  that  has  been  removed,  then, 
instead  of  opening  it  up,  and  seeking  for  the  bleeding  vessel,  deeply  hidden  in 
infiltrated  tissues,  it  will  be  better  to  tie  tlie  main  artery  of  the  limb  just 
above  the  flaps,  or  wherever  it  can  be  most  readily  reached.  In  such  cases, 
after  amputation  of  the  foot,  I  have  successfully  tied  the  posterior  tibial  low 
down,  just  above  the  malleolus. 

The  third  alternative,  that  of  ligaturing  the  artery  high  above  the  stump, 
should,  I  think,  in  the  first  instance,  be  undertaken  in  those  cases  only  where 
the  amputation  has  been  done  close  to  the  trunk,  as  at  the  shoulder- joint, 
or  the  middle  or  upper  part  of  the  thigh,  and  where  consequently  there  is  no 
length  of  limb  to  be  nourished  by  the  artery  that  is  ligatured,  and  where 
opening  up  an  almost  cicatrized  stump  of  very  large  size  would  inflict  a 
greater  shock  upon  the  system,  and  more  subsequent  danger,  than  the 
deligation  of  an  artery  by  an  independent  operation.  Hence,  although  in  no 
case  of  secondary  hsemorrhage  fr'om  a  leg-stump  below  the  knee  would  I 
ligature  the  femoral  in  preference  to  opening  up  the  flaps  and  securing 
the  vessels  in  them,  if  this  were  practicable,  yet  in  secondary  haemorrhage 
after  amputation  of  the  thigh,  the  case  might  be  different ;  here,  if 
good  union  had  ak'eady  taken  place,  and  the  stump  were  not  distended  by 
coagula,  the  main  artery  might  be  tied.  In  such  cases  it  is  clearly  useless  to 
ligature  the  superficial  femoral,  as  the  haemorrhage  may  proceed  from  some  of 
the  branches  of  the  profunda.  Ligature  of  the  common  femoral,  although  at 
one  time  considered  an  unsafe  operation,  has  recently  been  frequently  per- 
formed with  success,  and  might  be  done  under  these  circumstances,  although 
I  have  myself  usually  preferred  to  tie  the  external  iliac  just  above  Poupart's 
ligament.  In  disarticulation  of  the  arm  at  the  shoulder- joint,  the  subclavian 
artery  must  be  tied,  either  above  or  just  below  the  clavicle. 

In  any  case,  Hgature  of  the  main  artery  of  the  limb  becomes  the  only 
and  the  last  resource,  when,  in  consequence  of  the  softened,  inflamed,  infil- 
trated or  sloughy  state  of  the  tissues  the  Surgeon  is  unable  to  secure  the 
bleeding  vessels  in  the  stump  itself,  the  ligatures  cutting  through  the  dis- 
organized coats  of  the  vessels. 

2.  When  the  hemorrhage  occurs  after  a  ligature  has  been  applied  to  the 
Continuity  of  the  Vessel,  whether  for  injury  or  disease,  pressure  must 
first  be  tried.  With  this  view  the  wound  should  be  plugged,  and  a  graduated 
compress  should  be  very  firmly  and  carefully  applied  by  means  of  a  ring-tour- 
niquet over  the  point  from  which  the  blood  proceeds  ;  in  this  way  the  bfeedino- 
may  occasionally  be  stopped.    Not  unfrequently,  however,  this  will  prove 
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inoflFectual,  the  bleeding  recurring  from  underneath.  AVhcn  this  is  the  case, 
Avlirtt  should  the  Surgeon  do  ?  He  may  re-apply  the  compress  ouce  more  with 
gTcat  care,  after  clearing  away  coagula,  and  drying  the  parts  thoroughly  ;  hut 
should  it  again  ftiil  in  arresting  the  bleeding,  it"is  useless  to  trust  to  it  further, 
as  the  hiBmorrhage  will  certainly  recur,  and  valuable  time  and  much  blood  will 
be  lost  iu  these  fruitless  attempts  at  checking  it.  In  such  a  case  as  this,  the 
Surgeon  must  clearly  and  decidedly  determine  on  the  course  to  be  pursued,  as 
there  is  but  "little  time  for  reflection  or  consultation,  and  none  for  referring 
to  authorities." 

If  the  artery  be  situated  on  the  trunk,  as  the  subclavian,  carotid,  or  one  of 
the  iliacs,  there  is  nothing  to  be  done  but  to  trust  to  the  plugging  of  the 
■wound  ;  and  in  the  great  majority  of  these  cases  the  patient  will  die  exhausted 
by  repeated  ha3morrhage. 

AVhen  the  artery  is  situated  in  one  of  the  limbs,  more  efficient  procedures 
may  be  employed.  If  it  be  one  of  the  arteries  of  the  upper  extremity, 
the  wound  should  be  opened  up,  and  an  attempt  made  again  to  tie  both 
ends  of  the  vessel  in  this  ;  should  this  fail,  or  not  be  practicable,  the  artery 
must  be  deligated  at  a  higher  point  than  that  at  which  it  had  been  previously 
tied ;  should  the  hemorrhage  continue,  or  recur,  amputation  is  the  only 
resource  left. 

In  the  lower  extremity,  the  treatment  of  secondary  haemorrhage  occurring 
after  ligature  is  replete  with  difficulty.    Here  I  beheve  it  to  be  useless  to  tie 
the  artery  at  a  higher  point  than  that  to  which  the  ligature  has  been  already 
applied,  as  gangi-ene  is  very  apt  to  follow  this  double  ligature  of  the  arteries 
of  the  lower  extremity  :  at  least,  in  the  two  or  three  cases  that  I  have  seen  in 
which  recourse  has  been  had  to  this  practice,  mortification  of  the  limb  has 
ensued  ;  and  in  all  the  reported  cases  with  which  I  am  acquainted,  a  similar 
result  has  occurred.    The  treatment  should  vary  according  as  we  have  the 
femoral  artery  or  one  of  the  tibials  to  deal  with.    If  the  hajmorrhage  proceed 
from  the  femoral,  I  should  be  disposed  to  cut  down  on  the  bleeding  part  of  the 
vessel,  treating  it  as  a  wounded  artery,  and  applying  a  ligature  above  and 
below  the  part  already  deligated ;  this  operation  would,  however,  necessarily 
be  fraught  with  difficulty.    Should  it  be  impracticable,  or  not  succeed  in 
checking  the  hasmorrhage,  we  should  best  consult  the  safety  of  the  patient  by 
amijutating  at  once  on  a  level  with  or  above  the  ligature.    Although  this  is 
an  extreme  measure,  it  is  infinitely  preferable  to  allowing  him  to  run  the  risk 
of  the  supervention  of  gangrene,  which  will  require  removal  of  the  limb  under 
less  favourable  conditions.    If  the  secondary  htemorrhage  proceed  from  one 
of  the  tibials,  it  would  be  next  to  useless  to  adopt  either  of  the  preceding 
alternatives.    If  we  ligatured  the  superficial  femoral,  the  bleeding  would  not 
be  permanently  controlled,  or,  if  it  were,  gangrene  of  the  limb  would  in  all  pro- 
bability set  in.    There  are  but  very  few  cases  on  record  in  which  this  practice 
has  been  followed  without  mortification  occurring.    In  a  few  rare  instances, 
liowever,  ligature  of  the  popliteal  has,  in  such  circumstances,  succeeded  :  but 
it  has  also  frequently  failed,  rendering  secondary  amputation  necessary ;  so 
its  success  is  a  mere  matter  of  chance.    The  depth  at  which  the  tibials  are 
situated  is  so  great,  that  it  would  be  hopeless  to  search  for  one  of  these  vessels 
and  attempt  its  deligation  at  the  bottom  of  a  deep,  sloughy,  infiltrated  and 
inflamed  wound.    In  such  circimistances,  therefore,  I  thinlc  we  should  ampu- 
tate the  leg  above  the  seat  of  wound.    This  is  truly  a  severe  measm-e  ;  but 
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the  only  other  calternative  that  has,  to  my  knowledge,  ever  succeeded,  is 
lii^ature  of  the  popliteal ;  and  as  that,  as  already  stated,  has  frequently  failed, 
I  "think  that,  as  a  rule,  we  should  best  consult  the  safety  of  the  patient  l3y  the 
remo\  al  of  the  limb  at  once. 

If  the  hasmoiThage  occur  from  a  wounded  artery  to  which  ligatures  have 
already  been  applied  above  and  below  the  seat  of  wound,  the  same  treatment 
must  be  adopted  as  in  those  cases  in  which  the  bleeding  takes  place  from  a 
vessel  tied  in  its  continuity. 

Gangrene  folloavixg  Ligature. — After  the  ligature  of  the  main  artery  of 
a  limb,  the  collateral  circulation  is,  under  all  ordinary  circumstances,  sufficient 
to  maintain  the  vitality  of  the  part  supplied  by  the  deligated  vessel.  In  some 
cases,  however,  it  happens  that  the  condition  of  the  circulation  in  the  parts 
below  the  ligature  is  not  compatible  with  their  life. 

The  Period  of  Stqyervetition  of  gangrene  of  the  limb  extends  over  the  first 
three  or  four  weeks  after  the  ligature  of  the  vessel.  It  seldom  sets  in  before 
the  third  day,  but  most  frequently  happens  before  the  tenth. 

Causes. — The  causes  influencing  the  occurrence  of  gangrene  in  this  way  are 
the  Age  of  the  Patient,  the  Seat  of  the  Operation,  and  various  Conditions  in 
which  the  limb  may  afterwards  be  placed. 

The  influence  of  age  is  not,  however,  so  marked  as  might  ct,  priori  be  sup- 
posed ;  for,  although  there  can  be  no  doubt  that  there  is  a  less  accommo- 
dating power  in  the  arterial  system  at  an  advanced  period  of  life  to  varying 
quantities  of  blood,  and  that  there  would  be  greater  difficulty  in  main- 
taining the  vitality  of  a  limb  after  ligature  of  its  arteiy  in  a  man  of  sixty 
than  in  one  of  twenty-five  ;  yet  I  find  that,  of  thirty  cases  in  which  gangrene 
of  the  lower  extremity  followed  the  ligature  either  of  the  external  ihac  or 
femoral  arteries,  the  average  age  of  the  patient  was  thirty-five  years,  as  nearly 
as  possible  the  mean  age  at  which  these  operations,  according  to  Norris's 
Tables,  are  generally  performed.  Of  these  cases  of  gangrene  two  occurred  in 
persons  under  twenty  years  of  age,  eleven  between  twenty  and  thirty,  eight 
between  thirty  and  forty,  and  nine  above  forty. 

The  seat  of  the  ojmriiion  influences  greatly  the  liability  to  gangrene,  which  is 
much  more  frequent  after  the  ligature  of  the  arteries  in  the  lower  than  in  the 
upper  extremity. 

Besides  these  predisposing  causes,  gangrene  after  ligature  may  be  directly 
occasioned  by  a  deficiejit  sup])ly  of  arterial  Mood.  In  some  cases  this  may  arise 
fi'om  the  collateral  vessels  being  unable,  in  consequence  of  the  rigidity  of  their 
coats,  to  accommodate  themselves  to  the  increased  quantity  of  blood  which 
they  are  required  to  transmit ;  or  they  may  be  compressed  in  such  a  way  by 
extravasation  as  to  be  materially  lessened  in  their  capacity.  In  other  instances 
again,  the  existence  of  cardiac  disease  may  interfere  with  the  proper  supply  oi' 
blood  to  the  part. 

Great  loss  of  blood,  either  in  consequence  of  secondary  hajmorrhage,  or  in  anv 
other  way,  before  or  after  the  application  of  the  ligature,  is  often  followed  by 
gangrene,  and  is  almost  certain  to  be  attended  by  this  result  if  a  second  ligature 
have  been  applied  to  a  higher  point  in  the  lower  extremity.  That  a  diminution 
in  the  quantity  of  blood  circulating  in  the  system  may,  under  the  most  fixvour- 
able  circumstances,  become  a  cause  of  gangrene  after  the  hgature  of  a  main  artery, 
is  illustrated  by  the  statement  of  Hodgson  that,  soon  after  the  introduction  of 
the  Hunterian  operation  into  Paris,  it  was  the  custom  to  employ  repeated 
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venesection  in  the  cases  operated  on ;  the  consequence  of  ^Yhich  was,  that 
mortification  was  of  fi-equent  occurrence. 

A  more  common  cause  of  gangrene  is  the  difficulty  experienced  hj  the  venous 
blood  in  its  return  from  the  limb.  This  difficulty  always  exists  even  when  no 
mechanical  obstacle  impedes  the  return,  being  dependent  on  the  want  of  a 
proper  vis  a  tergo  to  drive  on  the  blood.  The  propulsive  force  of  the  heart, 
the  luain  agent  in  the  venous  circulation,  is  largely  expended  in  driving  the 
blood  tlu-ough  the  narrow  and  circuitous  channels  of  the  anastomosing  vessels. 
This  difficulty  to  the  onward  passage  of  the  venous  blood  may,  if  there  exist 
any  cause  of  obstruction  in  the  larger  venous  trunks,  be  readily  increased  to 
such  an  extent  as  to  an-est  the  circulation,  and  so  cause  the  limb  to  mortify. 
This  mechanical  obstacle  may  be  dependent  upon  the  occlusion  of  the  vein  by 
thrombosis  occm-ring  within  it  opposite  the  hgature,  by  its  transfixion  with 
the  aneurism-needle,  or  by  its  accidental  wound  with  the  knife  in  exposing  the 
artery.  When  such  an  injury,  followed  by  inflammation,  is  inflicted  on  a  vein, 
which,  like  the  femoral,  retm'us  the  great  mass  of  blood  from  a  limb,  gangxene 
is  almost  inevitable. 

The  supervention  of  erysipelas  in  the  limb  after  the  application  of  a 
ligature,  though  fortunately  not  of  very  fi-equent  occurrence,  is  a  source  of 
considerable  danger,  being  very  apt  to  give  rise  to  gangi-ene  by  the  tension  of 
the  parts  obstructing  the  anastomosing  circulation.  I  have  on  two  occasions 
seen  gangrene  of  the  fingers,  fi'om  this  cause,  follow  ligature  of  the  vessels  of 
the  fore -arm. 

Abstraction  of  heat  ffom  the  limb,  either  directly  by  the  application  of 
cold,  or  indirectly  by  the  neglect  of  sufficient  precaution  to  keep  up  the  tem- 
perature of  the  23art,  often  occasions  gangrene :  thus  Sir  A.  Cooper  saw  mortifi- 
cation follow  the  application  of  cold  lead-lotion  to  a  limb  in  which  the  femoral 
artery  had  been  tied  ;  and  Hodgson  witnessed  the  same  result  when  the  opera- 
tion was  performed  at  an  inclement  season  of  the  year. 

The  incautious  application  of  heat  may,  by  overstimulating  the  returning 
circulation  of  the  limb,  especially  about  the  period  when  the  rising  tempera- 
ture is  an  indication  of  distension  of  the  capiUary  vessels,  occasion  mortifi- 
cation. In  this  way  the  application  of  hot  bricks  and  bottles  to  the  feet  has 
given  rise  to  sloughing ;  and  Listen  was  compelled  to  amputate  the  thigh  after 
ligature  of  the  femoral  artery,  for  gangrene  induced  by  fomenting  the  limb 
with  hot  water. 

The  application  of  a  bandage,  even  though  very  cautiously  made,  is  apt  to 
induce  sloughing  and  gangrene.  1  have  seen  this  happen  when  a  roller  was 
applied  to  the  leg  after  ligatme  of  the  femoral  artery,  with  a  view  to  removing 
the  oedema. 

Character. — The  gangrene  from  ligature  of  an  artery  is  almost  invariably 
of  the  moist  kind,  as  it  usually  arises  from  diminished  vis  a  tergo  and  conse- 
quent stagnation  of  blood.  The  limb  first  becomes  oedematous  ;  vesications 
then  form  ;  and  the  skin  assmnes  a  purplish  or  greenish-black  tint,  rapidly 
extending  up  to  the  seat  of  operation.  In  some  cases,  though  they  are  rare, 
simple  mummification  of  the  limb  comes  on  ;  the  skin  assuming  a  dull 
yeUowish-white  hue,  mottled  by  streaks  that  corrcsspond  to  the  veins,  and 
becoming  dry,  horny,  and  shrivelled,  about  the  extensor  tendons  of  the  instep. 

Treatment. — Much  may  be  done  with  the  view  of  preventing  gangrene. 
Thus,  the  limb  should  be  slightly  elevated,  wrapped  up  loosely  in  cotton- 
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wadding,  and  laid  ou  its  outer  side  after  the  operation.  If  the  weather  be 
cold,  hot-water  bottles  may  be  put  into  the  bed,  hwt  not  in  coniact  with  the 
limb.  Should  there  be  any  appearance  of  stagnation  of  venous  blood,  the  plan 
recommended  by  Guthrie  of  emj^loying  continuous  and  methodical  friction  in 
a  direction  upwards  for  tAventy-four  hours,  so  as  to  keep  the  superficial  veins 
emjitied,  may  be  practised. 

When  mortification  has  fairly  set  in,  amputation  of  the  limb  should  be  per- 
formed at  once  as  the  only  chance  of  saving  life,  in  all  those  cases  in  which  the 
patient's  constitutional  powers  are  sufficiently  strong  to  enable  him  to  bear  the 
shock  of  the  operation.  The  lunb  should  be  removed  at  the  seat  of  the  original 
wound,  or  opposite  the  point  at  which  the  artery  has  been  tied.  In  those  cases, 
however,  in  which  the  gangrene  follows  injury  of  the  femoral  artery  just  below 
Poupart's  ligament,  Guthrie  advises  that  the  amputation  should  be  done  below 
the  knee,  where  the  gangrene  usually  stops  for  a  time.  If  the  gangrene  spread, 
with  oedema  or  serous  infiltration  of  the  limb,  the  amputation  should  be  done 
high  up — at  the  shoulder- joint,  or  in  the  upper  third  of  the  thigh.  In  these 
cases  a  large  number  of  vessels  usually  require  ligatm'e,  having  been  enlarged 
by  the  collateral  circulation. 
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TRAUMATIC  ANEUEISM  AND  AETERIO-VENOUS  WOUNDS. 


TRAUMATIC  ANEURISM. 

We  have  hitherto  discussed  the  treatment  of  an  injured  artery  having  an 
open  wound  communicating  with  it.  It  often  happens,  however,  that  the  case 
is  not  so  simple  as  that  which  has  been  described,  but  that,  in  addition  to  the 
wound  in  the  vessel,  there  is  subcutaneous  extravasation  of  blood,  with  more  or 
less  pulsation,  thrill,  and  bruit,  from  the  projection  into  it  of  blood  from  the 
wounded  vessel.  This  extravasation  constitutes  a  Traumatic  Aneurism,  and 
may  arise  in  three  ways.  1.  There  may  be  an  oblique  or  indirect  puncture  into 
the  artery,  the  blood  fm'nished  by  which  partly  escapes  from  the  wound,  partly 
extravasates  itself  into  the  tissues  around  the  vessel.  2.  The  puncture  in  the 
integuments  may  have  been  closed  by  plaster  or  bandage  ;  and  then  no  blood 
escaping  externally,  although  the  wound  in  the  artery  continues  patent,  the 
blood  is  forced  out  into  the  substance  of  the  limb  or  part.  3.  There  may  have 
been  no  external  wound,  but  the  artery  may  have  been  punctiu'ed  or  torn 
across  subcutaneously,  by  the  fragments  of  a  fractured  bone,  by  a  violent  strain 
or  twist  of  the  limb,  by  the  injury  inflicted  in  a  dislocation,  or  by  the  Surgeon 
in  his  elforts  to  reduce  it. 

These  traumatic  aneurisms,  in  whatever  way  arising,  are  of  two  kinds,  the 
Diffused  and  the  Circumsci  ihed. 

Diffused  Traumatic  Aneurism. — This  consists  of  an  effusion  of  blood 
poured  out  by  a  wounded  or  ruptured  artery  with  which  it  communicates  ; 
limited  in  extent  by  the  resistance  of  surrounding  parts,  and  partially  co- 
agulating in  the  meshes  of  the  areolar  tissue.  It  has  no  sac  ;  and  its  ill- 
defined  boundary,  composed  partly  of  coagulum,  partly  of  inflammatory 
exudation  from  the  tissues  into  which  the  blood  is  poured  out,  has  a 
constant  tendency  to  extend  under  the  pressure  of  the  fluid  blood,  which 
continues  to  be  projected  into  the  centre  of  the  tumour. 

This  form  of  traumatic  aneurism  is  indicated  by  a  subcutaneous,  soft,  and 
semi-fluctuating  tumour,  often  of  very  considerable  size.  If  the  communica- 
tion be  large  the  tumour  increases  rapidly  in  size,  and  this  gives  rise  to  the 
most  intense  pain.  At  first  the  skin  covering  it  is  of  its  natural  colour,  but 
it  gradually  becomes  bluish,  and  is  thinned  by  the  pressure  to  which  it  is 
subjected.  If  the  wound  in  the  vessel  be  rather  large,  there  will  be  a 
distinct  pulsation  in  the  tumour  synchronous  with  the  systole  of  the  heart, 
accompanied  by  a  thrilling,  purring,  or  jarring  sensation,  and  often  a  distinct 
and  loud  bruit.  In  other  cases,  if  the  injured  artery  be  small,  or  if  the  wound 
in  it  be  oblique,  and  of  limited  size,  there  may  be  no  distinct  pulsation  or 
bruit ;  the  tumour  being  either  indolent  and  semi-fluctuating,  or  having  an 
impulse  communicated  to  it  by  the  subjacent  artery.  In  those  cases  also  in 
which  the  artery  is  torn  completely  across,  or  in  which  the  effused  blood  co- 
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agiiliites  very  rapidly,  the  ordiiiaiy  aueiirismal  bruit  and  pulsation  may  l^c  very 
obscm-e  or  quite  absent.    In  such  cases,  the  diagnosis  is  often  extremely 
difficult.    From  the  redness  of  the  skin,  the  oedema  of  the  subcutaneous 
tissue,  the  rapid  formation  of  the  tumour,  and  the  acute  pain,  a  diifused 
traumatic  aneurism  closely  resembles  an  acute  abscess,  and  many  cases  are  on 
record  in  which  an  incision  has  been  made  into  it  under  this  supposition.  The 
true  natm'e  and  gravity  of  the  tumour  may  usually  be  recognized  by  observing 
that  the  pulse  in  the  arteries  at  a  lower  point  is  absent,  that  there  is  great 
oedema  of  the  limb  from  pressure  on  the  veins  accompanying  the  artery,  and 
that  the  tumour  is  situated  in  the  line  of  one  of  the  main  arterial  trunks.  The 
immediate  relief  experienced  by  the  patient  when  the  main  trunk  above  the 
tumour  is  compressed  may  in  some  cases  aid  in  the  diagnosis,  but  too  much 
reliance  must  not  be  ]Dlaced  upon  this,  as  the  pain  of  an  acute  abscess  may  be 
to  some  extent  relieved  in  the  same  way.    In  cases  in  which  the  diagnosis 
cannot  be  otherwise  made  the  aspirator  may  be  used.    If  pure  blood  is  with- 
drawn in  large  quantities,  the  diagnosis  of  aneurism  would  be  confirmed  ;  if 
only  a  few  drops  of  blood  escaped  it  would  be  uncertain,  as  these  might  come 
from  the  inflamed  tissues  round  an  abscess ;  if  pus  mixed  with  blood  appeared 
in  the  syringe  it  might  still  be  an  aneurism  if  the  tumour  had  existed  any  length 
of  time,  as  suppuration  might  be  taking  place  round  the  extravasated  blood. 

These  tumom's,  if  left  to  themselves,  rarely  undergo  spontaneous  cure,  but 
they  either  increase  in  size  until  the  integument  covering  them  sloughs  and 
ruptures,  or  the  external  wound,  which  has  been  temporarily  plugged  by  coagu- 
lum,  gives  way ;  or  else  they  inflame  and  suppurate,  pointing  at  last,  like  an 
abscess,  and,  on  bursting,  give  rise  to  a  sudden  gush  of  blood,  which  may  at 
once,  or  by  its  rapid  recurrence,  prove  fatal.  The  combined  obstruction  to 
the  flow  through  the  artery  and  the  pressure  on  the  veins  may  cause  gangrene 
of  the  limb  at  an  early  stage  of  the,  case.  In  some  cases  the  boundary  of 
clotted  blood  and  inflammatory  exudation  may  give  way,  and  the  loss  of  blood 
extravasated  into  the  areolar  tissue  beneath  the  fascia  of  the  limb  may  be 
so  great  as  to  cause  death  from  syncope. 

Treatment. — The  treatment  must  be  conducted  on  exactly  the  same  plan 
as  that  of  an  injured  artery  communicating  with  an  external  Avound  ;  the  only 
difi'ereuce  being  that,  in  the  case  of  the  diffused  traumatic  aneurism,  the  aper- 
ture in  the  artery  opens  into  an  extravasation  of  blood  instead  of  upon  the 
surface.  We  must  especially  be  upon  our  guard  not  to  be  misled  by  the  term 
amvrism,  and  not  to  attempt  to  treat  this  condition,  resulting  from  wound  or 
subcutaneous  laceration,  by  the  means  that  we  employ  with  success  in  the 
management  of  aneurism  proper.  In  a  pathological  aneurism  the  blood  is  con- 
tained within  a  sac,  which,  as  will  hereafter  be  shown,  is  essential  for  the  process 
of  cure  of  the  disease.  In  the  diffiised  traumatic  aneurism  there  is  no  sac 
properly  speaking ;  and  hence  those  changes  to  which  a  sac  is  necessary  cannot 
take  place.  I  doubt  whether  there  is  a  case  on  record  in  which  the  Hunterian 
operation  for  aneurism,  applied  to  the  condition  now  under  consideration,  has 
not  terminated  in  danger  or  death  to  the  patient,  and  in  grievous  disappoint- 
ment to  the  Surgeon. 

The  proper  treatment  of  diffused  traumatic  aneurism  consists  in  laying  open 
the  tumour  by  a  stroke  of  the  scalpel,  removing  the  coagula,  dissecting  or 
rather  cleaning  out  the  artery,  and  ligaturing  it  above  and  below  the  wound 
in  it.    This  operation,  easy  in  description,  is  most  difficult  and  tedious  in 
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practice.  The  bleeding  is  often  profuse  ;  the  cavity  that  is  laid  open  is  largo, 
ragged,  and  partially  filled  with  coagula  ;  it  is  often  with  much  difficulty  that 
the  artery  is  found  under  cover  of  these,  and  in  the  midst  of  infiltrated  and 
disorganized  tissues  ;  and  when  it  is  found,  it  is  not  always  easy  to  get  a 
ligature  to  hold.  It  will  be  convenient  to  divide  the  operation  into  two 
stages: — 1.  Exposing  the  artery  ;  2.  Passing  the  ligature. 

First  Stage. — The  limb  should  be  rendered  bloodless  and  an  india-rubber 
tourniquet  applied,  whenever  this  is  possible.  If  the  artery  can  be  so  com- 
manded, the  diffused  aneurism  may  be  at  once  laid  open  freely  ;  but  if  not, 
the  Surgeon  must  proceed  more  cautiously.  He  must  make  a  small  ajDerture 
in  the  most  prominent  part  of  the  tumour,  and  introduce  two  of  the  fingers  of 
the  left  hand  so  as  to  plug  the  wound  in  the  integuments,  and  prevent  the 
escape  of  blood,  at  the  same  time  feeling  for  the  opening  in  the  artery, 
and  pressing  his  finger  well  upon  this.  Having  ascertained  that  he  controls 
the  vessel  thoroughly  by  the  pressure  of  his  left  index-  and  middle  fingers,  he 
may  proceed  to  slit  open  freely  the  wound  in  the  integuments,  and  clear  the 
clots  and  blood  thoroughly  out  of  the  aneurismal  tumour. 

Second  Stage. — The  Surgeon  will  now  have  exposed  the  deep  part  of  the 
aneurismal  cavity.  The  artery  must  next  be  cleaned  for  the  api^lication  of  the 
ligature.  If  the  artery  be  commanded  above  by  an  elastic  tourniquet  the 
Sm-geon  carefully  searches  for  the  opening  in  the  ^^essel.  If  he  cannot  find  it 
the  elastic  tourniquet  must  be  removed  and  the  artery  controlled  either  by  a 
screw  tourniquet  or  by  the  fingers  of  an  assistant.  The  opening  can  then  be 
readily  found  by  allowing  a  jet  of  blood  to  escape.  Having  found  the  opening 
he  can  proceed  to  clean  the  artery.  This  may  best  be  done  by  passing  a  steel 
probe,  or,  what  is  better,  a  full-sized  bougie  or  sound,  into  the  open  wound 
in  the  artery  so  as  to  distend  the  vessel,  dissecting  down  011  each  side  of  this 
tlirough  the  posterior  wall  of  the  sac,  and  then  passing  the  ligature  in  the 
usual  way.  But  if  the  vessel  be  so  near  the  centre  of  tlie  circulation  that  it 
cannot  be  efficiently  commanded,  then  the  difficulties  become  far  greater. 
Under  these  circumstances  the  Surgeon  must,  if  possible,  replace  the  finger 
with  which  he  is  closing  the  wound  in  the  artery  by  that  of  an  assistant,  so 
that  he  may  have  both  hands  free  to  clean  tlie  artery.  The  change  must  be  made 
instantaneously  to  avoid  loss  of  blood.  If,  however,  he  cannot  do  this  he 
must,  while  keeping  the  fore-finger  of  his  left  liand  firmly  pressed  on  the  open 
wound,  endeavour,  by  scratching  through  the  tissues  abo^■e  it,  to  expose  the 
artery  sufficiently  to  make  a  dip  with  the  needle  around  it,  and  tlius  to  secure 
it.  This  part  of  the  operation  is  by  far  the  most  difficult  in  such  cases,  on 
account  of  the  infiltration  of  the  parts  and  the  thickening  of  the  structures 
preventing  the  artery  from  being  readily  distinguished  and  easily  cleared. 

The  application  of  a  ligature  to  the  distal  end  of  the  vessel,  if  it  be  com- 
pletely divided,  is  especially  difficult.  Should  it  not  be  practicable,  the  a])pli- 
cation  of  the  actual  cautery,  or  pressure  by  means  of  a  sponge- tent  or  graduated 
compress,  will  be  found  the  best  means  of  arresting  the  htiiuiorrhage. 

Circumscribed  Traumatic  Aneurism  difi"ers  entirely  from  the  diffused  in 
its  pathology  and  treatment,  inasmuch  as  it  possesses  a  distinct  sac.  There  are 
two  varieties  of  this  form  of  aneurism. 

1.  In  the  first  variety,  a  puncture  is  made  in  an  artery,  or  the  vessel  is 
ruptured  subcutaneously,  as  perhaps  in  the  reduction  of  an  old  dislocation  ; 
blood  is  extravasated  into  the  adjoining  tissues  ;  and,  if  there  be  an  external 
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aperture,  this  cicatrizes.  The  blood  that  is  extravasated  becomes  surrounded 
and  limited  by  inflammatoiy  exudation.  This  may  be  followed  by  the  gradual 
development  of  fibrous  tissue,  as  in  the  process  of  the  formation  of  a  scar. 
There  is  thus  formed  a  distinct  fibrous  sac,  the  tissue  of  which,  although  suffi- 
ciently firm  to  prevent  any  diffusion  of  the  blood,  is  not  strong  enough  to 
resist  the  distending  force  of  the  heart ;  it  consequently  slowly  yields,  and  the 
tumour  increases  in  size.  The  yielding  of  the  sac  is  not  a  process  of  simple 
stretching,  for  it  does  not  become  proportionally  thinner  as  it  increases  in  size  ; 
it  is  accompanied  by  a  constant  growth  of  new  fibrous  tissue.  As  the  aneurism 
increases,  however,  and  produces  more  and  more  in-itation  by  its  pressure,  and 
consequent  inflammation  of  the  surrounding  parts,  the  growth  of  the  fibrous 
tissue  is  less  perfect,  and  finally  becoming  too  soft  to  withstand  the  pressure  of 
the  blood,  the  sac  may  rupture  and  the  aneurism  become  diffused.  The  sac  is 
externally  adherent  to  the  surrounding  parts,  internally  it  is  soon  lined  by 
layers  of  fibrine  deposited  from  the  blood  that  passes  through  it.  This 
tumour,  usually  of  moderate  size,  and  of  tolerably  firm  consistence,  pulsates 
synchronously  with  the  beat  of  the  heart,  and  has  a  distinct  bruit,  both  of 
which  cease  when  the  artery  leading  to  it  is  compressed.  This  form  of  cir- 
cumscribed traumatic  aneurism  most  commonly  occurs  from  punctured  wounds 
of  small  arteries,  as  the  temporal,  plantar,  jDalmar,  radial,  and  ulnar. 

The  Treatment  to  be  adopted  depends  upon  the  size  and  situation  of  the 

artery  with  which  the  tumour  is  connected.  If 
the  artery  be  small,  and  so  situated  that  it  can  be 
opened  without  much  subsequent  inconvenience  to 
the  patient,  as  on  the  temple  or  in  the  fore-arm,  it 
should  be  laid  open,  the  coagula  turned  out,  and 
the  vessel  ligatured  above  and  below  the  wound  in 
it.  If  the  tumour  be  so  situated,  as  in  the  palm, 
that  it  would  be  difficult  and  hazardous  to  the  in- 
tegrity of  the  patient's  hand  to  lay  it  open,  the 
Hunterian  operation  for  aneurism  should  be  per- 
formed, as  was  successfully  done  in  a  case  (Fig.  IGi) 
in  which  the  brachial  was  ligatured  for  an  aneurism 
of  this  kind  in  the  ball  of  the  thumb,  following 
serious  injury  to  the  hand  from  a  powder-flask  ex''- 
plosion.  When  it  is  connected  with  the  supei-ficial 
palmar  arch  I  have,  however,  successfully  adopted 
the  old  operation  of  laying  the  tumour  open, 
taking  out^  coagula,  and  ligatm-ing  the  artery  at 
the  seat  of  injury. 

It  is  but  rarely  that  this  form  of  traumatic  aneurism  is  connected  with  a 
large  arteiy ;  when  it  is,  the  vessel  may  be  ligatured  above,  but  close  to  the 
sac,  in  the  same  way  as  in  the  next  variety.  If  this  form  of  traumatic  aneurism 
have  increased  greatly  in  bulk,  so  that  the  skin  becomes  thin  and  discoloured, 
or  if  inflammation  ensue,  and  symptoms  of  impending  suppuration  take  place 
around  it,  then  it  would  be  useless  to  ligature  the  artery  above  the  tumour,  as 
this  would  certainly  give  way,  and  secondary  htemorrhage  follow.  Here  the 
proper  com-se  is  to  lay  open  the  sac,  turn  out  the  contents,  and  tie  the  artery 
above  and  below  the  part  tliat  is  wounded. 

2.  The  next  form  of  circumscribed  traumatic  aneurism  is  of  rare  occmTence, 


Fig.  164.  —  Circimiscribed  Trau- 
matic Aneurism  in  BaU  of 
Tliuiiib  alter  a,  Powder-flask 
Explosion. 
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and  arises  usually  from  a  small  puncture  in  a  large  artery,  as  the  axillary  or 
the  carotid.  The  vessel  bleeds  freely  ;  but,  the  hemorrhage  being  arrested  by 
pressure,  the  external  wound  and  that  in  the  artery  close.  The  cicatrix  in  the 
artery  gradually  yields,  forming,  at  the  end  of  weeks  or  months,  a  tumour 
Avhich  enlarges,  dilates,  and  pidsates  eccentrically,  with  distinct  bruit,  having 
all  the  symptoms  that  characterize  an  aneurism  from  disease,  and  having  a  sac 
continuous  with  the  outer  coat  and  sheath  of  the  vessel.  It  is  at  first  soft  and 
compressible  on  being  squeezed,  but  becomes  harder  and  firmer,  and  cannot  be 
so  lessened  after  a  time.  It  consists  of  a  distinct  circumscribed  sac,  formed 
by  the  yielding  of  the  cicatrix  in  the  external  coat  and  sheath  of  the  artery,  no 
blood  being  effused  into  the  surrounding  tissues. 

The  Treatment  will  vary  according  to  the  size  of  the  tumour.  If  this  be 
small  or  but  moderate  in  size,  it  consists  in  the  ligature  or  compression  of  the 
artery  leading  to  the  sac,  in  accordance  with  the  principles  that  guide  us  in 
the  treatment  of  aneurism  from  disease  ;  though,  from  the  healthy  state  of  the 
coats  of  the  vessel,  the  artery  may  be  ligatured  as  near  as  possible  to  the  sac. 

As  there  is  a  distinct  cyst  or  sac  in  these  circumscribed  aneurisms,  the 
changes  that  will  be  described  in  the  chapter  on  the  Treatment  of  Aneurisms 
in  general  take  place  ;  the  tumour  gradually  becoming  consolidated,  and 
eventually  absorbed.  Should,  however,  the  aneurism  have  attained  an  enor- 
mous magnitude,  or  should  it,  from  being  circumscribed,  have  become  diffused 
by  the  rupture  of  the  sac,  then  the  tumour  must  be  laid  freely  open,  the 
coagula  turned  out,  and  the  artery  ligatured  as  in  the  ordinary  diffused 
aneurism. 

AETEKIO-VENOUS  WOUNDS. 

A  wound  in  an  artery  may  communicate  with  a  corresponding  one  in  a 
contiguous  vein,  giving  rise  to  two  distinct  forms  of  disease — Aneurismal 
Varix  and  Varicose  Amurism.  These  preternatural  communications,  which 
were  first  noticed  and  accurately  described  by  W.  Hunter,  were  common 
formerly  at  the  bend  of  the  arm,  as  a  consequence  of  the  puncture  of  the 
brachial  artery  in  bleeding  ;  but  they  have  been  met  with  in  every  part  of  the 
body  in  which  an  artery  and  vein  lie  in  close  juxtaposition,  having  been  found 
occurring  as  a  consequence  of  wounds  of  the  subclavian,  radial,  carotid,  temporal, 
iliac,  femoral,  popliteal,  and  tibial  arteries.  The  two  forms  of  disease  to  which 
the  preternatural  communication  between  arteries  and  veins  gives  rise,  differ 
so  completely  in  their  nature,  symptoms,  effects,  and  treatment,  that  separate 
consideration  of  each  is  required. 

Aneueismal  Varix  results  when,  a  contiguous  artery  and  vein  having  been 
perforated,  adhesion  takes  place  between  the  two  vessels  at  the  scat  of  injury, 
the  communication  between  them  continuing  pervious,  and  a  jDortion  of  the 
arterial  blood  being  projected  directly  into  the  vein  at  each  beat  of  the  pulse. 
Opposite  to  the  aperture  of  communication  between  the  two  vessels,  which  is 
always  rounded  and  smooth,  the  vein  will  be  found  to  be  dilated  into  a 
fusiform  pouch,  with  thickened  coats.  The  veins  of  the  part  generally  are 
considerably  enlarged,  somewhat  nodulated,  tortuous,  and  thickened.  The 
artery  above  the  wound  is  dilated  ;  below,  it  is  usually  somewhat  contracted. 
These  pathological  conditions  are  evidently  due  to  a  certain  quantity  of  the 
arterial  blood  finding  its  way  into  the  vein,  distending  and  irritating  it 
by  its  pressure,  and  less  consequently  being  conveyed  by  the  lower  portion  of 
the  artery. 

vol..  I.  GO 
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The  Symptoms  consist  of  a  tumour  at  the  scat  of  injury,  which  can  be 
emptied  by  pressure  upon  the  artery  leading  to  it,  or  by  compressing  its  walls. 
If  subcutaneous,  this  tumour  is  of  a  blue  or  purple  colour,  of  an  oblong  shape, 
and  \d\\  be  seen  to  receive  the  dilated  and  tortuous  veins.  It  will  l)e  found 
to  pulsate  distinctly  with  a  tremulous  jarring  motion,  rather  than  a  distinct 
impulse.  Auscultation  detects  in  it  a  loud  and  blowing,  whiifing,  rasping,  or 
hissing  sound,  usually  of  a  peculiarly  harsh  character.  This  sound  has  very 
aptly  been  compared  by  Porter  to  the  noise  made  by  a  fly  in  a  paper-bag,  and 
by  Listen  to  the  sound  of  distant,  and  complicated  machinery.  The  thrill  and 
sound  are  more  distinct  in  the  upper  than  in  the  lower  part  of  the  limb,  and 
are  most  perceptible  if  the  limb  be  allowed  to  hang  down  so  as  to  become  con- 
gested. Besides  these  local  symptoms,  there  is  "usually  some  muscular  weak- 
ness, together  with  diminution  in  the  temperature  of  the  part  supplied  by  the 
injured  artery. 

Treatment. — As  this  condition,  when  once  established,  is  stationary,  all 
operative  interference  should  be  avoided,  an  elastic  bandage  merely  being 
applied.  Should  a  case  occur  in  which  more  than  this  is  required,  the  artery 
must  be  cut  down  upon  and  ligatured  on  each  side  of  the  wound  in  it. 
Hohnes  suggests  that  in  aneurismal  varbc  a  cure  might  possibly  be  obtained 
by  pressure  directed  solely  to  the  orifice  in  the  vein. 

Varicose  Aneurism. — In  this  case  the  openings  in  the  artery  and  vein  do 


Fig.  1G5.— A  Varicose  Aneurism  <at  the  Bend  of  tlie  Arm  iiuoiiened. 


not  directly  communicate  (see  Figs.  165  and  16G),  but  an  aneurismal  sac  is 
formed  between  the  two  vessels,  into  which  the  blood  is  poured  before  passing 
into  the  vein. 

The  Pathological  Condition  of  this  form  of  injury  consists  in  the  forma- 


Fig.  166. — The  same  Varicose  Aneurism  removed  from  its  connexii 


tion  of  a  circumscribed  traumatic  aneurism,  comtnunicating  on  one  side  with 
the  artery,  and  on  the  other  with  the  vein,  which  is  always  in  a  state  of  varix. 
A  varicose  aneurism  is,  in  fact,  a  circumscribed  traumatic  aneurism  plus  an 
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anciirismal  varix.  This  condition  is  Avell  represented  in  the  annexed  cnts, 
from  drawings  of  Sir  C.  Bell's,  in  the  musenm  of  University  College,  represent- 
ing a  varicose  ancnrism  before  and  after  it  had  been  opened  (Figs.  H)5  to  ICS). 
In  this  case  there  appears  to  have  been  a  high  division  of  the  brachial,  and  a 
comnumicating  branch  below  the  wonnd,  between  the  radial  and  ulnar  ;  in 
consequence  of  which,  as  Mr.  8haw  informs  me,  the  tumour  pulsated  as 
forcibly  after  the  artery  had  been  tied  as  before,  the  blood  finding  its  way 


Fig.  167. — The  same  Tuiiiom-  laid  open,  showing  tlie  Ciicuiiiscribed  False  Aueui  isiii  between 

tlie  two  Vessels. 


back  through  the  aneurism  into  the  veins.  Gangrene  of  the  hand  and  arm 
followed. 

Symptoms. — In  the  symptoms  of  varicose  aneurism,  we  have  a  combination 
of  the  characters  of  aneurismal  varix  and  of  the  circumscribed  traumatic 
aneurism  ;  there  is  a  pulsating  tumour,  at  first  soft  and  compressible,  but, 


Fig.  ICS. — The  opened  TmuoiU'  removed  from  its  Connexions. 


after  a  time,  assuming  a  more  solid  consistence,  in  consequence  of  the  deposition 
of  fibrin  v^ithin  it  :  superficial  to  this  tumour,  the  vein  that  has  been  punctured 
is  dilated  into  a  fusiform  pouch,  presenting  the  ordinary  characters  of  varix. 
The  sounds  heard  in  these  tumours  are  of  two  distinct  kinds  :  there  is  the 
peculiar  buzzing  thrill  that  always  exists  where  there  is  a  preternatural  com- 
munication between  an  artery  and  AX'in  ;  besides  this  there  is  a  blowing  or 
bellows  sound,  dependent  on  the  aneurism.  These  signs  are  most  perceptible 
when  the  hmb  is  in  a  dependent  position  ;  and  the  sounds  can  often  be  heard 
in  the  veins  at  a  considerable  distance  from  the  seat  of  injiuy.  There  is 
also  some  impairment  in  the  nutrition  and  temperature  of  the  parts  supplied 
by  the  injured  vessels.  As  the  disease  advances,  the  aneurismal  tumour  lying 
between  the  artery  and  vein  continues  to  increase  in  size,  and  to  become 
*  hardened  by  the  deposition  of  laminated  fibriiie.    If  left  to  itself,  it  would 
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probably  continue  to  enlarge  until  sloughing  of  the  integuments  covering  it 
occurred,  followed  by  hemorrhage.  In  some  cases,  the  aperture  of  communi- 
tion  between  the  vein  and  sac  becomes  closed,  and  the  tumour  is  converted  into 
a  simple  circumscribed  traumatic  aneurism. 

Treatment. — The  treatment  of  this  disease  must  be  conducted  on  different 
princi[)les  from  those  that  have  been  laid  down  as  required  in  the  ordinary  cir- 
cumscribed traumatic  aneurism  ;  the  differeiice  depending  upon  the  fact,  that 
in  the  varicose  aneurism  there  is  always  a  double  aperture  in  the  sac,  and  that 
thus  the  proper  deposition  of  laminated  fibrin  necessary  for  its  occlusion  can- 
not take  place.  The  sac  of  such  an  aneurism  may  be  compared  to  one  that  has 
been  ruptured,  or  accidentally  opened,  in  which  we  could  consequently  not 
expect  the  occurrence  of  those  changes  that  are  necessary  for  the  cure  of 
aneurism  by  the  Hunterian  operation. 

In  a  varicose  aneurism,  consequently,  the  sac  must  ])e  freely  incised,  and 
the  artery  tied  on  each  side  of  the  puncture  in  it.  This  procedure  may,  unless 
the  Surgeon  be  careful,  and  properly  understand  the  pathology  of  this  disease, 
be  attended  by  some  difficulty  (Fig.  Kw).  The  operation  will,  however,  be 
greatly  simplified  by  exsanguinating  the  limb  by  means  of  the  elastic  roller 
and  the  tourniquet.  If  this  device  be  adopted,  the  Surgeon  will  be  a]:)le 
to  see  clearly  what  he  is  about.  After  the  first  incision  has  been  made  through 
the  integuments,  the  dilated  vein  will  be  laid  open,  and  an  aperture  will  be  seen 
at  the  bottom  of  the  vessel,  fi-om  which  arterial  blood  may  be  made  to  issue 
by  relaxing  the  tourniquet.  If  an  attempt  be  made  to  find  the  artery  iimiiedi- 
diately  below  this  aperture,  the  Sm'geon  will  be  disappointed,  for  the  sac  of 
the  circumscribed  aneurism  intervenes  between  the  two  vessels.  That  this 
aperture  leads  into  the  sac,  and  not  into  the  artery,  may  readily  be  ascertained 
by  introducing  a  probe  into  it,  which  will  be  seen  to  be  capable  of  being 
can-ied  sideways,  as  well  as  upwards  and  dowmwards,  to  a  considerable  extent, 
and  in  different  directions  altogether  out  of  the  course  of  the  artery.  In  order 
to  expose  this  vessel  properly,  a  probe-pointed  bistoury  must  be  introduced 
into  this  opening,  and  the  sac  of  the  false  aneurism  slit  uj)  to  its  full  extent, 
the  coagula  turned  out,  and  the  puncture  in  the  artery  sought  for  in  the  bottom 
of  the  cavity  that  has  been  exposed  ;  this  may  now  readily  be  made  visible  by 
the  escape  of  a  jet  of  arterial  blood  on  relaxing  the  pressure  on  the  upjDcr 
part  of  the  artery  ;  a  ligature  must  then  be  passed  above  and  below  the 
opening. 

Vanzetti  has  recorded  a  case  of  varicose  aneurism  of  the  brachial  artery 
cured  in  six  hours  by  digital  compression,  applied  simultaneously  to  the 
artery  above  the  tumour,  and  to  the  orifice  leading  from  the  sac  into  the  vein. 
Franzolini  cured  a  case  in  the  same  way,  after  sixty  days'  compression,  at 
irregular  intervals.  In  Fischer's  tables  are  twelve  cases  of  \-aricose  aneurism 
nine  of  which  were  cured  by  digital  compression.  In  at  least  four  of  these 
cures  it  was  applied  as  above  described.  It  seems  therefore  that  digital  pres- 
sure is  a  hopeful  mode  of  treating  such  cases. 
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VESSELS  OF  THE   HEAD   AND  NECK. 

Carotid  Artery.— Wounds  of  the  Carotid  Artery,  aud  of  its  primary 
and  secondary  divisions,  are  more  frequent  in  civil  practice  than  similar  injuries 
of  any  other  set  of  arteries  in  the  body,  in  consequence  of  the  neck  being 
frequently  the  scat  of  suicidal  attempts.  The  haemorrhage  from  wounds  of 
the  main  trunk  is  so  copious  as  often  to  be  immediately  fatal.  In  the  event 
of  a  Surgeon  being  at  hand,  both  ends  of  the  bleeding  vessel  must  be  at  once 
ligatured.  Should  the  jugular  vein  be  also  wounded  a  ligature  must  be 
applied,  if  possible,  by  pinching  up  the  wound  and  applying  the  thread  in 
such  a  way  as  not  to  completely  occlude  the  vessel.  Should  the  hsemorrhage, 
whether  primary  or  secondary,  proceed  from  a  deep  branch  of  the 
external  carotid,  as  the  internal  maxillary,  so  situated  as  not  to  admit  of 
the  vessel  being  exposed  and  ligatured  at  the  seat  of  wound,  the  ordinary 
rule  of  practice  of  tying  a  wounded  artery  at  the  seat  of  injmy  must  be 
departed  from,  and  the  main  trunk  be  tied  at  the  most  convenient  spot. 
Considerable  difference  of  opinion  has  existed  as  to  whether,  under  these 
circumstances,  it  is  better  to  tie  the  external  or  the  common  carotid.  Guthrie 
strongly  advocated  the  application  of  the  ligature  to  the  external  carotid,  but 
most  Surgeons  have  preferred  to  tie  the  common  trunk  above  the  omo-hyoid, 
fearing  that  the  application  of  a  ligature  amongst  the  numerous  branches  of 
the  external  carotid  would  be  followed  by  secondary  hfemorrhage.  The  results 
of  this  oiDcration,  howe\cr,  have  been  far  from  satisfactory  ;  not  only  have 
many  patients  died  directly  from  the  operation  itself,  but  in  a  very  large  pro- 
portion the  haemorrhage  for  which  it  was  performed  has  recurred  and  proved 
fatal.  Harrison  Cripps  has  collected  50  cases  of  ligature  of  the  common 
trunk  for  hfemorrhage,  28  of  which  terminated  fatally.  He  therefore  advo- 
cates a  return  to  Guthrie's  practice  of  applying  the  ligature  to  the  external 
carotid,  and  the  exact  point  he  recommends  is  between  the  superior  thyroid 
and  the  lingual.  This  operation  is  not  difficult  of  performance,  aud  seems  in 
itself  to  be  less  dangerous  than  the  deligation  of  the  main  trunk.  Madelung 
has  collected  the  records  of  GO  cases,  of  which  only  7  died.  There  seems 
every  reason  therefore  for  prefemng  it,  when  possible,  to  the  more  serious 
operation  of  tying  the  common  trunk. 

Internal  Carotid.— If  the  internal  carotid  is  wounded,  ligature  of  the 
common  carotid  gives  the  best  chance  of  recovery. 

In  consequence  of  the  speedy  fatality  of  the  wounds  of  the  carotid  artery 
and  its  branches,  Traumatic  Aneurisms  are  rarely  met  with  in  this  situation  ; 
they  do,  however,  occasionally  occui-,  and  the  I'ecords  of  surgery  contain  at 

*  A  full  description  of  the  operations  required  for  the  ligature  of  the  various  arteries  will  be  found  in 
Vol.  II.,  Chapters  XLllI.  and  XLIV. 
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least  six  instances  of  the  kind,  in  each  of  Avhich  the  common  carotid  was  tied, 
and  the  patient  nltimately  recovered. 

Aneurismal  Varix  in  the  Neck,  dependent  on  puncture  of  the  Internal 
Jugular  Vein  and  Carotid  Artery,  usually  the  result  of  s\\'ord-thrusts,  is 
apparently  of  more  frequent  occurrence  than  traumatic  aneurism  in  this  region  ; 
probably  owing  to  the  close  proximity  of  the  A'cin  rendering  it  difiicult  for  the 
artery  to  be  wounded  on  the  outer  or  anterior  sides,  without  first  perforating 
that  vessel.  The  symptoms  ofter  the  general  characteristics  of  aneurismal  varix, 
l)ut  have  several  points  that  are  Avorthy  of  special  remark.  The  wound  of  the 
A-essels  has  been  in  every  instance  followed  Ijy  the  efi'nsion  of  a  large  quantity 
of  blood  into  the  loose  areolar  tissue  of  the  neck  ;  the  extravasation  acquiring 
the  size  of  even  a  child's  head,  and  threatening  immediate  suflFocation.  As  this 
extravasation  subsided,  the  ordinary  characters  of  aneurismal  varix  began  to 
manifest  themselves.  The  period  at  which  these  symptoms  first  made  their 
appearance  varied  somewhat  in  the  different  cases,  but  they  always  occm-red 
within  four  or  five  days  of  the  receipt  of  the  injury.  In  none  of  the  cases  did 
the  disease  appear  to  shorten  hfe,  or  to  occasion  any  dangerous  or  inconvenient 
effects,  with  the  exception  of  some  difficulty  in  lying  on  the  affected  side,  and 
occasional  giddiness  or  noise  in  the  head  on  stooping.  No  operation  is 
permissil)le  in  these  affections. 

Varicose  Aneurism  is  very  rarely  met  with  in  this  situation.  There  is 
indeed  only  one  case  on  record.  It  was  situated  close  to  the  skull,  and  resulted 
from  a  bullet  wound. 

Tempoeal  Artery. — Traumatic  Aneurism  of  the  Temporal  Artery, 
and  of  its  branches,  occasionally  occurs  as  the  result  of  partial  division  of 
these  vessels  in  cuppiug  on  the  temple.  I  have  met  with  two  cases  of  this 
kind,  in  both  of  which  the  disease  was  readily  cured  by  laying  the  tumour 
open,  turning  out  its  contents,  and  tying  the  artery  on  each  side  of  it. 

Internal  Maxillary. — This  artery  is  occasionally  injured  and  wounded 
in  gun-shot  wounds.  If  the  haemorrhage  is  too  copious  to  be  restrained 
by  cold  or  styptics,  the  external  or  common  carotid  must  be  tied. 

Lingual  Artery. — This  vessel  is  occasionally  injured  in  gun-shot  wounds. 
If  the  Sm'geon  can  be  perfectly  certain  that  the  blood  is  coming  fi"om  the 
lingual,  he  may  tie  that  vessel  above  the  hyoid  bone  (See  Diseases  of  the 
Tongue)  ;  otherwise  it  is  better  to  ligature  the  external  or  common  carotid. 

Vertebral  Artery. — Wounds  of  the  Vertebral  Artery  occasionally 
occur  as  the  result  of  stabs  in  the  neck  ;  and  several  cases  of  traumatic  aneurism 
in  this  situation  have  been  recorded.  In  these  wounds  there  is  a  danger  of 
mistaking  the  source  of  the  haemorrhage,  as  pressure  on  the  carotid,  if  made 
below  the  transverse  process  of  the  sixth  cerAlcal  vertebra,  arrests  the  flow  of 
blood  in  the  vertebral  as  well,  which,  up  to  this  point,  lies  immediately  beneath 
it.  This  transverse  process  is  at  least  two  inches  above  the  clavicle,  and  lies 
much  higher  than  one  is  apt  to  think.  There  are  no  less  than  eleven  cases  on 
record,  in  which  the  carotid  has  been  tied  for  a  wound  of  the  vertebral,  in  con- 
sequence of  this  mistake.  When  the  wound  of  the  artery  is  situated  between 
two  transverse  processes,  hgature  is  almost  impossible,  and  the  Surgeon  will 
be  obliged  to  trust  to  plugging  the  wound,  and  to  the  use  of  styptics.  The 
recorded  cases  of  this  injury  are  fully  reviewed  by  Holmes  in  his  lectures  on 
the  Surgical  Treatment  of  Aneurism. 
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Internal  MAJorAUV.— Wounds  of  this  artery  rarely  come  under  treatment, 
as  its  course  lies  chiefly  in  front  of  the  heart  and  i^-reat  vessels,  so  that  pene- 
trating wounds  implicating-  it  are  usually  immediately  fatal  from  injury  to  the 
parts  beneath.  The  treatment,  in  case  the  patient  escapes  fatal  injuries  to 
deeper  parts,  is  to  tie  the  artery  at  the  wounded  spot,  if  necessary  removino-  a 
costal  cartilage  in  order  to  expose  it.  No  other  treatment  is  likely  to  arrest 
the  bleeding,  because  of  the  free  anastomoses  with  the  intercostals. 

Intercostal  Arteries.— These  are  rarely  wounded  except  in  gunsliot- 
fractures  or  stabs  fracturing  a  rib.  The  haemorrhage  is  seldom  severe  ;  but 
should  it  require  treatment,  the  lower  border  of  the  rib  corresponding  to  the 
artery  must  be  exposed  by  a  free  incision.  On  removing  the  fragments  the 
bleeding  artery  may  come  into  view,  and  can  be  twisted  or  tied  ;  or  it  may  be 
turned  out  of  its  gi*oo"\-e  by  means  of  a  periosteal  elevator,  and  sufficiently 
exposed  to  be  tied.  If  necessary,  a  piece  of  rib  may  be  removed  to  expose  the 
vessel  more  fully.  As  a  temporary  means  of  arresting  htemorrhage,  pressure 
may  be  applied  in  the  following  way.  A  piece  of  linen  is  to  be  pushed 
through  the  wound  into  the  pleural  cavity,  so  as  to  form  a  pocket  inside  ;  a 
sufficient  quantity  of  lint  or  tow  is  pushed  into  the  pocket  to  make  it  too  large 
to  pass  out  by  the  intercostal  space ;  it  is  then  forcibly  pulled  upon  by  the 
part  of  the  linen  outside  the  chest-walls,  and  secured  in  position  by  a  couple 
of  pins  pushed  across  the  neck  on  a  level  with  the  skin. 

VESSELS   OF  THE  UPPER  LIMB 

Subclavian  Artery. — A  Wound  of  the  Subclavian  Artery  may  be 

looked  upon  as  almost  invariably  fatal  ;  though,  in  consequence  of  the 
manner  in  which  the  vessel  is  protected  by  the  clavicle,  this  injury  can 
scarcely  occur  except  from  gun-shot-violence  or  stabs.  From  the  rapidly 
fatal  nature  of  wounds  of  the  subclavian  artery,  Traumatic  Aneurisms  in 
this  situation  are  not  met  with  ;  but  where  the  artery  passes  into  the  axilla 
below  the  margin  of  the  first  rib,  they  are  not  unfrequent. 

Aneurismal  Varix,  resulting  from  wound  of  the  Subclavian  Artery  and 
Vein,  has  been  seen,  notwithstanding  the  separation  that  exists  between  the 
two  vessels  throughout  their  whole  extent.     These  injuries  have  likewise 
usually  been  the  result  of  sword-thrusts,  and  do  not  admit  of  any  surgical 
interference. 

Axillary  Artery. — In  Open  Wounds  of  the  Axillary  Artery  and  of 

its  Branches,  the  rule  of  practice  consists  in  cutting  down  upon  the  bleeding 
vessel  and  ligaturing  it  on  each  side  of  the  wound.  It  must  be  borne  in  mind 
that,  the  arterial  branches  gi\  en  off  between  the  lower  edge  of  the  first  rib  and 
the  fold  of  the  axilla  being  very  numerous,  a  punctured  wound  of  the  axilla  or 
side  of  the  chest  may  injure  one  of  these  vessels  ;  though  from  its  course,  and 
the  free  flow  of  arterial  blood  that  has  followed  the  stab,  it  may  be  supposed  that 
the  axillary  arteiy  itself  has  been  punctured.  The  particular  vessel  injured  can 
be  ascertained  only  by  following  up  the  wound,  and  ligaturing  the  artery  that 
furnishes  the  blood  ;  and  in  order  to  do  this  successfully  it  may  sometimes  be 
necessary  to  divide  the  pectoralis  major  and  minor  across  the  hue  of  their 
fibres. 
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In  some  cases,  however,  the  state  of  the  parts  may  be  such,  that  it  may  be 
impossible  to  trace  the  artery  at  the  depth  at  which  it  is  situated,  or  even  to 
expose  it  in  a  more  superficial  situation,  as  in  the  stump  after  amputation  at 
the  shoulder- joint.  In  these  circumstances,  the  rule  of  ligaturing  an  artery  at 
the  seat  of  injury  may  be  departed  from,  and  the  main  trunk  should  be  tied 
either  above  or  below  the  clavicle  ;  and  the  success  of  this  operation  has  been 
sufficient  to  justify  our  having  recourse  to  it,  rather  than  exhaust  the  patient  by 
any  prolonged  attempts  at  the  ligature  of  the  vessel  in  the  open  wound,  though 
I  think  that  this  ought  first  to  be  attempted.  Of  15  cases  in  which  the  artery 
was  ligatured  either  above  or  below  the  clavicle,  for  haemorrhage  from  wounds 
in  the  axilla  or  from  stumps,  I  find  that  9  were  cured  and  G  died.  Although 
the  suceess  is  about  equal  in  whichever  situation  the  vessel  be  tied,  I  should 
certainly  give  the  preference  to  the  supraclavicular  operation,  owing  to  the 
greater  facility  of  its  performance,  and  the  comparative  absence  of  collateral 
branches  at  the  seat  of  ligature.  In  some  cases,  however,  especially  after 
amputations  at  the  shoulder,  the  clavicle  is  pushed  up  at  its  acromial  end,  and 
then  the  artery  might  be  best  reached  below  the  clavicle,  under  or  through 
the  pectoral  muscles. 

Traumatic  Aneurism  in  the  Axilla  is  not  of  unfrequent  occurrence, 
arising  from  gun-shot-wounds,  or  from  the  thrust  of  a  knife,  sabre,  or 
other  pointed  weapon.  In  some  cases  the  injury  arises  from  a  subcutaneous 
rupture  of  the  vessel,  the  patient  stretching  out  and  straining  his  arm  in  an 
attempt  to  save  himself  from  falling,  and  feeling  a  sudden  snap  in  the  axilla, 
which  is  followed  rapidly  by  the  formation  of  a  diffused  aneurism. 

There  are  several  cases  on  record  in  wliich  axillary  aneurism  has  resulted 
from  violent  attempts  made  by  Surgeons  in  the  reduction  of  old-standing 
dislocations  of  the  head  of  the  humerus.  Thus  Pelletan  mentions  a  case  of 
this  kind,  in  which  the  tumour,  being  supposed  to  be  emphysematous,  was 
opened,  and  the  patient  perished  of  hgemorrhage.  Warren  relates  a  case  of 
diffused  axillary  aneurism  resulting  from  rupture  of  the  artery,  in  consequence 
of  the  Surgeon  attempting  to  reduce  a  dislocation  of  the  humerus  by  using 
his  foot  as  a  fulcrum  in  the  axilla,  but  without  taking  oif  his  boot.  Gibson 
has  related  three  cases  of  axillary  aneurism  following  rupture  of  the  artery,  in 
the  attempt  to  reduce  old-standing  dislocations  with  the  pulleys.  These  cases 
are  of  much  interest  to  the  Surgeon,  as  showing  the  necessity  for  great 
caution  in  the  use  of  powerful  extending  force  in  the  reduction  of  old  dis- 
locations, adhesions  having  possibly  formed  between  the  artery  and  head  of 
the  bone. 

In  those  cases  of  diffused  traumatic  aneurism  of  the  axilla  that  arise  from 
subcutaneous  rupture  or  laceration  of  the  artery,  the  condition  of  parts  is 
essentially  the  same  as  in  the  vcase  of  an  open  wound  of  the  vessel,  with  the 
exception  of  the  absence  of  any  external  aperture  in  the  integuments.  In  these 
cases  a  tumour  of  considerable  size,  hard  or  fluctuating,  according  to  the  state 
of  coagulation  of  its  contents,  forms  with  more  or  less  rapidity.  If  it  have 
formed  very  quickly,  the  artery  being  torn  across,  and  the  blood  coagulating  as 
it  is  effused,  it  will  not  present  the  ordinary  aueurismal  signs,  but  may  merely 
resemble  an  ordinary  extravasation  ;  from,  this,  however,  it  may  be  distin- 
guished by  the  loss  of  the  pulse  at  the  wrist,  and  by  the  oedema  of  the  arm. 
If  it  form  slowly,  the  blood  continuing  fluid,  there  will  be  the  usual  signs  of 
aneurism,  such  as  thrill,  and  pulsation.    In  all  these  cases,  there  is  much 
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cedema  of  the  arm,  with  a  tendency  to  inflammation,  suppm-ation,  and  slougli- 
ing  of  the  tumour  and  the  parts  amongst  which  it  hes,  with  perhaps  gangrene 
of  the  Hmb  itself. 

Some  of  these  traumatic  axillary  aneurisms  have  a  tendency  to  diffuse  them- 
selves with  great  rapidity,  filling  up  the  whole  of  the  hollow  of  the  armpit,  ex- 
tending under  the  pectoral  muscles,  and  even  up  around  the  shoulder.  In  other 
cases  again,  when  more  circumscribed,  the  disease  may  get  well  spontaneously, 
as  happened  in  cases  recorded  by  Van  Swieten,  Sabatier,  and  Hodgson.  In 
other  instances  again,  the  disease  has  remained  stationary  for  years,  or  has 
undergone  consolidation  under  medical  treatment.  It  cannot,  however,  be 
considered  sound  practice  to  leave  a  traumatic  aneurism  of  this  artery  without 
surgical  interference,  after  the  ordinary  dietetic  and  hygienic  plans  of  treat- 
ment have  failed  in  effecting  a  cure,  for  it  may  at  any  time  l)ecome  rapidly 
diflFuscd,  or  inflame  and  suppurate. 

The  Treatment  of  traumatic  axillary  anem-ism  must  depend  on  the  question 
whether  it  be  diffused  or  circumscribed. 

When  a  dijfased  traumatic  aneurism  of  recent  origin,  rapid  formation,  and 
dependent  upon  puncture  of  the  arteiy,  is  met  with  in  the  axilla,  the  treatment 
.must  be  conducted  in  the  same  way  as  that  of  a  wounded  artery,  without  extra- 
vasation, in  this  situation.  As  Guthrie  very  justly  observes,  it  can  make  no 
difference  whether  the  puncture  in  the  skin  has  healed  or  not — the  condition 
of  the  artery  must  be  the  same.  The  tumour  should  be  laid  open,  the  coagula 
turned  out,  the  artery  sought  for,  and  ligatured  where  wounded.  There  is, 
hoAvever,  danger  after  this  operation,  either  of  secondary  hemorrhage  coming 
on  from  the  seat  of  wound,  by  blood  conveyed  through  the  collateral  vessels 
which  open  into  the  subscapular  and  circumflex  arteries  ;  or  else  of  the  limb 
falling  into  a  state  of  gangrene.  In  either  case,  amputation  at  the  shoulder 
and  through  the  aneurismal  extravasation  is  the  only  practice  that  holds  out  a 
chance  of  life  to  the  patient. 

In  diffused  traumatic  aneurism  of  the  axilla  from  subcutaneous  rupture  or 
laceration  of  the  axillary  artery,  the  choice  would  lie  between  treating  the 
injuiy  by  direct  incision,  and  ligaturing  the  vessel  above  the  clavicle.  The 
ligature  of  tlie  vessel  above  the  clavicle  has  been  done  three  times,  with  only 
one  recovery,  two  of  the  patients  dying  of  gangrene  and  secondary  haemorrhage. 
In  the  successful  case,  secondary  haemorrhage  had  occurred  ;  and  gangrene  of 
the  arm,  which  threatened,  was  prevented,  and  the  patient  saved,  by  amputa- 
tion at  the  shoulder-joint.  The  result,  therefore,  of  ligature  is  so  little  promis- 
ing, that  few  Surgeons  would  be  disposed,  in  the  fiace  of  these  facts,  to  repeat 
this  operation. 

The  only  other  alternative  consists  of  treating  the  ruptured  artery  on  the 
same  principle  as  a  wounded  one,  disregarding  the  accidental  complication  of 
the  subcutaneous  accumulation  of  a  few  ounces  of  blood.  This  undoubtedly 
is  the  proper  surgical  principle  on  which  to  act  in  these  cases.  Its  adoption 
has  been  strongly  urged  by  Guthrie,  and  its  advantage  has  been  demonstrated 
by  the  success  attending  it  in  several  cases  in  which  it  has  been  adopted  by 
Paget,  Syme,  and  others.  The  operation  consists  in  compressing  the  sub- 
clavian above  the  clavicle,  either  by  the  pressure  of  the  finger  from  the  surface, 
or,  as  was  done  by  Syme  in  his  case,  by  previously  making  an  incision  over  it, 
through  which  it  could  be  more  readily  commanded  ;  then  laying  the  tumour 
open  by  a  free  incision  through  the  anterior  fold  of  the  axilla  and  the  pectoral 
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muscles,  turning  out  the  coagula,  and  seeking  for  and  ligaturing  both  ends  of 
the  artery  ;  for  it  must  be  remembered,  that  the  distal  extremity  of  the  torn 
vessel  will  probably  bleed  freely,  owing  to  the  open  anastomoses  round  the 
shoulder. 

Circumscribed  Traumatic  Aneurisms  of  the  Axillary  Artery  are  not 

uncommonly  of  slow  formation,  existing  for  several  months  or  years  before 
they  require  operation,  although  resulting  from  punctured  wound  of  the  arm- 
pit. In  chronic  cases  of  this  kind,  the  aneurism  is  necessarily  provided  with 
a  firm  and  distinct  sac,  and  approaches  closely  in  its  characters  to  the  patho- 
logical form  of  the  disease. 

The  Treatment  here  cannot  be  conducted  on  the  principles  that  guide  us 
in  the  management  of  a  wound,  or  of  a  diffused  aneurism  of  recent  occurrence 
of  this  artery  ;  for  not  only  is  the  circumscribed  anem-ism  provided  with 
a  sac,  but  the  vessel  at  the  point  injured  will  very  probably  l)e  found  to 
have  undergone  changes  that  render  it  litcle  able  to  bear  the  ajoplication 
of  the  hgature.  It  will  be  softened,  thickened,  and  lacerable,  with  perhaps 
a  wide  funnel-shaped  apertm-e  leading  into  the  sac,  which  will  be  closely 
incorporated  with  the  neighbouring  parts.  But,  indeed,  the  treatment  of  this 
form  of  circumscribed  traumatic  aneurism  by  the  hgature  of  the  artery  on  the 
proximal  side  of  the  sac,  has  been  found  to  be  attended  with  remarkable  suc- 
cess. In  eight  recorded  cases  in  which  this  operation  has  been  performed,  not 
one  fatal  result  has  been  noted.  In  all,  the  aneurism  arose  from  stabs  or  gun- 
shot-wounds, and  had  existed  for  various  periods,  between  two  weeks  and 
four  years.  In  four  of  the  cases  the  artery  was  ligatured  above,  and  in  four 
below  the  clavicle  :  and  in  one  case  of  each  category  there  was  suppuration  of 
the  sac. 

The  particular  point  at  Avhich  the  artery  should  be  ligatured  must  depend 
upon  the  condition  of  the  tumour.  If  this  be  of  large  size,  or  arise  from  the 
upper  part  of  the  axillary  artery  above  or  immediately  below  the  pectoralis 
minor  muscle,  there  is  no  choice  but  to  deligate  the  vessel  above  the  clavicle. 
Should,  however,  the  principal  increase  in  the  tumour  take  place  in  a  direction 
downwards  and  forwards  under  the  great  pectoral  muscle,  the  portion  of  the 
artery  immediately  below  the  clavicle  not  being  covered  by  the  sac,  the 
question  would  arise  as  to  whether  this  part  might  not  be  selected  for  the 
application  of  the  ligature  ;  and  as  the  results  of  both  operations  have  hitherto 
been  equally  favourable,  this  must  rather  be  determined  by  the  peculiarities  in 
each  case  than  on  more  general  grounds.  Most  Surgeons,  I  think,  would  gene- 
rally prefer  ligaturing  the  artery  above  the  clavicle,  as  being  a  simpler  proceed- 
ing than  tying  it  below  that  bone  ;  which,  moreover,  has  the  disadvantage  of 
bringing  the  scalpel  into  very  close  proximity  with  the  sac,  which,  were  it  to 
sti-etch  upwards  under  the  pectoralis  minor  to  a  greater  extent  than  could  be 
discernible  externally,  might  possibly  be  opened  by  the  Imife,  as  has  happened 
in  operating  even  above  the  clavicle. 

Compression  of  the  artery  on  the  distal  side  of  the  tumour  succeeded  in 
curing  the  disease  in  a  case  that  was  under  Goldsmith  of  Vermont. 

Brachial  Artery. — The  hemorrhage  from  Wounds  of  the  Brachial 
Artery  may  sometimes  be  arrested  by  the  employment  of  methodical  compres- 
sion, but  usually  it  requires  the  ordinary  ligature  on  each  side  of  the  aperture. 

This  vessel  may  occasionally  be  punctured  in  venesection.  This  accident, 
which  was  formerly  of  frequent  occurrence  when  venesection  was  practised  by 
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professed  phlebotomists,  now  very  rarely  happens.  Should  a  Surgeon  be  so 
unfortunate  as  to  meet  with  this  accident,  the  best  practice  is  to  cut  down 
upon  the  artery  at  once  and  apply  a  ligature  above  and  below  the  wound,  and 
at  the  same  time  to  tie  the  wounded  vein.  Should  he  not  have  at  hand  the 
means  of  doing  this,  he  may  perhaps  prevent  injurious  consequences  by 
keeping  np  a  proper  degree  of  pressure,  by  means  of  a  graduated  compress 
applied  immediately  on  the  occnrrence  of  the  accident.  With  this  view,  the 
hand,  and  fore-arm  having  been  very  carefully  padded  and  bandaged,  a  well- 
made  graduated  compress  should  be  firmly  applied  over  the  seat  of  puncture, 
and  retained  there  for  at  least  ten  days  or  a  fortnight.  Should  the  aperture  in 
the  artery  not  be  closed  in  this  way,  either  a  circumscribed  false  aneurism,  a 
varicose  aneurism,  or  an  aueurismal  varix  will  form,  according  to  the  relation 
of  the  puncture  in  the  artery  to  that  in  the  vein. 

In  the  Circumscribed  Traumatic  Aneurism  at  the  bend  of  the  arm, 
following  a  wound  of  the  brachial  artery,  we  have  the  usual  soft  or  semi-solid 
pulsating  tumour,  which  can  readily  be  emptied  by  pressure,  and  possesses 
more  or  less  bruit.  This  disease  may  be  treated  in  one  of  three  ways  :  1,  by 
compression  upon  or  above  the  tumour  ;  2,  by  ligaturing  the  artery  leading 
to  it  ;  or  3,  by  cutting  thi'ough  the  sac,  and  deligating  the  vessel  on  each  side 
of  the  aperture  in  it. 

The  compression  of  the  tumour  has  often  been  successfully  practised.  It 
may  be  done  by  means  of  a  graduated  compress  on  the  tumour,  and  the  appli- 
cation of  a  ring-tourniquet  over  the  artery :  the  tumour  becoming  consolidated, 
and  gradually  undergoing  absorption.  In  employing  compression  great  care 
must  be  taken,  however,  not  to  induce  sloughing  of  the  tissues  over  the  tumour 
by  sudden  and  too  forcible  pressure.  The  limb  should  be  carefully  bandaged 
and  maintained  in  the  semi-flexed  position.  Should  this  j)lan  not  succeed, 
we  must  be  guided  in  our  ulterior  measures  by  the  particular  conditions  of  the 
case.  If  the  tumour  be  of  recent  origin,  soft  and  compressible,  or,  though  of 
longer  duration,  large,  with  a  thin  sac,  and  in  danger  of  becoming  diffused,  it 
should  be  treated  by  direct  incision,  and  the  artery  be  deligated  on  each  side 
of  the  wound  in  it.  Should,  however,  the  tumour  be  small,  or  of  but  moderate 
size,  and  the  sac  be  tolerably  thick  and  firm,  so  as  to  admit  of  the  deposit  of 
laminated  fibrine,  we  may  treat  it  by  deligation  of  the  brachial  artery,  either 
in  the  middle  of  the  arm,  or,  as  Anel  did  with  success,  immediately  above  the 
tumour.  In  the  event,  however,  of  the  disease  not  being  cured  in  this  way, 
incision  of  the  sac  must  be  had  recourse  to,  as  I  have  known  to  be  necessary 
in  a  case  in  which  the  brachial  artery  was  tied  above  the  sac,  which  was 
large  and  thin — the  pulsations  returning  in  a  few  days,  and  the  tumour 
continuing  to  enlarge. 

Varicose  Aneurism,  at  the  bend  of  the  arm,  presents  the  ordinary  cha- 
racter of  the  disease.  Occasionally,  though  rarely,  it  would  appear  that  the 
aperture  of  communication  between  the  aneurismal  sac  and  the  vein  becomes 
closed,  and  thus  the  varicose  is  converted  into  the  (n-dinary  circumscribed 
traumatic  anem'ism. 

The  Treatment  of  this  affection  must  be  conducted  on  different  principles 
from  that  of  the  ordinary  circumscribed  variety  ;  for  whatever  be  the  density 
of  the  sac,  it  is  never,  as  has  already  been  explained  (p.  452),  a  perfect  one, 
having  always  an  opening  into  the  vein  which  would  prevent  its  proper 
closure  by  the  deposit  of  laminated  fibrine.    In  four  cases  related  by  Sabatier, 


460 


WOUNDS  OF  SPECIAL  BLOOD-VESSELS. 


which  were  treated  by  Anel's  operation,  amputation  became  necessary  in  two  ; 
and,  in  the  other  cases,  the  operation  by  incision  of  the  sac  was  required  before 
a  cure  could  be  effected.  The  sac  must  therefore  be  laid  open,  and  the  vessel 
tied  on  each  side  of  it  in  the  way  that  has  been  recommended  in  the  treat- 
ment of  varicose  aneurism,  and  with  the  caution  there  laid  down.  If  the 
varicose  aneurism  be  converted,  after  a  few  days,  into  the  circumscribed  form, 
the  aperture  into  the  vein  becoming  occluded,  ligature  of  the  artery  above  the 
sac  may  be  successfully  employed,  or  compression  may  succeed  in  curing  the 
disease. 

In  Aneurismal  Varix  of  the  arm,  a  roller  and  compress  are  all  that  can 
be  required. 

Vessels  of  the  Fore-arm  axd  Palm. — Wounds  of  the  arteries  of 

the  fore-arm  are  very  commonly  caused  by  pieces  of  glass  or  earthenware,  or 
by  knives.  In  every  case  the  bleeding  point  must  be  cut  down  upon,  and  both 
ends  of  the  vessel  tied.  This  rule  is  peculiarly  imperative  in  this  situation,  on 
account  of  the  freedom  of  the  anastomosis  through  the  palmar  arches.  In 
many  of  these  cases  the  bleeding  is  at  first  very  fi-ee,  but,  being  arrested  by 
pressure,  does  not  break  out  again  until  eight  or  ten  days  have  elapsed  ;  when, 
the  arm  being  much  infiltrated  with  blood,  inflamed,  and  swollen,  double  liga- 
ture of  the  vessel  at  the  seat  of  injury  has  to  be  practised  mider  somewhat 
difficult  and  unfavom*able  circumstances. 

Traumatic  Aneurism  of  the  Radial  and  Ulnar  Arteries  usually 
assumes  the  circumscribed  form,  owing  to  the  pressure  employed  at  the  time 
of  injury  confining  the  extravasation.  If  it  be  small  and  recent,  and  situated 
superficially  at  the  loAver  part  of  the  fore-arm,  or  if  it  be  in  any  way  diffused, 
the  bettei-  plan  is  to  cut  down  upon  and  through  the  tumour  at  once,  ligaturing 
the  vessel  on  each  side.  If,  however,  the  aneurism  be  deeply  seated  amongst 
the  mass  of  muscles  at  the  upper  part  of  the  fore- arm,  near  the  elbow- joint, 
the  wound  having  healed,  and  the  soft  parts  covering  it  being  healthy  and 
firm,  the  advice  given  by  Liston  appears  to  be  most  judicious  : — rather  than 
cutting  through  the  muscles  and  detaching  their  connections,  he  recommends 
that  the  aneurism  should  be  left  to  attain  some  consistence,  and  then  that  the 
brachial  artery  be  secured  in  the  mid-arm.  In  such  cases  as  these,  also, 
compression  of  the  l^rachial,  with  moderate  pressure  on  the  tumour  itself,  has 
effected  a  cure. 

In  a  case  of  traumatic  aneurism  of  the  lower  end  of  the  radial,  just  above  the  ' 
wrist,  that  recently  came  under  my  care,  the  aneurism  had  twice  been  laid  open  ; 
the  upper  end  of  the  radial  had  been  tied  ;  but  attempts  made  to  secure  the 
distal  end  of  the  artery  had  been  ineffectual,  the  result  being  a  return  of  the 
aneurism,  though  in  a  small  and  more  circumscribed  form.  This  I  cured  by 
the  application  of  pressure,  by  means  of  a  small  screw-tourniquet  attached 
to  a  splint,  to  the  radial  artery  where  it  lies  between  the  extensor  tendons  of 
the  thumb  ;  the  recurrent  aneurism  in  this  case  being  entirely  fed  by  blood 
brought  to  its  distal  side  through  the  deep  palmar  arch. 

Wounds  of  the  Palmar  Arches  not  unfrequently  occur  from  the  breaking 
of  glass  or  china  in  the  hand,  or  stabs  from  some  pointed  instrument,  and  are 
always  troublesome  to  manage.  If  the  Surgeon  sees  the  case  shortly  after  the 
infliction  of  the  wound,  he  may  endeavour,  by  enlarging  the  aperture  to  a 
moderate  extent,  and  with  due  attention  to  the  tendons  and  nerves  of  the 
part,  to  secure  the  bleeding  vessel.     If  it  be  the  superficial  arch  that  is 
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wounded,  no  difficulty  will  be  found  in  securing-  it ;  but  if  it  be  the  deep,  he 
will  very  likely  fail.  In  some  cases  the  artery  can  be  seized  in  a  pair  of 
forcipressnre  forceps,  which  may  be  left  in  the  wound  for  twenty-four  hours  and 
then  carefully  removed.  Under  any  circumstances,  no  effort  should  be  spared 
ro  secm-e  the  vessel  without  using  the  graduated  compress.  One  of  the  chief 
dangers  of  incisions  into  the  palm  of  the  hand  is  the  occurrence  of  septic 
suppuration,  extending  to  the  synovial  sheaths  of  the  flexor  tendons.  In  order 
ro  prevent  this,  it  is  very  important  that  such  wounds  should  be  treated  anti- 
septically,  thoroughly  well  drained,  and  preserved  ft-oni  every  source  of  irrita- 
rion.  A  graduated  compress  by  its  pressure  causes  considerable  irritation,  and 
interferes  seriously  with  di-ahiage.  Moreover,  if  a  compress  is  applied  with  suffi- 
cient force  to  stop  the  flow  of  blood  through  the  artery,  it  must  necessarily 
render  the  whole  area  it  presses  on  bloodless.  If,  therefore,  a  compress  be 
applied  efficiently,  and  kept  on,  as  is  sometimes  recommended,  for  three  or  four 
days,  it  must  inevitably  cause  gangrene  of  the  tissues  with  which  it  has  been 
in  contact  ;  or,  supposing  the  tissues  are  not  quite  dead,  acute  inflammation 
will  set  in  as  soon  as  the  blood  is  admitted  to  them.  This  has  but  too  often 
been  the  experience  of  Surgeons  after  the  use  of  the  compress  ;  when  it  has 
been  removed,  a  foul  sloughy  wound  has  been  brought  into  view,  with  diffuse 
inflammation  spreading  round  it.  Under  these  circumstances  the  artery  cannot 
be  safely  occluded,  and  secondary  haemorrhage  is  very  likely  to  occur. 

Still,  if  all  other  means  fail,  the  Surgeon  must  fall  back  on  the  graduated 
compress,  which,  if  well  and  firmly  applied,  wiU  often  succeed  in  arresting  the 
bleeding.  If  it  be  loosely  and  ineffectually  put  on,  it  will  be  worse  than  use- 
less. The  proper  mode  of  putting  on  this  compress  is  as  follows.  A  tourni- 
quet having  been  applied  on  the  brachial  artery,  the  wound  must  be  carefully 
cleared  of  all  foreign  bodies,  and  wiped  dry  ;  each  finger  is  then  to  be  sepa- 
rately and  carefully  bandaged.  A  wooden  splint  is  then  to  be  put  on  the  back 
of  the  hand  and  the  lower  part  of  the  fore-ann.  A  firm  well-made  graduated 
compress  is  now  to  be  placed  with  the  apex  downwards  on  the  wound,  so  as  to 
bring  and  press  the  edges  together,  and  securely  bandaged  against  it  by  a 
separate  bandage.  The  patient  should  then  be  put  to  bed  with  the  hand  ele- 
vated. At  the  end  of  eighteen  to  twenty- four  hours  the  bandage  may  be  carefully 
removed  without  disturbing  the  splint  or  the  compress,  and  re-applied  with  just 
sufficient  force  to  keep  the  compress  in  position  stickiug  to  the  wound  without 
pressing  strongly  enough  to  empty  tissues  beneath  of  blood.  It  is  sometimes 
recommended  that  the  circulation  through  the  limb  should  be  controlled  by  a 
ring-tourniquet,  applied  on  that  artery  above  the  wrist  which  appears  most  to 
correspond  with  the  arch  wounded,  or  better  still,  on  the  brachial  itself ;  or  the 
elbow  may  be  forcibly  flexed,  and  the  fore -arm  bandaged  to  the  arm  in  this 
position,  so  that  the  hand  rests  upon  the  shoulder.  These  precautions  are, 
however,  unnecessary,  if  the  compress  is  properly  applied  ;  but  they  may  with 
advantage  be  made  use  of  after  the  bandage  has  been  relaxed.  The  compress 
may  be  left  undisturbed  for  five  or  six  days,  unless  there  be  reduess,  swelling, 
and  pain,  indicating  the  formation  of  pus  beneath  it,  when  the  sooner 
it  is  taken  off  the  better.  Should  the  wound  be  found  healing  and  looking 
well,  there  need  be  no  fear  of  further  hsemorrhage  ;  but  should  the  palm  be 
sloughy  and  infiltrated,  there  will  be  a  considerable  risk  of  the  bleeding  recur- 
ring. Under  these  circumstances,  it  is  useless  again  to  resort  to  compression, 
and  other  means  must  be  employed. 
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Should  an  ineffectual  attempt  have  been  made  to  arrest  the  primaiy  htemor- 
rhage,  or  should  the  case  not  be  seen  until  several  days  have  elapsed,  Avhen 
secondary  liajmorrhage  has  occurred,  and  the  palm  has  become  infiltrated  and 
swollen,  pressure  can  no  longer  be  borne  upon  the  seat  of  injury,  and  it  is 
useless  to  endeavour  to  search  for  the  injured  vessel  in  the  midst  of  sloughy 
and  infiltrated  tissues,  through  a  narrow  wound  which  cannot  be  enlarged 
without  danger  of  seriously  injuring  the  hand.  In  these  circumstances,  it  is 
necessary  to  deviate  from  the  ordinary  rule  of  practice  in  wounded  arteries, 
and  the  Hunterian  operation  must  be  performed.  The  Burgeon  may  either  tie 
both  arteries  above  the  wrist,  or  at  once  deligate  the  brachial.  Both  methods 
of  treatment  have  their  advocates.  I  prefer  the  simultaneous  ligature  of  the 
two  arteries  of  the  fore-arm,  just  above  the  wrist,  where  they  are  superficial 
and  very  easily  reached.  In  several  cases  under  my  care,  the  radial  and  ulnar, 
immediately  above  the  hand,  have  been  tied  at  the  same  time  with  complete 
success,  and  I  have  never  seen  a  case  in  which  this  operation  has  failed  ;  but 
should  haemorrhage  occur  after  it,  as  might  happen  in  the  case  of  an  enlarged 
median  or  interosseous  artery,  the  Surgeon  must  have  recourse  to  compression 
or  ligature  of  the  brachial. 

Circumscribed  Traumatic  Aneurism  in  tlie  Palm  is  by  no  means 
of  frequent  occurrence.  It  may,  however,  follow  wounds  of  the  palmar  arches. 
In  such  a  case  as  this,  it  would  be  clearly  out  of  the  question  to  lay  open  the 
sac,  and  to  search  for  the  injured  vessel  in  the  midst  of  the  aponeurotic  and 
tendinous  structures  of  the  hand.  It  would  consequently  be  necessary,  either 
to  tie  the  radial  and  ulnar  arteries  immediately  above  the  wrist,  or  to  ligature 
the  brachial  in  the  middle  of  the  arm.  The  latter  plan  should  be  preferred ;  as, 
were  the  first  mode  of  treatment  put  into  practice,  the  sac  might  continue  to  be 
fed  by  the  interosseous  artery,  as  happened  in  a  case  of  Roux's,  in  which  the 
patient  died  of  hteniorrhage  fi-om  the  palmar  aneurism  after  ligature  of 
both  arteries  of  the  fore-arm.  In  the  case  represented  (Fig.  104)  Liston  suc- 
cessfully ligatured  the  brachial  in  the  mid-arm,  after  compression  upon  it  had 
failed  to  effect  a  cure. 

VESSELS  OP  THE  LOWER  LIMB. 

Gluteal  Artery. — Traumatic  Aneurisms  of  the  Gluteal  Artery  arc 

of  less  frequent  occurrence  than  might  d,  priori  have  been  imagined,  fi'om  the 
situation  of  the  vessel  exposing  it  to  injury.  These  aneurisms  may  acquire  an 
enormous  size.  In  John  Bell's  celebrated  case,  the  tumour  is  said  to  have  been 
of  "  prodigious  size,"  and  to  have  contained  eight  pounds  of  blood.  In  Syme's 
case  the  tumour  M^as  as  large  at  the  base  as  a  man's  head,  occupied  the  whole 
hip,  and  rose  into  a  blunt  cone. 

The  Treatment  that  should  be  adopted  in  these  cases  is  to  compress  the  aorta 
by  means  of  the  aortic  tourniquet ;  then  to  lay  open  the  tumour  freely,  turn 
out  its  contents,  and  pass  a  ligature  by  means  of  an  aneurism-needle  round 
the  short  trunk  of  the  gluteal  as  it  emerges  from  the  pelvis. 

Femoral  Artery. — The  hEemorrhage  fi'om  the  Penioral  Artery  Com- 
mon, Superficial  or  Deep,  when  wounded  is  always  very  profuse.  In  all 
cases,  ligature  of  the  wounded  vessel  at  the  seat  of  injury  should,  if  possible, 
be  practised.  '  ' 

If  a  Diffused  Traumatic  Aneurism  have  already  formed,  the  artery  should 
be  commanded  by  a  tourniquet,  as  it  passes  over  the  brim  of  the  pelvis,  the 
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sac  laid  open,  and  the  bleeding  vessel  sought  for  and  tied.  Guthrie  has  col- 
lected a  great  number  of  cases,  which  prove  iucontcstably  that  the  general 
principles  of  treatment  in  wounded  arteries  must  not  be  departed  from,  when 
the  arteries  of  the  groin  or  thigh  are  wounded.  Ou  the  contrary,  the  facility 
with  whicli  in  most  cases  the  circulation  is  kept  up,  and  the  readiness  with 
which  secondary  haemorrhage  comes  on  as  a  consequence  of  the  free  anastomoses 
in  this  situation,  render  the  rule  of  practice  of  applying  a  ligature  on  each  side 
of  the  wound  in  the  vessel  peculiarly  stringent  iu  all  recent  arterial  wounds  in 
this  part  of  the  body.  Secondary  lia^morrluige  and  gangrene  of  the  limb  are 
the  great  sources  of  danger  here.  When  gangrene  is  imminent,  or  has  come 
on,  amputation  is  necessarily  the  sole  resource.  With  regard  to  secondary 
hemorrhage  supervening  after  ligature  of  the  artery  at  ihe  scat  of  injury,  {have, 
is,  I  think,  no  safe  course  but  removal  of  tlie  limb.  Where  the  artery  luis  been 
tied  higher  up,  as,  for  instance,  when  the  external  iliac  has  been  ligatured  for 
recent  wounds  or  traumatic  aneurisms  in  the  groin  or  upper  part  of  the  thigh, 
the  haemorrhage  apjiears  to  have  returned,  or  gangrene  to  liave  supervened  in 
all  these  cases.  This  fact  was  remarkably  illustrated  iu  the  Crimean  War. 
Tlius,  Macleod  states  that  the  French  in  one  hospital  at  Constantinople  liga- 
tured the  femoral  at  a  distance  from  the  woimd  for  secondary  haemorrhage 
seven  times,  and  that  all  the  cases  failed. 

If  the  traumatic  aneurism  have  assumed  a  circumscj'ibed  character,  it  must 
be  treated  on  the  principles  laid  down  for  this  form  of  the  disease,  the  supply- 
ing artery  being  ligatured  above  the  tumour  ;  and  cases  are  not  Avanting  in 
proof  of  the  success  of  this  practice. 

It  occasionally,  though  rarely,  happens  that  a  Varicose  Aneurism  is  fonned 
in  the  groin  or  upper  part  of  the  thigh,  as  the  result  of  wound  of  the  artery 
and  vein  in  this  situation.  It  usually  presents  the  ordinary  characters  of  this 
disease,  but  some  peculicirities  have  occasionally  been  met  with.  Thus,  in  a 
case  related  by  Horner,  there  was  a  wavy  motion  in  the  femoral  vein  on  tlie 
uninjured  side,  arising  from  the  blood  in  the  wounded  vessel  communicating  a 
thrill  upwards  to  that  contained  in  the  vena  cava.  In  a  case  related  by  Mor- 
rison, it  is  stated  that  a  tumour,  as  large  as  the  human  uterus  at  the  third 
month  of  pregnancy,  communicated  with  the  injured  vein. 

The  Treatment  of  this  disease  is  exceedingly  unsatisfactory.  Of  four  cases 
in  which  the  external  iliac  artery  was  tied,  a  fatal  termination  occurred  in  every 
instance  :  two  of  the  patients  dying  of  gangrene  of  the  limb,  and  the  remaining 
two  of  secondary  haemorrhage  and  consecutive  pneumonia.  1 1  has  consequently 
been  proposed  by  Guthrie  that  the  tumour  be  laid  open,  and  the  artery  secured 
above  and  below  the  aperture  in  it.  As  tliis  plan  has  never  l)een  fairly  put 
into  practice,  it  would  perhaps  be  useless  to  speculate  on  the  chances  of 
success  likely  to  attend  it.  The  danger  of  a  fatal  gush  of  blood  on  laying  open 
the  sac,  which  in  former  times  would  have  made  most  Surgeons  hesitate  to 
venture  on  such  an  operation,  has  now  been  completely  obviated  by  the  use  of 
the  aorta-compressor. 

Vessels  of  the  Lsri  and  Foot.— Deep  stabs,  cuts,  and  gun-shot- wounds  of 
the  leg  may  be  followed  by  profuse  haemorrhage  from  a  wounded  artery.  It 
may  not  always  be  easy  to  determine  with  accuracy  which  of  the  arteries  is 
wounded  :  whether  it  be  one  of  the  tibials,  the  peroneal,  or  only  large  muscular 
branches.  This  is  more  especially  the  case  when,  in  consequence  of  fracture,  a 
pulsatory  extra \-asation  of  blood  forms  in  the  calf.    When  there  is  an  open 
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wound,  the  direction  taken  by  it  will  probably  enable  the  Surgeon  to  solve 
the  question. 

In  the  Treatment  of  arterial  bleeding-  from  the  leg — whether  calf  or  front — 
the  Surgeon  may,  especially  if  it  be  not  very  profuse,  try  to  arrest  it  by  com- 
press, bandage,  and  position.  Should  these  modes  fail,  rccom-se  must  be  had  to 
oj^eration. 

When  the  Posterior  Tibial  Artery  is  wounded,  there  is  no  reason  to 
deviate  from  the  usual  princijjle  of  treating  primary  haemorrhage  fi'om  a 
wounded  artery,  viz.,  to  cut  down  on  the  vessel  at  the  seat  of  injury,  and  tie 
it  above  and  below  the  wound  in  it.  The  same  rule  of  treatment  aj^plies  to 
Wounds  of  the  Anterior  Tibial  and  Peroneal  Arteries.  In  performing 
this  operation,  if  the  posterior  tibial  be  wouuded  in  the  upper  two-thirds  of  its 
com'se,  the  Surgeon  will  have  to  cut  freely  by  the  side  of,  or  through,  the  muscles 
of  the  calf.  This  he  must  do  in  the  direction  of  their  fibres,  injuring  them  by 
transverse  incision  as  little  as  possible  ;  and,  by  taking  the  track  of  the  wound 
as  his  guide,  the  bleeding  vessel  will  at  last  be  reached,  and  must  then  be 
tied  in  the  usual  way.  Such  an  operation  jiractised  on  a  person  with  a 
muscular  limb  that  is  infiltrated  with  blood  and  inflammatory  effusions,  is  in 
the  highest  degree  difficult.  In  the  lower  third  of  the  leg  the  arteries  are 
superficial,  and  reached  with  comparative  ease. 

When  the  hsemorrhage  is  not  primary,  but  consecutive,  or  if  a  diflPused 
aneurism  have  formed,  with  or  without  external  wound,  as  in  the  case  of  frac- 
ture, Surgeons  have  occasionally  had  recourse  to  ligature  of  the  superficial 
femoral  artery,  with  success.  The  artery  may  be  tied  in  Scarpa's  triangle, 
or,  which  would,  I  think,  be  better  in  such  a  case,  in  Hunter's  canal.  When 
ligature  fails,  amputation  is  necessarily  the  only  resource.  In  one  of  the  suc- 
cessful cases  S.  Cooper  ligatured  the  popHteal — a  plan  that  has  found  favour 
with  the  French  Surgeons.  In  another,  Dupuytren  tied  the  superficial  femoral 
for  a  pistol-buUet-womid  in  the  leg.  The  others  were  cases  of  diffused  aneurism, 
arising  from  a  secondary  haemorrhage  occurring  in  the  course  of  a  ft'acture. 

The  subject  of  Wound  of  the  Tibial  Arteries  as  a  result  of  fracture  of 
the  tibia,  Avill  be  more  fully  discussed  in  Chapters  XX.  and  XXI. 

Small  Circumscribed  Aneurisms  are  occasionally  met  with  in  the  foot,  in 
consequence  of  wound  of  one  of  the  plantar  arteries,  as  in  operations  for 
club-foot.  If  pressure  have  failed  in  preventing  or  curing  the  disease,  the  only 
course  left  to  the  Surgeon  is  to  lay  the  tumour  open,  and  to  ligature  the  artery 
on  each  side  in  the  usual  way. 

Wounds  of  the  Plantar  Arteries  must  be  treated  on  the  same  prin- 
ciples as  are  wounds  of  the  palmar  arches. 


ENTRA^sCE   OF  AIR  INTO  VEINS. 

The  Entrance  of  Air  into  a  Womided  Vein,  thongh  an  accident  of  rare 
occurrence,  is  one  that  occasions  such  peculiar  and  alarming  symptoms,  that  it 
becomes  necessary  to  be  acquainted  Avith  the  circumstances  attending  it  ;  and 
its  study  is  the  more  interesting  to  the  practical  Surgeon,  as  it  is  chiefly  in  the 
course  of  operations  that  this  condition  occurs. 

In  surgical  practice,  we  meet  only  with  spontaneous  admission  of  air  into  the 
circulation.  This  was  first  observed  in  the  year  1818,  in  a  case  in  which  the 
internal  jugular  vein  was  opened  during  the  removal  of  a  large  tumour  from 
the  right  shoulder  by  Bcauchesne.  The  investigation  of  this  subject  is  con- 
sequently a  comparatively  recent  matter,  in  which  the  labours  of  the  Commis- 
sioners of  the  French  Academy  are  conspicuous,  and  the  names  of  Magendie, 
Amussat,  Coimack,  and  Wattmann  are  distinguished. 

Results  of  Experiments  ox  Aximals. — As  cases  of  entry  of  air  into 
the  veins  occur  comparatively  seldom  in  man,  it  is  necessary  to  study  the 
phenomena  accompanying  it  on  the  lower  animals.  It  has  long  been  known  to 
physiologists  that  the  forcible  introduction  of  air  into  the  circulation  would 
kill  an  animal ;  and  Morgagni,  Valsalva,  Bichat,  and  Nysten  have  made  this 
a  subject  of  observation  and  experiment.  The  death  of  the  animal  in  these 
cases  appears  to  be  dependent  partly  on  the  quantity  of  air  injected,  and  partly 
on  the  rapidity  with  which  it  is  thrown  in.  Bichat  supposed  that  a  single 
bubble  injected  into  the  circulation  killed  the  animal  with  the  rapidity  of 
lightning ;  but  this  is  erroneous,  as  shown  by  Nysten.  I  have  on  several 
occasions  injected  two  or  three  cubic  inches  of  air  into  the  jugular  vein  of  a 
dog,  without  producing  death,  though  much  distress  resulted.  The  rapidity 
with  which  the  air  is  thro^Ti  in  exercises  a  considerable  influence  upon  the 
result.  If  blown  in  quickly,  a  small  quantity  may  kill ;  if  thrown  in  slowly 
and  gradually,  a  large  quantity  may  be  injected  without  destroying  life,  tlie 
blood  appearing  to  absorb  and  carry  away  the  gas.  In  experiments  which  I 
made  many  years  ago  on  this  subject,  I  have  observed  the  following  phenomena 
in  cases  where  death  was  produced. 

On  exposing  the  internal  jugular  vein  low  in  the  neck,  and  puncturing  it  at 
a  place  where  the  flux  and  reflux  of  the  blood  are  plainly  discernible,  there  is 
perceived  in  the  first  inspiratory  effort  made  by  the  animal  after  the  wound,  a 
peculiar  lapping  or  gurgling-liquid,  hissing  sound  ;  the  nature  of  the  sound 
depending  partly  on  the  size  and  the  situation  of  the  opening  in  the  vessel.  At 
the  same  time,  a  few  bubbles  of  air  are  seen  to  be  mixed  with  blood  at  the 
orifice  in  the  vein.  The  entrance  of  the  air  is  immediately  followed  by  a 
struggle,  during  the  deeper  inspirations  of  which,  fi-esh  quantities  of  air  gain 
admittance,  the  entrance  of  each  portion  being  attended  by  the  peculiar  sound 
above  described.    On  listening  now  to  the  action  of  the  heart,  a  loud  churning 
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noise  will  be  heard,  synchronous  Avith  the  ventricular  systole  ;  and  the  hand 
vnW,  if  applied  to  the  parietes  of  the  chest,  feel  at  the  same  time  a  peculiar 
bubbling,  thrilling,  or  rasping  sensation,  occasioned  by  the  air  and  blood  being, 
as  it  Avere,  whipped  together  amongst  the  coluninte  carnete  and  chordas  tendinea3. 
As  the  introduction  of  air  continues,  the  circulation  becomes  gradually  more 
feeble  and  languid;  the  heart's  action,  however,  being  fully  as  forcible  as 
natural,  if  not  more  so.  The  animal  soon  becomes  unable  to  stand  ;  if  placed 
upon  its  feet,  it  rolls  over  on  one  side,  utters  a  few  plaintive  cries,  is  convulsed, 
extrudes  the  fteces  and  urine,  and  dies.  If  the  thorax  be  immediately  opened, 
it  will  be  seen  that  the  heart's  action  is  continuing  regularly  and  forcibly,  and 
that  the  puhuonic  cavities,  though  filled,  do  not  appear  distended  beyond  their 
ordinary  size. 

Death  occurs,  as  I  have  shown  in  a  paper  on  this  subject,  published  in  the 
158th  number  of  the  EdinMrgh  Medical  and  Surgical  Journal,  in  consequence 
of  the  air  and  blood  being  beaten  up  together  in  the  right  cavities  of  the  heart 
into  a  spumous  froth,  which  cannot  be  propelled  through  the  pulmonary 
vessels  ;  hence  there  is  a  deficient  supply  of  blood  to  the  brain  and  nervous 
centres,  and  fatal  syncope  comes  on,  attended  usually  by  convulsions.  In 
addition  to  this,  the  frothy  mixture  in  the  ventricles  has  not  sufficient  resistance 
to  press  upon  and  to  close  the  valves  of  the  heart,  and  the  organ  soon  comes  to 
a  stand-still. 

Spontaneous  Entry  of  Air  into  the  Veins  of  Man  is  attended  by 
two  distinct  sets  of  phenomena,  one  of  a  local,  the  other  of  a  constitutional 
character. 

Local  Phenomena. — These  consist  of  a  peculiar  sound,  produced  by  the 
entrance  of  the  air,  and  of  the  appearance  of  bubbles  about  the  wound  in  the 
vein.  The  sound  is  of  a  hissing,  sucking,  gurgling,  or  lapping  character,  and 
never  fails  to  indicate  the  serious  nature  of  the  accident  that  has  occurred. 
When  once  heard,  whether  in  man  or  in  the  lower  animals,  it  can  never  be 
mistaken.  It  has  fortunately  fallen  to  my  lot  to  hear  this  sound  in  the  human 
subject  on  one  occasion  only,  in  a  patient  who  had  attempted  suicide  by 
cutting  his  throat.  The  wounded  internal  jugular  w^as  being  raised  for  the 
purpose  of  having  a  ligatm-e  passed  under  it,  when  a  loud  hissing  and  gurgling 
sound  was  heard,  and  some  bubbles  of  air  appeared  about  the  wound ;  the 
patient  became  faint,  and  greatly  oppressed  in  his  breathing.  The  ligature 
was  immediately  tightened,  the  faintness  gradually  passed  off,  and  no  bad 
consequences  ensued. 

The  Constitutional  Effects  are  usually  very  marked.  At  the  moment  of 
entry  of  the  air,  the  patient  is  seized  with  extreme  faintness,  and  a  sudden 
oppression  about  the  chest ;  he  usually  screams  out  or  exclaims  that  he  is 
dying,  and  continues  moaning  and  whining.  There  is  dyspnoea,  purely 
cardiac  in  character,  for  the  air  enters  the  lungs  freely ;  this  sense  of  dyspnoea 
is  due  to  the  arrest  of  the  supply  of  blood  to  the  lungs.  The  pulse  becomes 
nearly  imperceptible,  though  the  heart's  action  is  laboured  and  rapid ;  the 
pupils  are  widely  dilated.  Death  commonly  results  ;  but  not  instantaneonsly, 
in  many  cases  at  least.  Greene  has  coUected  68  fatal  cases  of  this  accident ; 
24  died  almost  immediately,  the  rest  at  periods  varying  from  three  hours  to 
seven  days.  Bcauchesne's  case  hved  a  quarter  of  an  hour  after  the  occurrence 
of  the  accident ;  Mirault's  between  three  and  four  hours  ;  and  Clemot's  several 
hours.   Amongst  the  other  recorded  fatal  cases,  I  have  not  been  able  to  find 
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any  but  vague  statements  as  to  the  length  of  time  during  which  the  patients 
survived. 

If  the  patient  survive  the  immediate  eifects  of  the  accident,  he  may  probably 
recover  without  any  bad  symptoms,  as  happened  in  the  case  to  which  T  have 
referred  as  occurring  at  the  University  College  Hospital,  and  in  an  instance 
recorded  by  B.  Cooper.  In  some  of  the  cases  that  survived  some  days  the 
fatal  result  is  said  to  have  been  due  to  bronchitis  or  pneumonia,  as  happened 
to  the  patients  of  Roux  and  Malgaignc. 

Cause. — The  cause  of  the  spontaneous  entry  of  air  into  the  veins  has  been 
very  completely  investigated  and  determined  by  the  French  Commission.  If 
we  open  a  large  vein  at  the  root  of  a  dog's  neck,  near  the  thorax,  in  which  the 
venous  pulse,  or  flux  and  reflux  of  the  blood,  is  perceptible,  we  shall  see  that 
air  rushes  in  at  each  inspiration — but  only  at  this  time — never  gaining  entry 
during  expiration.  This  is  owing  to  the  tendency  to  the  formation  of  a  vacuum 
within  tlie  tliorax  during  inspiration.  This  suction  action,  or  "  venous  in- 
spiration," is  confined  to  the  large  vessels  in  and  near  the  thoracic  ca\dty, 
being  limited  by  the  collapse  of  the  coats  of  the  veins  at  a  little  distance  fi'ora 
this.  If  the  veins  were  rigid  tubes,  it  would  extend  throughout  the  body  ; 
but  as  they  are  not,  it  ceases  where  the  coats  collapse.  It  is  indeed  practically 
limited  to  that  part  of  the  root  of  the  neck  and  the  axilla  where  the  venous 
fliLX  and  reflux  are  perceptible  ;  and  the  space  in  which  it  occurs  has  been 
termed  the  "dangerous  region."  But,  in  certain  circumstances,  air  may 
spontaneously  gain  admission  at  points  beyond  this. 

It  is  well  known  that  what  is  called  by  the  French  Surgeons  the  "  canaliza- 
tion "  of  a  vein,  or  its  conversion  into  a  rigid  uncollapsing  tube,  is  the  con- 
dition which  is  most  favourable  to  the  introduction  of  air  into  it.  Indeed, 
except  in  those  situations  in  which  there  is  a  natural  movement  of  flux  and 
reflux  of  the  blood  in  the  veins,  this  accident  cannot  occur  unless  these  vessels 
be  canalized,  or,  in  other  words,  prevented  from  collapshig,    This  canalization 
of  the  vessel  may  be  occasioned  in  a  variety  of  ways.  Either  the  cut  vein  may 
be  surrounded  by  indurated  areolar  tissue,  which  keeps  it  open  like  a  hepatic 
vein;  or  the  coats  of  the  vessel  may  have  acquired,  as  a  consequence  of 
inflammation,  such  a  degree  of  thickness  as  to  prevent  their  falling  together 
Avhen  divided.    Then,  again,  the  principal  veins  at  the  root  of  the  neck  have, 
as  Berard  has  pointed  out,  such  intimate  connections  with  the  ucighl)ouring 
aponeurotic  structures,  that  they  are  constantly  kept  in  a  state  of  tension,  so 
that  their  sides  are  held  apart  when  they  are  cut  across.    The  contractions  of 
the  platysma  and  other  muscles  of  the  neck  may  likewise,  as  Sir  C.  Bell  has 
shown,  have  a  similar  effect.    In  removing  a  tumour,  also,  that  is  situated 
about  the  neck,  the  traction  exercised  upon  its  pedicle  may,  if  this  contains  a 
vein,  cause  it  to  become  temporarily  canalized ;  especially  if  the  section  be 
incomplete  and  in  a  transverse  direction,  when  the  wound  will  be  rendered 
open  and  gaping  by  the  retraction  of  the  surrounding  tissues.   This  patency  of 
the  incision  in  the  vein  is  apt  to  be  increased  by  the  position  that  is  neces- 
sarily given  to  the  head  and  arm,  in  all  operations  of  any  magnitude  about 
the  shoulders  and  neck.    Lastly,  the  introduction  of  air  into  a  vein  will  be 
favoiu-ed  by  the  vessel  being  divided  in  the  angle  of  a  wound,  the  vein  being 
made  open-mouthed  and  gaping  when  the  flaps  that  form  the  angle  are 
lifted  up. 

In  all  cases  in  which  air  has  gained  admittance  into  the  veins  during  an 
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operation,  these  vessels  were  iu  one  or  other  of  the  above-mentioned  conditions. 
Thus,  in  Beauchesne's  case,  air  was  introduced  in  consequence  of  incomplete 
division  of  the  external  jugular,  immediately  above  the  right  subclavian,  whilst 
in  a  state  of  tension,  during  the  remo^-al  of  a  portion  of  the  clavicle.  In  a  case 
that  occurred  to  Dupuytren,  a  large  vein  connected  with  a  tumour,  and  com- 
municating with  the  jugular,  was  cut  at  the  last  stroke  of  the  scalpel,  whilst 
the  tumour  was  being  forcibly  drawn  up.  The  vein  was  found  to  be  adlierent 
to  the  sides  of  a  sulcus,  so  that  it  remained  gaping  when  cut.  In  a  case  related 
by  Delpech,  there  was  thickening  of  the  coats  of  the  axillary  vein,  causing  it 
to  gape  like  an  artery.  In  Castara's  case  there  was  incomplete  section  of  a 
vein,  which  opened  into  the  subscapular,  whilst  the  tumour  was  bemg  raised 
up.  In  Eoux's  case  a  vein  in  the  neck  was  opened,  whilst  a  tmnour,  which 
was  being  removed  from  that  region,  was  being  forcibly  raised  in  order  to 
dissect  under  it.  Ulrick  saw  the  accident  occur  in  consequence  of  the 
incomplete  di^dsion  of  the  internal  jugular  vein,  which  was  implicated  in  a 
tumour  in  the  neck.  A  similar  case  happened  to  Mirault  of  Angers,  the 
internal  jugular  being  divided  to  half  its  extent,  A  case  occurred  to  Warren, 
in  which  the  air  entered  by  the  subscapular  vein,  the  coats  of  which  were 
healthy,  but  in  a  state  of  tension  in  consequence  of  the  position  of  the  arm  : 
and  another,  in  which  the  same  accident  happened  from  the  di^'isiou  of  a 
small  transverse  branch  of  communication  between  the  external  and  internal 
jugular,  whilst  in  a  state  of  tension.  Mott,  whilst  removing  a  tumour  of  the 
parotid  gland,  opened  the  facial  vein,  which  was  in  a  state  of  tension  in  con- 
sequence of  the  position  of  the  patient's  head,  when  air  was  introduced.  A 
case  is  related  by  Malgaigne  in  which  this  accident  happened  in  consequence 
of  the  incomplete  section  of  the  external  jugular  vein,  which  was  enveloped 
in  a  tmnour  that  was  being  removed.  Begin  also  relates  a  case  in  which  air 
entered  in  consequence  of  the  puncture  of  the  internal  jugular  vein  whilst  ho 
was  removing  a  tumour  from  the  neck. 

These  cases,  in  which  the  condition  of  the  wounded  vein  was  particularized, 
show  clearly  what  is  the  state  of  the  vessel  and  of  the  sm-rounding  parts  that 
is  most  Ukely  to  favour  the  occurrence  of  the  accident,  and  consequently  what 
the  Surgeon  should  particularly  guard  against  in  the  removal  of  tumours 
about  the  neck  and  shoulders  ;  viz.,  incomplete  division  of  the  veins,  and  the 
employment  of  forcible  traction  on  the  diseased  mass  at  the  moment  of  using 
the  scalpel.  In  removing  tumours  fi*om  the  neck  and  shoulder,  it  is  in  many 
cases  impossible  to  avoid  drawing  them  forcibly  upwards  or  forwards,  in  order 
to  get  at  their  deeper  attachments  ;  but  if  this  be  necessary  the  chest  should 
for  reasons  that  will  immediately  be  pointed  out,  be  tightly  compressed,  so 
that  no  deep  inspirations  may  be  made  at  the  moment  that  the  knife  is  being 
used,  or  before  a  divided  or  wounded  vein  can  be  effectually  secm-ed. 

Preventive  Treatment.— In  the  pre-ana3sthetic  days,  the  accidental  entry 
of  air  into  a  vein  during  an  operation  was  of  more  common  occurrence  than  it 
is  now.  When  a  patient  was  under  the  knife,  the  respirations  were  generally 
shallo^v  and  restrained,  the  breath  being  held,  whilst  every  now  and  then  there 
was  a  deep  gasping  inspiration  ;  at  which  moment,  if  a  vein  were  opened  in 
which  the  pulse  was  perceptible,  or  which  was  canalized,  air  was  necessarily 
sucked  in  ;  and,  as  has  already  been  said,  in  quantity  and  force  proportioned 
to  the  depth  of  the  inspiration.  In  these  circumstances,  the  mode  of  guardino- 
against  the  introduction  of  air  into  the  veins  was  obvious.    It  wa^  recom''- 
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mended  that  the  chest  and  abdomen  should  be  so  tightly  bandaged  with  broad 
flannel  rollers  or  laced  napkins,  as  to  prevent  the  deep  gasping  inspirations, 
and  to  keep  the  breathing  as  shallow  as  possible,  consistently  with  the  comfort 
of  the  patient.  I  have  often  found  that  the  entrance  of  air  into  the  veins  of 
a  dog  could  be  arrested  by  forcibly  compressing  the  chest  of  the  animal,  so  as 
to  limit  the  respiratory  movements ;  but  that,  as  soon  as  a  deep  inspiratory 
effort  was  made,  the  compression  having  been  remoA-ed,  a  rush  of  air  took 
place  into  the  vessel.  When  such  precautions  were  taken,  therefore,  during 
an  operation  about  the  root  of  the  neck  or  summit  of  the  thorax,  and  the 
chest  was  bandaged,  as  here  recommended,  the  Surgeon  had  to  be  careful  not  to 
remove  the  compression  until  the  operation  w^as  completed,  and  the  wound 
di-essed  ;  for  if  this  precaution  was  not  attended  to,  the  patient  would,  most 
probably,  on  the  bandage  being  loosened,  have  made  a  deep  inspiration,  and 
air  might  have  been  sucked  in  at  the  very  moment  when  all  appeared  safe.  It 
is  now  rarely  possible  to  adopt  these  precautionary  measures,  for  the  danger  from 
applying  such  constriction  during  the  administration  of  an  aua3sthetic  would 
be  greater  than  the  risk  of  entrance  of  air,  but  I  have  retained  a  description  of 
them  partly  on  historic  grounds  and  partly  because  circumstances  might  even 
now  arise  in  which  they  might  be  necessary. 

Ciirative  Treatment. — Different  plans  have  been  recommended  by  Sur- 
geons for  the  treatment  of  those  cases  in  which  air  has  already  gained  admit- 
tance into  a  vein  ;  but,  from  the  very  fatal  natm-e  of  this  accident,  it  does  not 
appear  that  much  benefit  has  resulted  from  any  of  them  :  the  recoA'ery  of  the 
patient,  in  some  of  the  cases,  appearing  to  be  due  rather  to  the  quantity  of 
air  that  was  introduced  being  insufficient  to  cause  death,  than  to  any  effort  on 
the  part  of  the  Surgeon.  The  two  principal  modes  of  treatment  that  have 
teen  recommended,  are  suction  of  the  air  from  tlie  right  auride,  and  the 
employment  of  comjjression  of  the  chest.  Thus  Amussat  and  Blandin  advise  us 
to  introduce  the  pipe  of  a  syringe,  a  female  catheter,  or  a  flexible  tube,  into  the 
wounded  vein,  if  it  be  large  enough  to  admit  the  instrmnent ;  and  if  not,  to 
open  the  right  jugular,  and  pass  it  down  into  the  auricle,  and  then  to  employ 
suction,  so  as  to  empty  the  heart  of  the  mixture  of  blood  and  air.  At  the 
same  time  that  this  is  being  done,  we  are,  say  they,  to  compress  the  chest  as 
forcibly  as  possible,  so  as  to  squeeze  more  of  the  air  out  of  the  heart.  Magendie 
and  llochoux  advise  suction  alone  ;  and  Gerdy  recommends  us  to  be  content 
with  compression  of  the  chest.  Warren  (of  Boston)  directs  us  to  have  recourse 
to  Meecling  from  tlie  temporal  artery,  to  traclieotomy ,  or  to  stimulants,  according 
to  the  condition  of  the  patient. 

The  indications  that  present  themselves  in  the  treatment  appear  to  me  to  be 
threefold  : — 

1.  To  keep  up  a  due  supply  of  blood  to  the  brain. 
.  2.  To  maintain  the  powers  of  the  heart  until  the  obstruction  in  th€  pulmonic 
capillaries  can  be  overcome  or  removed. 

3.  To  remove,  if  possible,  the  obstruction  in  the  capillaries  of  the 
lungs. 

We  shall  now  see  how  far  the  means  already  mentioned,  viz.,  suction,  com- 
pression, kc,  can  fulfil  these  indications. 

Suction  would  no  doubt  be  highly  advantageous  if  we  could,  by  its  means, 
remove  the  air  that  has  gained  access  to  the  heart,  and  thus  prevent 
the  pulmonic  capillaries  from  being  still  further  obstructed.    But  putting 
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out  of  consideration  the  difficulty  of  finding  the  ^rounded  _  vein  ;  the  still 
gi-eater  difficulty  of  introducing  a  suitable  tube  a  sufficient  distance  into  it ; 
the  danger  of  allowing  the  ingress  of  a  fresh  quantity  of  air,  whilst  opening  the 
sides  of  the  incision  in  the  vein  so  as  to  introduce  the  tube  ;  putting  aside  all 
these  circumstances,  which  appear  to  me  to  be  most  serious  objections,  it 
becomes  a  question,  accordmg  to  Amussat,  who  was  one  of  the  strongest  ad- 
vocates of  this  mode  of  practice,  whether,  by  suction  with  a  syringe,  or  even 
by  the  mouth,  any  material  quantity  of  air  can  be  removed.  He  says  that, 
even  when  the  tube  is  introduced  into  the  right  auricle,  much  more  blood 
than  air  is  constantly  mthdrawn.  These  considerations,  then,  should,  I  think, 
make  the  Surgeon  hesitate  before  having  recourse  to  such  a  hazardous  mode  of 
procedure. 

The  next  plan,  that  of  circular  comjiression  of  the  chesi,  however  valuable  it 
may  be  in  preventing  the  ingress  of  air,  can,  when  it  has  once  been  introduced 
into  the  veins,  have  no  effect  in  removing  it  from  the  circulatory  system.  AVo 
cannot,  by  any  compression  that  we  may  employ,  squeeze  the  air  out  of  the 
heart.  But  compression  may  not  only  be  productive  of  no  positive  good,  but 
may  even  occasion  much  mischief,  by  embarrassing  still  further  the  already 
weakened  respiratory  movements,  and  thus  interfering  with  the  due  aeration  of 
the  small  quantity  of  blood  that  may  yet  be  traversing  the  lungs. 

Bleediny  from  the  temiJoral  artery  can  by  no  possibility  be  productive 
of  any  but  an  injurious  effect,  by  diminishing  the  already  too  small  quantity  of 
blood  in  the  arterial  system.  Openinij  the  ritjht  jugular  vein  may,  perhaps,  to 
a  certain  extent,  be  serviceable,  by  unloading  the  right  cavities  of  the  heart, 
as  John  Reid  has  shown  it  to  be  capable  of  doing  ;  and  it  has  been  recom- 
mended by  Cormack  on  this  account.  Lastly,  tracheotomy  cannot  be  of  the 
least  ser^dce,  as  the  arrest  of  the  respiratory  function  is  secondary,  and  not 
primary. 

1.  What,  then,  are  the  measures  that  a  Surgeon  should  adopt  in  order  to 
prevent  the  occurrence  of  a  fatal  termination  in  those  cases  in  which  air  has 
been  accidentally  introduced  into  the  veins  during  an  operation  ?    Beyond  a 
doubt,  the  first  thing  to  be  done  is  to  prevent  the  further  ingress  of  air, 
by  compressing  the  wounded  vein  with  the  finger,  and,  if  practicable,  securing 
it  by  a  ligature.    At  all  events,  compression  with  the  finger  should  never  be 
omitted ;  as  it  has  been  shown  by  Nysten,  Amussat,  Magendie,  and  others, 
that  it  is  only  when  the  air  that  is  introduced  exceeds  a  certain  quantity,  that 
death  ensues.    All  further  entry  of  air  ha^^ng  been  thus  prevented,  our  next 
object  shoidd  be  to  keep  up  a  good  supply  of  blood  to  the  hrain  and 
nervous  centres,  and  thus  maintain  the  integrity  of  their  actions.  The 
most  efficient  means  of  accomplishing  this  would  probably  be  the  plan  recom- 
mended by  Mercier ;  who,  believing  that  death  ensues  in  these  cases,  as  in 
prolonged  syncope,  from  a  deficient  supply  of  blood  to  the  brain,  recommends 
us  to  employ  compression  of  the  aorta  and  axillary  arteries,  so  as  to  divert  the 
whole  of  the  blood  that  may  pass  through  the  lungs  into  the  arterial  system  to 
the  encephalon.    This  appears  to  me  to  be  a  very  valuable  piece  of  advice,  and 
to  be  the  most  effectual  way  of  carrying  out  the  indication.  The  patient  should, 
at  the  same  time  that  the  compression  is  being  exercised  on  his  axillary  arteries 
and  aorta,  or,  if  it  be  preferred,  as  more  convenient  and  easier  than  the  last,  on 
his  femorals,  be  placed  in  a  recmnbent  position  as  in  ordinary  fainting,  so  as  to 
facilitate  the  afflux  of  blood  to  the  head.    The  compression  of  the  axillary  and 
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femoral  arteries  may  readily  be  made  by  the  fingers  of  two  of  the  assistants 
who  are  present  at  every  operation  of  importance. 

•1.  For  the  fulfilment  of  the  second  indication,  that  of  maintaining  the 
action  of  the  heart  until  the  obstruction  in  the  capillaries  of  the  lungs  can 
be  overcome  or  removed,  artificial  respiration  should  be  resorted  to  as  the  most 
effectual  means  of  keeping  up  the  action  of  that  organ.  It  seems  also  to  help 
the  circulation  through  the  lungs,  and  thus  to  relieve  the  right  side  of  the 
heart.  For  the  purpose  of  keeping  up  artificial  respiration,  Silvester's  method 
is  the  best.  Before  employing  it,  it  will  be  necessary  to  remove  everything 
that  compresses  the  chest,  or  interferes  in  any  way  with  the  fi-ee  exercise  of 
the  respiratory  movements.  Friction  with  the  hand  over  the  prtecordial 
region,  and  the  stimulus  of  ammonia  to  the  nostrils,  may  at  the  same  time  be 
resorted  to. 

3.  The  third  indication — that  of  overcoming  the  obstruction  in  the 
pulmonic  capillaries — would  probably  be  best  fulfilled  by  the  means 
adopted  for  the  accomplishment  of  the  second,  viz.,  artificial  respiration. 
That  the  action  of  respiration,  if  kept  up  sufficiently  long,  will  enable  the 
capillaries  of  the  lungs  to  get  rid  of  the  air  contained  in  them,  appears  to 
be  a  fact ;  for  I  have  experimentally  observed  that,  if  a  certain  quantity  of  air 
be  introduced  into  the  jugular  vein  of  a  dog,  and  artificial  respiration  be  then 
established,  and  maintained  for  half  or  three-quarters  of  an  hour,  a  very  small 
quantity  indeed,  if  any,  will  be  found,  on  killing  the  animal,  in  the  cavities  of 
the  heart,  or  in  the  branches  of  the  pulmonary  vessels.  I  am  aware  that  this 
is  not  altogether  conclusive  of  the  fact,  as  the  air  might  be  dissolved  in  the 
blood,  or  might  still  exist  in  the  capillaries  of  the  lungs,  although  none  might 
be  found  in  the  larger  branches  of  the  pulmonary  arteiy ;  but  still  it  seems  to 
me  that  we  can  hardly  account  for  the  large  quantity  of  air  that  will  disappear 
when  artificial  respiration  is  kept  up,  in  any  other  way  than  that  some,  if  not 
all  of  it,  passes  out  of  the  capillary  vessels  into  the  air  cells  of  the  lungs. 
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INJURIES    OF  NERVES. 

Contusion. — Nerves  are  often  contused  ;  the  injury  producing  a  tingling 
sensation  at  their  extremities,  and  pain  at  the  part  struck.  These  effects 
usually  pass  off  in  the  course  of  a  few  minutes  or  hours.  If  the  blow  have 
been  sufficiently  severe  to  cause  hfemorrhage  amongst  the  fibres  of  the  nerve, 
the  symptoms  may  be  more  severe  and  persistent,  and  temporary  jDaralysis  of 
the  parts  supplied  by  the  injured  nerve  may  result.  In  certain  conditions  of 
the  system,  more  especially  in  hysterical  women,  the  symptoms  may  last  for  a 
considerable  period,  even  after  slight  contusions,  and  may  give  rise  to  neuralgia 
of  a  very  permanent  character.  In  other  cases  the  continuance  of  the  symp- 
toms appears  to  be  due  to  the  supervention  of  chronic  neuritis,  accompanied 
by  thickening  of  the  neurilemma,  causing  compression  of  the  nerve-fibres,  and 
thus  producing  more  or  less  extensive  paralysis,  accompanied  by  neuralgic  pain 
in  the  part  supplied  by  the  affected  nerve. 

Strains. — Any  Alolent  movement,  which  stretches  a  nerve  forcibly,  mav 
occasionally  be  slowly  followed  by  the  symptoms  of  chronic  neuritis  to  be 
described  later  on.  This  is  most  common  in  the  nerves  of  the  brachial  jolexus 
in  the  axilla. 

Compression. — This  most  commonly  arises  from  disease,  as  from  the  pres- 
sure of  tumours  or  aneurisms,  but  it  may  be  the  result  of  injury :  thus,  the 
brachial  plexus  may  be  pressed  on  by  the  head  of  the  humerus  in  a  dislocation, 
the  spinal  nerves  may  be  compressed  at  the  intervertebral  foramina  in  cases  of 
fracture  of  the  spine,  and  the  fragments  of  bone  in  a  fractm-e  of  a  limb  may  press 
on  contiguous  nerves.    Another  common  form  of  compression  is  the  so-called 
crutch-palsy,  resulting  from  the  jDressure  of  the  upper  end  of  the  crutch  upon 
the  nerves  of  the  brachial  plexus  ;  and  a  similar  paralysis  of  the  muscles  of  the 
front  of  the  leg  is  not  uncommonly  met  with,  as  the  result  of  pressure  on  the 
external  popliteal  nerve  as  it  winds  round  the  head  of  the  fibula,  from  splints 
applied  without  sufficient  padding.    Nerves  may  be  compressed  also  by  the 
growth  of  callus  from  a  fractured  bone,  or  by  the  contraction  of  the  cicatricial 
tissue  of  a  scar.    The  mildest  effects  of  pressure  are  the  numbness,  tinoiing 
and  sense  of  \veakness  with  which  everyone  is  familiar,  as  a  consequence  of 
pressure  on  the  ulnar  nerve  from  sleeping  with  the  arm  under  the  head.  The 
effects  of  pressure  are  proportional  to  its  severity  and  duration.    If  it  lasts  for 
a  sufficient  length  of  time,  complete  loss  of  sensation  and  paralysis  are  pro- 
duced in  the  parts  supplied  by  the  nerve  pressed  upon,  followed  by  wasting 
and  degeneration  of  the  muscles.    Such  cases  usually  recover  in  time  if  the 
cause  be  removed  and  the  limb  be  afterwards  treated  by  the  methods  described 
later  on. 

Rupture  or  Laceration.— Healthy  nerves  are  never  torn  across  except  in 
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tlie  most  severe  injuries,  such  as  compound  dislocations  and  severe  compound 
fractures.  When  paralysis  and  loss  of  sensation  follow  a  severe  subcutaneous 
injury,  it  is  due  to  contusion,  and  possil)ly  to  rupture  of  some  of  the  fibres,  but 
the  continuity  of  the  ner^•e  is  never  com])letely  interrupted. 

Puncture. — If  a  nerve  be  punctured,  unpleasant  consequences  sometimes 
result,  more  especially  in  delicate  women.  Not  only  does  it  happen,  in  such 
subjects,  that  the  part  below  the  puncture  becomes  the  seat  of  various  tingling, 
shooting,  and  burning  pains,  but  the  neuralgic  condition  appears  to  travel 
upwards  along  the  proximal  part  of  the  nervous  trunk.  Thus,  I  have  more 
than  once  seen  a  puncture  of  one  of  the  digital  branches  of  the  ulnar  nerve 
produce  a  kind  of  painful  paralysis  of  its  trunk,  rendering  the  arm  nearly 
useless.  I  ha\-e  seen  the  same  eifects  occur  in  the  median  nerve,  fi'om  so  slight 
a  cause  as  the  puncture  of  the  finger  by  a  needle.  It  occasionally  happens 
in  venesection  at  the  bend  of  the  arm,  that  a  branch  of  the  internal  cutaneous 
ner^•e  is  pricked  with  the  lancet,  and  that  very  persistent  neuralgia  occurs  in 
consequence. 

Division. — Primary  Effects. — When  a  nerve  is  completely  cut  across,  or 
its  conducting  })Ower  in  any  way  abolished,  whether  by  contusion,  compression, 
or  laceration,  prolonged  paralysis  of  sensation  or  motion,  or  both,  according  as 
the  nerve  is  sensory,  motor,  or  compomid,  occurs  in  all  the  parts  supplied  by 
it.  Consequently,  if  the  integrity  of  the  nerve  be  essential  to  life,  as  is  that 
of  the  pneumogastric,  death  must  ensue.  When  the  nerve  is  partially  divided, 
or  bruised  as  well  as  severed,  as  in  cases  of  gun-shot-injury,  neuralgia  in  the 
parts  sui)plied  by  it  beyond,  and  sometimes  also  in  those  aboA  e,  the  injury,  is 
associated  with  the  paralytic  symptoms.  The  patient  complains  of  lumibness 
or  deadness  in  the  parts  supplied  l)y  it,  and  all  tactile  sensibility  is  lost ;  but 
various  anomalous  painful  sensations  of  a  burning,  tickling,  tingling,  or 
creeping  kind  are  complained  of.  These  sensations  often  give  the  idea  of 
increased  heat  of  the  part  to  the  patient,  and  are  compared  by  him  to  the 
effect  that  would  be  produced  by  molten  load  or  boiling  water  running 
through  it.  But  the  sensation  of  lieat  is  deceptive,  for  the  part  will  be  found 
on  examination  to  be  actually  colder  than  natural. 

The  Secondary  Effects  of  division  of  a  nerve  dilTcr  according  to  the 
nature  of  the  nerve  divided.  The  section  of  a  purely  motor  nerve,  such  as 
the  facial,  causes  complete  paralysis,  with  subsequent  wasting  and  degeneration 
of  the  muscles  supplied  l)y  it,  but  the  nutrition  of  the  superficial  structures  is 
not  affected.  The  division  of  a  purely  sensory  nerve,  such  as  the  fifth,  com- 
pletely abolishes  sensation  in  the  area  it  supplies,  but  does  not  necessarily  cause 
any  serious  disturbance  of  nutrition,  although,  from  the  loss  of  sensibility,  the 
part  is  more  exposed  to  suffer  from  injuries  than  a  healthy  one.  Arloing 
and  Tripier  have  showTi  by  experiment  that  in  the  case  of  the  division  of  a 
superficial  sensory  nerve,  the  neigh])0uring  cutaneous  nerves  which  communi- 
cate ^vith  the  terminal  branches  of  that  divided,  rapidly  assume  its  functions, 
so  that  sensibility  may  return  in  a  few  days  without  re])air  of  the  divided 
nerve.  After  the  division  of  a  compound  nerve,  the  nutrition  of  the  part 
supplied  by  it  is  seriously  modified.  It  becomes  cojigested,  bluish,  and  colder 
than  natural.  This  fall  of  temperature  is  often  veiy  marked.  Thus,  I  found 
in  a  woman  who  was  under  my  care  for  a  A\-ound  of  the  fore-arm,  by  which 
the  ulnar  nerve  had  been  divided,  that,  twenty-one  days  after  the  injury,  the 
temperature  between  the  ring  and  the  little  finger  of  the  injured  side  was 
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1)°  Fahr.  below  that  of  the  same  spot  in  the  opposite  hand.  Sometimes  the  part 
becomes  occlematous ;  the  skin  often  becomes  rough,  and  peels ;  or  in  other 
cases,  it  is  smooth,  red,  and  shining-,  the  nails  grow  badly,  and  are  brittle 
or  scaly.  Chilblains  readily  foim  from  slight  exposmre  to  cold,  and  they 
frequently  become  vesicular  or  slough,  leaving  sluggish  and  unhealthy  ulcers. 
Wounds  in  such  parts  heal  badly,  and  are  pecuharly  prone  to  be  affected  by 
unhealthy  spreading  inflanmaations.  If  the  patient  be  a  growing  child,  the 
development  of  the  affected  part  will  be  more  or  less  completely  arrested. 

The  changes  in  the  muscles  in  these  cases  are  of  great  importance.  From 
the  moment  the  nerve  is  divided,  all  voluntaiy  power  is  of  com'se  lost.  Ex- 
periments have  shown  that  up  to  the  fourth  day  in  mammals,  stimulation  of 
the  lower  end  of  the  divided  nerve  will  cause  contraction  of  the  muscles.  For 
about  the  same  time  in  the  human  subject  it  will  be  found  that  the  muscles 
respond  more  readily  than  natural  to  the  Faradic  current,  but  after  this  the 
irritability  of  the  muscles  to  the  current  becomes  gradually  less,  while  at  the 
same  time  they  waste  distinctly.  At  the  end  of  some  weeks,  the  muscles 
cease  entirely  to  respond  to  Faradism.  With  the  continuous  current  slowly 
interrupted,  the  course  of  events  is  as  follows :  first,  the  muscle  responds  too 
readily  for  a  few  days,  after  which  the  irritability  of  the  muscle  gradually 
diminishes  until  it  disappears  entirely.  This  takes  place,  however,  very  slowly, 
the  muscle  frequently  continuing  to  respond  to  the  continuous  cmTent,  slowly 
inteniipted,  for  many  months  after  the  Faradic  current  has  ceased  to  act. 
These  reactions  are  most  useful  guides  in  diagnosis,  jDrognosis,  and  treatment. 
As  the  muscles  become  flabby  and  wasted,  deformities  of  various  kinds  may 
ensue,  from  the  distm'bance  of  the  proper  balance  of  antagonism  between  the 
different  sets  of  muscles  of  the  limb. 

If  union  takes  place  between  the  opposite  ends  of  the  divided  nerve,  the 
various  phenomena  that  have  just  been  described  gradually  subside,  and  com- 
plete restoration,  first  of  sensation  and  afterwards  of  motion,  with  a  return  to 
the  normal  nutrition  of  the  part,  eventually  takes  place.  In  many  cases,  how- 
ever, especially  if  a  piece  of  the  nerve  have  been  removed,  or  if  the  wound  in 
which  it  has  been  divided  heal  by  the  second  intention,  recovery  fails  to  take 
place.  Sometimes,  under  these  circumstances,  the  nerve  at  the  seat  of  its 
division  becomes  implicated  in  a  mass  of  dense  cicatricial  tissue,  and  its  central 
end  becomes  bulbous,  just  as  in  similar  conditions  in  stumps,  and  it  may  then 
become  the  seat  and  the  source  of  the  most  intense  sufferings — neuralgic 
pains  darting  like  electric  shocks  downwards  to  the  terminal  branches  and 
upwards  along  the  trunk  of  the  affected  nerve. 

Pathology.— If  a  nerve  be  completely  divided  its  two  ends  retract  very 
slightly,  not  more  than  a  sixteenth  of  an  inch.  In  cases  that  have  been 
examined  at  a  later  period,  the  separation  has  been  found  to  have  increased 
to  about  a  third  or  half  an  inch,  or  even  more.  Degeneration  sets  in  in  the 
peripheral  end  about  four  days  after  it  has  been  cut  off  from  its  communica- 
tion with  the  nerve  centres.  The  medullary  sheaths  undergo  fatty  degenera- 
tion, and  more  or  less  completely  disappear  by  about  the  end  of  a  month.  In 
the  central  end  degeneration  does  not  set  in  for  a  much  longer  period.  When 
regeneration  of  the  nerve  takes  place  all  observers  are  agreed  that  the  first  step 
is  the  formation  of  a  bond  of  union  between  the  two  ends  composed  of  a  delicate 
spindle-cell  tissue,  which  connects  the  neurilemma  of  the  upper  end  with  that 
of  the  lower.    By  what  process  the  new  nerve-fibres  are  developed  in  this 
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mass  of  yonnp:  connective  tissue  is  still  doubtful,  but  most  observers  are  of  the 
opinion  that  they  arc  formed  by  a  growth  proceeding  from  the  axis-cylinder 
of  the  central  end.  After  the  bond  of  union  is  complete  before  the  nerve  can 
fully  resume  its  functions,  the  peripheral  end — which  has,  as  before  stated, 
undergone  a  certain  degree  of  degeneration — must  also  be  regenerated.  This 
process  proceeds  slowly  down  the  nerve  from  the  injured  spot.  The  restoration 
of  a  contused  or  divided  nerve  is  always  a  slow  process,  and  is  frequently  not 
complete  for  from  three  months  to  a  year. 

The  question  whether  nerves  can  heal  by  the  first  intention,  has  been  much 
debated  of  late  years.  If  the  term  be  used  in  the  sense  of  complete  restoration 
of  the  function  of  the  nerve  in  a  few  days,  there  is  no  evidence  to  show  that 
it  can  take  place.  On  the  other  hand  the  two  ends  can  doubtless  be  united 
by  young  connective  tissue  at  a  very  early  period,  and  the  more  closely  the 
ends  can  be  kept  in  apposition,  the  more  rapidly  will  the  fibres  of  the  central 
end  communicate  with  those  of  the  peripheral.  About  a  month  is,  perhaps, 
the  earliest  time  at  which  motor  power  will  return  after  division  of  a  nerve. 

Treatment  of  Injuries  causing  Interruption  of  the  Conducting 
Power  op  a  Nerve. — The  treatment  of  these  injuries  may  be  divided  into 
two  jiarts.  1st,  the  Local  treatment  of  the  injured  nerve,  and  2nd,  the  treat- 
ment of  the  Paralysed 2)a7-t. 

The  Local  Treatment. — In  cases  of  sulcutaneous  injury  nothing  can  be 
done.  It  may  be  taken  for  granted  that  although  the  nerve  may  be  com- 
pletely paralysed,  its  continuity  is  not  destroyed  by  any  subcutaneous  injury. 
On  dissecting  limbs  amputated  for^  the  most  severe  railway-  or  machinery- 
accidents,  the  nerves  are  almost  invariably  found  uutorn  in  the  midst  of  the 
crushed  tissues.  To  cut  down,  therefore,  in  a  subcutaneous  injury  with  the 
intention  of  suturing  the  nerve  would  be  a  grievous  error.  When  the  function 
of  the  nerve  is  abolished  by  pressure,  the  cause  of  pressure  must  be  removed 
if  possible,  as  by  the  cure  of  an  aneurism,  the  excision  of  a  tumour,  or  the 
reduction  of  a  dislocation.  When  the  cause  of  the  paralysis  is  the  i7nplimtion  of 
the  nerve  ifi  a  cicatrix  m-  in  the  callns  of  a  fracture,  nothing  should  be  done 
locally  until,  after  waiting  many  months,  it  becomes  evident  that  nature  will 
not  effect  a  cure.  It  will  be  very  rarely  found  necessary  in  such  cases  to 
adopt  any  operative  plan  of  treatment,  the  symptoms  disappearing  as  the  scar 
becomes  looser  with  age,  or  as  the  provisional  callus  of  the  fracture  is  absorbed. 
Warren,  however,  relieved  a  case  of  neuralgia  resulting  from  implication  and 
compression  of  a  nerve  by  condensed  cicatricial  tissue  by  dissecting  it  out  of 
the  midst  of  this  without  dividing  or  otherwise  injuring  it. 

In  cases  of  division  of  a  nerve  in  an  open  icound  no  doubt  exists  as  to  the 
proper  line  of  treatment — the  two  ends  of  the  nerve  should  be  found  and  care- 
fully secured  to  each  other  by  fine  sutures.  The  best  material  for  suture  is 
chromic  catgut,  as  it  is  desired  to  keep  the  ends  in  contact  only  for  a  few  days 
while  the  young  connective  tissue  which  forms  the  preliminary  bond  of  union  is 
being  developed.  Silk,  which  would  not  be  absorbed  for  many  weeks,  would  be 
very  likely  to  cause  some  irritation  and  possibly  severe  neuralgia.  The  needle 
should  be  either  a  common  darning  needle,  which,  if  necessary,  can  easily  be 
bent  into  a  curve  in  the  flame  of  a  spirit-lamp  and  hardened  again  by  being 
dipped  in  cold  water ;  the  ordinary  flat  surgical  needle,  with  its  cutting  edges, 
needlessly  damages  the  fibres  of  the  nerve.  Three  or  four  sutures  having  been 
applied,  according  to  the  size  of  the  nerve,  the  wound  must  be  closed  and  treated 
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by  some  antiseptic  method  if  possible  ;  union  by  the  second  intention  being  fatal 
to  success.  The  limb  must  be  put  in  such  a  position  as  completely  to  relax  any 
strain  on  the  nei-ve.  In  about  half  the  cases  treated  in  this  way  good  union 
will  be  obtained  with  restoration  of  function.  If  the  first  attempt  fail  fi'om 
suppuration  in  the  wound,  another  attempt  may  be  made  later  on  as  a  second- 
ary operation.  Lastly,  if  the  nerve  have  been  divided,  the  wound  long  healed, 
and  no  repair  have  taken  place,  a  secondary  operation  may  be  performed  with 
a  hope  of  success  even  at  a  very  remote  period  after  the  injury.  Such  opera- 
tions would,  however,  be  probably  useless  if  the  muscles  supplied  ])y  the 
affected  nerve  failed  to  respond  to  the  continuous  current  slowly  interrupted. 
The  operation  is  performed  by  exposing  the  nerve  freely.  Its  central  extremity 
will  usually  be  found  by  its  bulbous  condition,  which  can  readily  be  felt ;  the 
lower  end  is  often  atrophied  and  more  difficult  to  find.  The  ends  of  the  nerve 
may  then  be  pared,  so  as  to  remove  the  dense  scar-tissue  with  which  they  are 
covered,  but  no  more  should  be  taken  away  than  is  absolutely  necessaiy. 
After  this  they  are  sutured  as  in  a  fresh  wound.  This  operation  has  been 
successfully  performed  by  Jessop  in  a  case  of  wound  of  the  ulnar  nerve 
which  had  happened  some  years  before.  Wheelhouse,  in  1875,  cut  down  upon 
the  sciatic  nerve  in  a  case  in  which  it  had  been  wounded  by  a  scythe  nine 
months  previously.  The  limb  was  completely  paralysed  and  useless ;  the 
muscles  "were  much  wasted  and  their  electrical  irritability  almost  lost ;  the 
ends  were  two  inches  apart,  the  upper  large  and  bulbous,  and  the  lower 
slightly  atrophied.  The  bulb  was  removed  from  the  central  end,  and  both 
ends  pared  till  healthy  nerve-tissue  appeared,  and  then  brought  together 
with  fine  catgut  sutures.  It  was  only  by  flexing  the  knee  forciljly  that  the 
ends  could  be  got  into  sufficiently  close  apposition  to  allow  of  the  sutures 
being  tied.  Sensation  returned  in  about  a  month,  and  then  the  leg  was 
gradually  straightened.  The  sensibility  remained  unimpaired  and  motion 
returned  soon  after.  At  the  end  of  three  months  the  patient  could  walk  with 
the  aid  of  a  stick  ;  and  two  years  afterwards,  although  the  limb  had  not 
regained  its  full  size,  he  could  work  in  the  fields  and  -w  alk  without  artificial 
help. 

2.  Treatment  of  the  Paralysed  Limb. — In  all  tliose  cases  in  which  the 
nerve  is  not  completely  divided,  treatment  of  the  paralysed  parts  is  alone 
possible,  the  object  being  to  prevent  wasting  and  to  maintain  the  nutrition 
of  the  limb  in  such  a  way  that,  when  restoration  of  the  nerve  takes  place, 
the  muscles  shall  be  in  a  state  to  respond  to  the  influence  of  the  will.  More- 
over, much  can  be  done  by  judicious  treatment  to  maintain  the  tempera- 
ture, to  avoid  the  formation  of  chilblains  or  other  sores,  to  prevent  the 
development  of  deformities,  and  in  children  or  young  subjects  to  keep  up  the 
growth.  In  order  to  keep  up  the  nutrition  and  to  overcome  the  congestion 
which  is  always  met  with  in  the  paralysed  part,  it  must  be  made  of  a  healthy 
red  colour  at  least  twice  a-day.  There  is  no  more  efficient  means  of  doing 
this  than  by  the  use  of  the  continuous  electric  current.  The  sponge-holder 
connected  with  the  positive  pole  of  the  battery  may  be  applied  over  the  course 
of  the  nerves,  while  the  limb  is  freely  sponged  with  the  other.  At  the  same 
time  each  separate  muscle  should,  if  possible,  be  made  to  contract  by  slow 
interruptions  of  the  current.  In  a  minute  or  more  the  whole  paralysed  part 
will  become  bright  red.  In  the  absence  of  the  battery,  much  may  be  done  by 
properly  applied  rubbing  or  massage.    The  part  should  be  cai-efully  protected 
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by  warm  clothing,  and  the  patient  should  be  encouraged  to  use  it  as  much  as 
possible.  If  only  a  single  group  of  muscles  is  paralysed,  properly  designed 
apparatus  may  l)c  required  to  overcome  the  deformity  which  ensues,  but  this 
should  never  be  used  if  it  can  be  avoided,  as  it  interferes  to  some  extent  with 
the  use  of  the  limb. 

Traumatic  Neuritis. — This  disease  may  follow  almost  any  injury  of  a 
nerve.  It  is  most  common  in  civil  practice  as  the  result  of  bruises  or  strains, 
and  is  sometimes  connected  with  gout  or  rheumatism.  1\\  wounds  it  seldom 
arises  unless  union  has  taken  place  by  the  second  intention  with  unhealthy 
inflammation  and  suppuration ;  and,  consequently,  it  is  a  rare  affection  in 
amputation-stumps.  In  gun-shot-wounds,  in  which  the  nerves  are  often 
contused  and  partially  divided  and  in  which  the  wound  almost  always  heals 
with  suppuration,  it  is  more  common. 

Pathology. — The  disease  consists  essentially  of  a  chronic  inflammation 
slowly  ascending  the  nerve,  with  thickening  of  the  neurilemma  and  over- 
gTowth  of  the  interfascicular  areolar  tissue.    The  accompanying  drawing 


Fi"-.  169.  Section  from  Lower  Cord  of  Brachial  Plexus  near  Intervertebral  Foramina,  showing  the  lesions 

"  of  Chronic  Neuritis. 

a.  Secondaiy  fasciculi,  showing  atrophied  fibres  (circles  not  much  larger  nnder  300  diam.  than 
tliose  of  normal  nerve  under  05  diam.) ;  very  few  axis-cyliuders  present.  Tissue  between 
fil)res  increased. 

a'.  Small  aggregation  of  fibres,  separated  from  otliers  by  dense  inter-flbrillar  connective  tissue. 
h.  Immensely  hM'ertnjphied  iiiter-fascieular  areolar  tissue.     Sheatlis  of  fasciculi  no  longer 
distinct. 

c.  Dilated  blood-vessels  surrounded  by  altered  connective  tissue. 

d.  Yellow  granidai-  pigment  lying  in  areolar  tissue,  mostly  in  neighbourhood  of  vessels  (Sands  and 

Seguiu). 

(Fig.  IGO),  from  a  case  in  which  Drs.  Sands  and  Seguin,  of  New  York, 
excfsed  the  cords  which  go  to  form  the  brachial  plexus,  close  to  the  inter- 
vertebral foramina,  illustrates  well  this  compression  of  the  nervous  structures 
by  dense  masses  of  interfascicular  areolar  tissue  greatly  hypertrophied,  and 
permeated  by  dilated  blood-vessels.  In  extreme  cases  the  disease  is  said  to 
extend  to  the  cord,  and  give  rise  to  sclerosis  of  the  cord. 
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Symptoms. — The  symptoms  of  traumatic  neuritis  are  intense  pain  and 
tenderness  in  the  line  of  the  affected  nerve.  Sensation  is  variously  modified 
in  the  parts  supplied  by  the  nerve ;  there  may  be  numbness,  or  tingling,  or 
ana3sthesia ;  in  other  cases  there  may  be  intense  neuralgic  pain.  Occasionally 
there  are  spasms,  but  more  commonly  there  is  weakness  or  paralysis  of  some 
of  the  muscles  supplied.  Poore  has  showu  that  in  a  considerable  j)roportion 
of  the  cases  Avhich  have  come  under  his  care  for  loss  of  writing-power,  tender- 
ness has  been  found  in  the  course  of  some  one  or  more  of  the  nerves  of  the 
arm,  and  on  tracing  the  history,  the  origin  of  the  affection  was  frequeutly 
found  to  be  a  strain  or  other  injury.  In  another  case  recorded  by  him,  the 
whole  brachial  plexus  in  the  axilla  became  intensely  tender  after  a  violent 
strain  of  the  shoulder.  The  patient's  sufferings  were  very  great,  and  nothing- 
gave  him  much  relief.  At  last,  after  prolonged  rest,  the  symptoms  subsided, 
and  it  was  then  found  that  the  serratus  magnus  was  paralysed.  Finally, 
this  also  recovered.  In  hysterical  patients  the  symptoms  are  often  greatly 
exaggerated. 

Treatment. — In  the  early  and  painful  stage  of  the  disease,  electricity  does 
no  good,  in  fact  it  may  aggravate  the  mischief.  The  tender  nerves  should  be 
freely  blistered,  and  the  affected  limb  put  at  perfect  rest.  If  any  constitutional 
condition  as  gout,  rheumatism,  or  syphilis  can  be  found,  it  must  be  treated  by 
appropriate  means.  These  cases  are  always  chronic,  often  lasting  many 
months  before  the  symptoms  disappear.  In  others,  all  milder  means  having 
failed,  surgical  operations  of  various  kinds  have  been  undertaken  for  the  relief 
of  the  patient.  These  operations  are  of  three  kinds: — 1.  Excision  of  the 
bulbous  ends  of  the  nerves  in  cases  of  nem-itis  following  am]3utation ;  2. 
Division  or  excision  of  a  portion  of  the  affected  nerve ;  and  3.  Nerve- 
stretching. 

1.  Excision  of  tlie  Bulbous  Ends  of  the  Nerves. — This  has  been 
undertaken  usually  under  the  impression  that  the  bulbous  end  was  the  seat  of 
the  mischief.  In  some  cases  no  doubt  a  painful  stump  is  due  to  implication 
of  the  end  of  the  nerve  in  the  cicatrix,  and  then  relief  is  given  by  the 
operation.  If  the  symptoms  are  however  due  to  true  chronic  ascending 
neuritis,  this  operation,  although  occasionally  gi%ing  relief  for  a  short  time,  is 
never  productive  of  a  cure. 

2.  Division  or  excision  of  portions  of  the  Nerve. — The  smaller  nerves 
of  the  limbs  have  been  repeatedly  divided  or  partially  excised,  in  cases  of 
persistent  traumatic  neuralgia.  The  larger  ner\-ous  trunks,  such  as  the 
median,  musculo-spiral,  and  uhiar,  have  been  treated  in  the  same  way  in  the 
upper ;  and  the  external  popliteal,  and  even  the  sciatic  nerve  in  the  lower 
limb,  has  been  partially  excised  as  a  last  resource  in  extreme  cases.  These 
operations  have  in  some  cases  effected  a  permanent  cure,  in  others  they  have 
been  followed  by  temporary  relief  only. 

It  was  reserved  for  Sands,  of  New  York,  to  remove  a  section  of  the  whole 
brachial  plexus  close  to  the  exit  of  the  nerves  from  the  spinal  column.  This 
was  done  in  a  lad  aged  eighteen,  whose  right  arm  had  been  seriously  injured 
in  firing  a  salute.  The  arm  was  amputated,  but  the  patient  suffered  the  most 
agonizing  torture  from  chronic  nerve-lesion  high  up  in  the  limb.  So  great 
were  his  sufferings  that  he  became  uncontrollable  in  his  actions,  and,  though 
perfectly  sane,  gave  way  to  fits  of  the  most  intense  excitement.  The  opera- 
tion consisted  in  making  an  incision  along  the  outer  border  of  the  ri^^ht 
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sterno-mastoid,  and  a  transverse  one  following  the  line  of  the  clavicle. 
The  J-shapcd  flap  was  turned  up,  the  carotid  sheath  and  its  contents  carried 
to  one  side,  and  the  brachial  plexus  exposed.  Pieces  fully  a  cpiarter  of  an  inch 
in  length  were  cut  out  from  the  four  lower  cervical  and  first  dorsal  nerves,  and 
from  one  of  these  Fig.  1G9  was  taken.  Considerable  improvement,  though  not 
complete  relief  from  suffering,  followed  the  operation. 

3.  Nerve-stretching.— The  operation  of  nerve-stretching  was  introduced 
by  Xussbaum  originally  as  a  mode  of  treating  intense  neuralgia  following 
injury.  In  a  case  of  this  kind  affecting  the  arm,  and  resulting  from  gun-shot 
injury,  he  cut  down  and  stretched  the  ulnar  nerve,  then  the  nerves  surround- 
ing the  brachial  artery,  and  lastly,  the  brachial  plexus,  itself  puUiug  vigorously 
on  the  nervous  cords.  The  result  was  a  perfect  cure.  Since  then  the  opera- 
tion has  been  performed  on  nerves  in  all  parts  of  the  body  and  for  a  great 
variety  of  diseases,  but  it  will  be  perhaps  most  conveniently  described  here. 

Under  the  name  of  nerve-stretching  two  distinct  operations  are  included. 
In  operating  on  the  larger  trunks  the  nerve  is  exposed,  cleanly  isolated  for  an 
inch  or  more,  and  forcibly  stretched  either  by  passing  the  finger  beneath  it,  as 
in  the  case  of  the  sciatic,  or  by  means  of  a  hook  ;  but  on  account  of  the  great 
size  and  strength  of  the  nerve  its  power  of  conduction  is  never  completely 
destroyed,  even  if  considerable  force  be  used,  although  there  may  be  some 
modification  in  its  function.  In  operation  on  the  smaller  nerves,  as  the  facial, 
the  nerve  is  exposed  and  stretched  with  a  hook,  and  it  will  always  be  found, 
if  moderate  force  be  used,  that  conducting  power  is  as  completely  abolished 
as  if  the  nerve  had  been  divided.  This  operation  is  therefore  equivalent  to 
division,  the  only  difference  being  that,  as  the  continuity  of  the  nerve  is  not 
destroyed,  restoration  of  ftmction  is  certain  to  take  place  sooner  or  later. 
In  the  former  case  the  mode  of  action  is  doubtful ;  but  it  has  been  suggested 
that  it  acts  by  breaking  down  adhesions  which  have  been  formed  amongst 
the  fibres  of  the  nerve  and  between  them  and  surrounding  parts  during  a  past 
attack  of  neuritis.  In  the  latter  case,  the  period  of  rest  given  by  temporary 
interruption  of  the  function  of  the  nerve  may  relieve  the  disease  for  which 
the  operation  is  undertaken. 

Since  Nussbaum's  operation,  nerve-stretching  has  been  frequently  repeated 
with  very  variable  results.  Amongst  the  earliest  cases  in  Loudon  was  one  in 
which  Callender  successfully  stretched  the  median.  At  University  College 
Hospital,  Marcus  Beck  stretched  the  cords  of  the  brachial  plexus  above  the 
clavicle  in  a  case  of  intense  neuralgia  and  spasm  of  the  stump  after  amputation 
at  the  shoulder-joint.  The  bulbous  extremities  of  the  nerves  had  been  twice 
before  excised  from  the  axilla.  This  case  was  probably  one  of  genuine  chronic 
neuritis,  possibly  extending  even  to  the  cord,  and  the  operation  completely  failed 
to  give  any  relief.  Js'erve-stretching,  however,  being  devoid  of  danger  and 
certain  not  to  make  the  patient  worse,  may  be  adopted  without  hesitation  in 
all  cases  in  which  there  is  a  possible  chance  of  its  giving  relief. 

INJUEIES  OF  MUSCLES  AND  TENDONS. 

CoxTUSiONS.— Muscles  are  frequently  bruised  by  violent  blows  or  falls,  a 
few  fibres  being  often  ruptured.  The  chief  signs  of  this  injury  are  a  sense  of 
inability  to  use  the  muscles  and  great  pain  on  attempting  to  do  so.  There 
is  tenderness  on  pressure  over  the  bruised  spot,  but  passive  movements  do  not 
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cause  pain  so  long  as  they  do  not  put  the  injured  fibres  on  the  stretch.  By 
careful  attention  to  these  points,  it  is  easy  to  distinguish  these  injuries  from 
fi-actures  of  neighbouring  bones  which  they  sometimes  resemble — especially  in 
the  neighbourhood  of  the  shoulder-joint. 

Sprains  or  Strains  of  nmscular  parts,  without  rupture  of  fibres,  are  of  very 
common  occiu'rence,  especially  about  the  shoulders,  hip,  and  loins,  and  are 
accompanied  by  much  pain,  stiflFness,  and  inability  to  move  the  j)art.  When 
they  occur  in  rheumatic  su])jects,  these  injuries  not  uncommonly  give  rise  to 
severe  and  persistent  symptoms  ;  painful  atrophy,  rigidity,  or  local  paralysis 
of  the  injured  muscle  being  in  some  cases  induced.  It  is  then  often  difficult 
to  determine  how  much  is  due  to  the  direct  strain  of  the  muscle,  and  how 
much  to  chronic  neuritis  resulting  from  a  simultaneous  strain  of  the  nerves. 
AYhen  complete  atrophy  of  a  muscle  preceded  by  much  pain  follows  a  strain,  it 
is  probable  that  the  nerves  have  been  implicated  in  the  injury. 

In  the  Treatment  of  these  accidents,  when  recent,  it  "will  be  found  that 
kneading  or  rubbing  the  part  with  a  stimulating  embrocation  gives  relief,  but, 
if  the  pain  be  severe,  the  application  of  hot  fomentations  with  rest  is  more 
efficient.  In  the  later  stages,  blisters  applied  to  the  points  at  Avhich  the  pain 
is  most  severely  felt  are  often  beneficial.  If  the  injury  occur  in  persons  of  a 
rheumatic  constitution,  the  effects  are  much  more  severe  and  persistent  than 
in  those  Avho  are  otherwise  constituted.  In  such  j)ersons,  douches,  frictions, 
and  passive  motion  will,  after  a  time,  be  necessary,  together  with  proper 
constitutional  treatment.  In  strumous  subjects,  a  sprain  may  lead  to  the 
development  of  very  serious  articular  inflammation. 

Muscles  that  have  been  sprained  sometimes  undergo  a  species  of  rigid  atrophy, 
with  much  impairment  of  motion  of  the  limb  or  joint.  In  such  cases,  frictions, 
douches,  and  above  all,  electricity,  Avill  be  found  useful. 

Rupture  op  the  Sheath. — It  occasionally  happens  that  the  muscular 
sheath  is  ruptured,  so  that  the  belly  of  the  muscle  forms  a  kind  of  hernial  pro- 
trusion through  the  aperture  ;  or  the  tendon  may  be  displaced  by  rupture  of 
its  sheath.  This  usually  happens  with  the  biceps,  or  the  extensors  of  the 
fingers  or  rectus  femoris. 

Dislocation  or  Displacement  of  Muscles  and  Tendons. — The  long 
slender  muscles  of  the  forearm,  and  the  complicated  muscles  of  the  back  with 
their  innumerable  interdigitating  tendons  and  bellies,  and  all  tendons  lying  in 
grooves  in  bones  are  liable  to  be  displaced  by  some  sudden  and  unusual  move- 
.ment.  The  accident  is  popularly  spoken  of  as  a  "rick."  The  characteristic 
features  of  tlie  accident  arc,  that  during  some  forcible  movement  the  patient 
feels  a  sudden  severe  pain,  localized  to  a  single  spot,  and  at  the  same  time  he 
finds  himself  unable  to  execute  certain  movements.  The  Surgeon  in  the 
majority  of  cases  by  careful  examination  and  by  finding  out  exactly  what 
movement  causes  the  pain,  will  be  able  to  ascertain  which  is  the  affected 
muscle.  In  the  case  of  the  slipping  out  of  a  superficial  tendon,  the  displaced 
part  may  be  felt  moving  in  its  abnormal  situation.  Calleuder  laid  down  the 
following  rules  for  the  treatment  of  this  injury.  First,  guided  by  the  pain, 
decide  as  to  the  muscle,  or  digitation  of  a  muscle,  probably  the  seat  of  the 
injury.  Secondly,  relax  the  muscle  as  far  as  possible  by  putting  the  part  in 
the  position  which  would  be  induced  by  its  full  contraction.  Thirdly,  by  timi 
manipulation,  such  as  by  rubbing  with  the  hand,  or  by  kneading  with  the 
thumb,  endeavour  to  replace  it.    Fourthly,  if  this  fail,  make  pressure  over  the 
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part  whilst  you  make  the  patient  contract  the  muscle,  or  if  he  cannot  do  this, 
put  the  part  suddenly  in  such  a  position  as  to  stretch  the  muscle.  These 
manipulations  must  be  done  without  an  anossthetic,  as  we  need  o-uidance  fi-om 
che  sensations  of  the  patient  and  action  t)f  the  affected  muscle.  Replacement 
is  seldom  possible  after  two  or  three  weeks.  If  the  condition  is  left  unrelieved 
uhe  parts  seem  to  accommodate  themselves  to  their  new  positions,  and  the 
pain  subsides,  but  some  permanent  weakness  may  remain.  The  accident  is 
always  likely  to  recur,  even  if  the  displacement  has  been  successfally  reduced. 

The  following  are  the  chief  situations  in  which  this  accident  has  been  met 
witli. 

The  Long  Tendon  of  ilip  Biceps.  Callender  described  a  case  of  this  accident. 
There  was  great  pain  and  inability  to  move  the  biceps  or  even  the  shoulder-joint. 
The  shoulder  seemed  to  droop  forwards.  The  tendon  could  be  felt  lying  at 
the  inner  side  of  its  groove.  It  could  be  replaced,  but  no  treatment  would 
keep  it  there. 

Various  Tendons  at  the  Wrist  have  been  displaced.  They  are  usually 
replaced  without  difficulty  by  the  means  above  described.  The  parts  must  be 
kept  fixed  for  about  two  weeks,  by  means  of  splints  and  properly  arranged 
pads. 

The  Small  JIusdes  of  the  Back,  or  of  the  back  of  the  neck,  are  occasionally 
displaced,  l^eplacement  can  best  be  effected  by  firm  pressure  over  the  painful 
spot,  while  the  patient  carries  out  the  movement  that  gives  him  pain. 

The  Tendon  of  the  Feroneus  Longus  may  slip  out  of  its  sheath  behind  the 
outer  ankle,  the  sheath  being  torn  in  some  violent  twist  of  the  foot  inwards. 
The  accident  is  liable  to  recur,  and  is  often  a  source  of  much  discomfort  and 
temporary  lameness.  The  treatment  consists  in  the  first  instance  of  absolute 
fixity  of  the  foot  for  some  weeks  in  plaster  bandages  or  splints,  to  give  time 
for  the  sheath  to  consolidate.  To  prevent  recurrence,  a  spring  clip  sliould  be 
worn,  so  as  to  press  tiie  tendon  against  the  fibula. 

Rupture  axd  Division. — Subcutaneous  rupture  of  muscles  and  tendons 
not  unfrequently  occurs,  not  so  much  from  any  external  violence,  as  from  the 
contraction  of  the  muscle  ruptm'ing  its  own  substance.  The  rupture  may 
occur  at  one  of  four  points  :  in  the  muscular  substance  itself  ;  at  the  line  of 
junction  between  the  muscle  and  tendon  ;  through  the  tendon  ;  and,  lastly,  at 
the  point  of  insertion  of  the  muscle  or  tendon  into  bone.  Sedillot  found  that, 
in  21  cases,  the  rupture  occurred  at  the  point  of  origin  of  the  tendon  from  the 
muscle  13  times  ;  and  in  the  remaining  8,  the  muscle  itself  was  torn. 

These  ruptures  occur  most  commonly  in  middle-aged  or  elderly  men,  who 
have  lost  the  elasticity  of  youth,  though  their  j)hysical  strength  is  unimpaired. 
At  the  moment  of  rupture,  the  patient  usually  experiences  a  sudden  shock, 
as  if  he  had  received  a  blow,  and  sometimes  hears  a  snap.  He  becomes  unable 
to  use  the  injured  limb,  and  at  the  part  where  the  rupture  has  occurred  he 
finds  a  hollow  or  pit,  produced  by  the  retraction  of  the  ends  of  the  torn 
muscle,  the  belly  of  which  contracts  into  a  hard  lump. 

These  accidents,  though  troublesome,  are  seldom  serious.  The  tendo 
Achillis,  the  quackiceps  extensor  of  the  thigh,  the  triceps  of  the  arm,  the 
biceps,  the  deltoid,  the  rectus  abdominis,  are  the  tendons  and  muscles  that 
most  commonly  give  way,  with  the  relative  frequency  of  the  order  in  Avhich 
they  are  placed. 

Muscles  and  tendons  may  be  cut  across  accidentally  or  purposely  in  almost 
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any  part  of  the  body.  In  these  injuries  there  is  always  a  considerable  amount 
of  gaping  of  the  wound,  owing  to  the  retraction  of  both  ends,  -if  a  muscle  be 
divided,  and  of  the  muscular  end  only,  if  a  muscle  be  separated  from  its  tendon 
or  the  tendf)n  cut  across. 

Union.— n\Q  mode  of  union  of  these  injuries  has  been  well  described  by 
Paget.  When  a  tendon  is  cut  across,  the  space  between  the  ends  is  immedi- 
ately filled  by  a  blood  clot.  Exudation  rapidly  follows  from  the  vascular 
sheath  and  areolar  tissue  in  the  neighbourhood,  the  clot  is  penetrated  by  the 
wandering  cells,  and  is  soon  decolourized  and  absorbed,  till  on  the  third  day  its 
place  is  occupied  by  a  soft  greyish-pink  mass,  extending  also  into  the  sheath 
and  surrounding  the  cut  ends  of  the  tendon.  This  mass  will  be  found  to 
be  composed  of  small  round  cells,  with  a  homogeneous  intercellular  substance', 
mixed  with  which  may  be  here  and  there  seen  some  remains  of  the  blood-clot. 
New  vessels  penetrate  it  from  without,  and  it  afterwards  undergoes  the  ordinary 
changes  observed  in  the  development  of  granulation-tissue  into  fibrous-tissue. 
By  experiments  upon  animals,  Paget  showed  that  by  about  the  fom'th  or  fifth 
day  the  bond  of  union  has  become  more  defined  in  outline,  and  forms  a  distinct 
cord-like  mass  between  the  ends  of  the  tendon,  and  the  microscope  shows  that 
the  cells  have  lengthened  out  and  become  spindle-shaped,  so  that  the  tissue 
appears  fibrillated  ;  in  the  course  of  two  or  three  more  days,  it  becomes  tough 
and  filamentous  ;  after  this  the  tissue  gradually  perfects  itself,  until  it  closely 
resembles  tendinous  structure,  though  for  some  time  it  remains  dull  white  and 
more  cicatricial  in  appearance.  The  strength  of  this  bond  of  union  is  mar- 
vellously great ;  Paget  found  that  the  tendo  Acliillis  of  a  rabbit,  six  days  after  ' 
its  division,  required  a  weight  of  20  lbs.  to  rupture  it.  In  ten  days  the  break- 
ing weight  was  56  lbs.  Divided  muscles  unite  in  the  same  way  as  tendons, 
but  less  quickly,  and  by  fibrous  cicatricial  bonds  ;  Weber,  Gussenbauer  and 
others  have,  however,  recorded  observations  which  tend  to  show  that  under  ' 
favourable  conditions,  gradual  regeneration  of  muscular  tissue  may  take  place 
in  the  scar. 

Treatment. — The  principle  of  treatment  in  these  cases  when  the  injury  is 
subcutaneous  is  extremely  simple  :  it  consists  in  relaxing  the  muscles  by 
position,  so  as  to  approximate  the  divided  ends  ;  and  in  maintaining  the  limb 
in  this  position  for  a  sufficient  length  of  time  for  proper  union  to  take  place. 
If  muscular  relaxation  be  not  attended  to,  the  uniting  bond  will  be  elongated  - 
and  weak,  and  perhaps  altogether  inefficient.  Stiffness  and  weakness  are  often 
left  for  a  length  of  time — for  many  months,  indeed — after  union  has  taken 
place  ;  very  commonly,  owing  to  the  adhesion  of  the  divided  tendon  to  its 
sheath,  and  of  this  to  the  neighbouring  soft  structures.  Warm  sea-water- 
douches,  followed  by  methodical  friction,  will  greatly  tend  to  restore  the 
suppleness  of  the  parts.  If  the  stiffness  does  not  readily  yield  to  milder  treat- 
ment, the  adhesions  must  be  broken  down  by  forcible  movement  of  the  part 
under  an  antesthetic.  By  the  end  of  one  month  after  the  injury,  there  will  be 
no  fear  of  tearing  through  the  bond  of  union  while  so  doing. 

Tendons  or  muscles  divided  in  an  open  wound  must  be  treated  by  immediate 
suture.  Either  chromic  catgut  or  antiseptic  sillc  sutures  may  be  used,  the 
former  being  preferable  ;  the  wound  should  be  closed  over  them,  the  limb 
placed  in  such  a  position  as  to  relax  the  tendon,  and  every  effort  made  to 
obtain  union  by  the  first  intention.  If  suppuration  takes  place  between  the 
ends  of  a  divided  tendon,  the  bond  of  union,  if  any  is  developed,  is  almost 
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Fig.  170.— Strap  fox  Rup- 
ture of  the  tendo  Achillis. 


always  imperfect,  and  the  divided  euds  form  the  most  hopelessly  firm  adhesions 
to  the  surroimdiug  parts.  Should  septic  pus  form  in  the  wound,  there  is  great 
risk  of  its  burrowing  widely  in  the  sheath,  or  in  the  loose  areolar  tissue'  sur- 
rounding the  divided  tendon,  an  accident  which  may  be  followed  by  sloughing 
of  the  tendon,  or  which,  if  that  be  avoided,  must  necessarily  lead  to  the  forma- 
tion of  extensive  and  dense  adhesions. 

Injuries   of   Special   Muscles   and  Tendons.— When  the  tendo 
Achillis  is  ruptured,  the  best  mode  of  treatment  consists  in  the  application 
of  an  apparatus  formed  of  a  dog-collar  placed  ro.und  the  thigh  above  the  knee, 
from  which  a  cord  is  attached  to  a  loop  in  the  back  of 
.  a  slipper  ;  by  shortening  this  cord,  the  leg.  is  bent  on 
the  thigh,  and  the  foot  extended,  so  that  the  muscles  of 
the  calf  become  completely  relaxed  (Fig.  170).  After 
this  simple  apparatus  has  been  used  for  two  or  three 
weeks  the  patient  may  be  allowed  to  go  about,  wearing 
'  a  high-heeled  shoe  for  some  weeks  longer. 

The  Quadriceps  Extensor  of  the  Thigh  may  be 
torn  away  from  the  insertion  into  the  patella,  or  the 
tendon  of  the  rectus  may  be  ruptured  about  an  inch 
above  this.  Such  an  accident  occurs  in  the  same  Avay 
that  a  patella  is  broken  across,  namely,  by  a  violent 
muscular  effort  to  prevent  falling  whilst  the  knee  is 
semi-flexed.  Under  these  circumstances  one  of  three 
things  wdl  happen  ;  the  tendon  of  the  rectus,  the  patella, 
or  the  ligamentum  patellas,  will  give  way.  More  com- 
monly the  patella  is  broken  across  ;  next  the  tendon  gives  way,  and  less 
frequently  the  ligament.  When  the  tendon  gives  way  the  signs  are  un- 
mistakcable.  The  patient  fahs  on  the  ground,  is  unable  to  raise  or  stand 
on  the  injured  limb,  and  a  distinct  gap  occasioned  by  the  retraction  of 
the  muscle  can  be  felt  above  the  patella  between  the  fleshy  masses  of  the 
vasti,  which  are  very  rarely  torn.  The  accident  is  usually  followed  by 
some  swelling  of  the  joint.  Owing  to  the  gi'eat  distance  to  which  the  upper 
end  of  the  torn  tendon  is  retracted,  union  may  fail  to  take  place,  l)ut  even  if 
this  does  occur,  the  attachments  of  the  vasti  remaining  intact,  the  patient 
suffers  but  little  inconvenience. 

The  Ligamentum  Patella  is  rarely  ruptured.  When  it  has  given  way  the 
patella  is  dra^vn  up  and  a  deep  gap  is  left  below  it. 

The  Treatment  both  of  rupture  of  the  tendon  and  of  the  ligament  is  the 
same  as  that  of  fractured  patella,  viz.,  elevation  of  the  limb,  supported  on  a  back 
splint  in  the  extended  position  at  an  angle  of  about  135°  with  the  body.  This 
must  be  continued  for  several  weeks,  when  the  patient  may  be  allowed  to  get 
about  with  the  joint  protected  by  a  knee-cap.  In  three  or  four  cases  of  this 
accident  which  I  have  seen,  somewhat  troublesome  stiffness  of  the  parts  has 
long  been  left. 

In  Rupture  of  the  Muscles  or  Tendons  of  the  Arms  or  Shoulder 

support  in  a  sling  is  all  the  special  treatment  needed.  When  the  muscles 
about  the  shoulder  are  the  seat  of  injury,  rapid  atrophy  is  apt  to  ensue,  pro- 
bably owing  to  the  implication  of  the  circumflex  and  suprascapular  nerves, 
and  consequent  interference  with  the  nutrition  of  the  part.  Fig.  171  is  a 
good  illustration  of  the  remote  effects  of  such  a  strain  of  the  capsular  muscles 
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of  the  shoulder-joint.  In  tliis  case  the  accident  arose  from  severe  dragging 
upon  the  arm  by  the  reins  of  a  runaway  horse. 

In  division  of  the  Extensor  Tendons  of  the  Fingers — a  very  common 
accident — the  tendons  should,  if  possible,  be  sutured,  and  the  hand  must  be 

kc]it  extended  on  a  straight  splint  for  three  weeks, 
until  perfect  union  has  taken  place. 

The  Plexor  Tendons  of  the  fingers  may  also 
be  divided.    In  these  cases  the  phalanges  cannot 
Ci^i:        ^1  heixt,  the  fingers  stretching  out  straight.  The 

^   ^  *  only  treatment  consists  in  flexing  the  linger  fully 

into  the  palm  of  the  hand,  where  it  must  be  re- 
tained by  strips  of  plaster. 

Laceration  of  the  Rectus  Abdominis  Muscle 
may  occiu-  in  the  efforts  of  childbirth,  or  from  blows 
upon  the  abdominal  wall ;  a  ventral  hernia  being 
the  consequence.  Guthrie  relates  several  remarkable 
cases  occurring  in  militaiy  practice,  of  progressive 
atrophy  of  a  part  of  the  muscular  wall  of  the  ab- 
domen following  blows. 

nider's  Sprain  may  occur  in  two  situations — 
in  the  adductors,  and  in  the  internal  rotators  of 
the  femur.  It  is  more  commonly  met  with  in  the 
adductors.  It  consists  in  a  laceration  of  some  of 
the  muscular  fibres  or  of  the  fascia  covering  the  muscles.  It  is  due  to  a 
violent  or  spasmodic  contraction  of  these  muscles  when  the  rider  is  in 
danger  of  losing  his  seat.  The  pain  is  very  great.  The  grip  is  lost,  and 
the  sufferer  is  unable  to  ride.  When  the  internal  rotatoi's,  or  some  of  the 
capsular  muscles  of  the  hip-joint  are  the  seats  of  the  sprain,  the  pain  and 
disability  are  referred  to  the  back  of  the  trochanter. 

The  Treatment  consists  in  rest,  and  the  use  of  a  spica  strap  or  bandage, 
with  a  pad  over  the  injured  muscle,  so  as  to  compress  it  and  control  its  action. 


Pig. 


171. — Atrophy  of  Cansular 
Muscles  of  Slioiildei'. 
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CHAPTER  XIX. 


INJURIES  OF  BONES  AND  JOINTS. 


INJURIES  OF  BONES. 

A  BONE  may  be  bruised,  bent,  cut,  or  fractured. 

Bruising  of  the  Bone  and  Periosteum  often  occurs,  and  is  usually  of 
no  great  nionieut.  A  moderate  contusion,  however,  of  a  bone  that  is  but 
thinly  covered,  as  the  shin  or  elbow,  may  give  rise  to  troublesome  symptoms 
fi'om  inflammation  of  the  periosteum.  If  the  contusion  be  severe,  the  vitality 
of  a  layer,  or  even  of  the  whole  substance  of  the  bone,  may  be  destroyed,  as 
happens  sometimes  from  the  graze  or  contusion  of  a  bullet ;  or  the  bone  may 
become  deeply  inflamed,  and  suppuration  take  place  in  its  cancellous  stiiicture. 
In  old  people,  the  contusion  of  a  bone  is  frequently  followed  by  atrophy  and 
shortening,  as  happens  in  the  neck  of  the  femur  ;  in  strumous  constitu- 
tions, it  may  lead  to  serious  disease  of  the  bone,  ending  in  its  comj^lete 
disorganization. 

In  the  Trecdmeiit  of  bruised  bone,  immediate  relief  may  be  afforded 
by  leeches,  fomentations,  or  the  application  of  warm  lead  and  opium  lotion. 
At  a  later  period,  and  more  especially  if  the  pain  be  severe  at  night, 
iodide  of  potassium  may  be  useful.  There  is  a  very  troublesome  condition 
following  a  graze  of  the  shin,  with  bruise  of  the  periosteum  and  tibia,  in 
which  the  slight  abrasion  does  not  heal  readily,  and  the  periosteum  becomes 
thickened  and  pulpy.  In  these  cases,  rest  of  the  limb,  the  ajiplication  of  lead 
lotion,  the  support  of  a  bandage,  and  the  administration  of  the  iodide  with  bark 
will  be  found  to  afford  great  relief.  The  consequences  of  bruise  will  be  con- 
sidered when  we  come  to  speak  of  necrosis. 

Bending  of  Bone  may  occur  in  two  conditions,  viz. :  without  or  with 
fracture.  Bending  without  fracture  is  most  commonly  met  with  in  very  young 
subjects,  before  the  completion  of  ossification  ;  the  bone  being  healthy,  but 
naturally  soft,  at  this  period  of  life.  It  occasionally  takes  i)lace  in  adult  life, 
but  is  then  the  result  of  some  structm-al  change,  by  which  the  natural  firmness 
of  the  osseous  tissue  is  diminished.  The  bending  most  commoidy  occurs  in 
the  long  or  slender  bones,  especially  the  clavicle,  the  radius,  and  the  femur, 
but  sometimes  is  met  with  in  the  flat  bones,  or  those  of  the  skull,  in  which 
depression  takes  place  from  a  blow  without  fracture  having  occurred.  In 
many  cases  of  bending  both  of  long  and  of  flat  bones,  there  is  partial  fracture 
on  the  convex  side— the  "  green-stick  fracture"  (see  page  500). 

The  Treatment  is  simple  :  the  Surgeon  gradually  straightens  the  bone,  by 
applying  a  splint  on  its  concave  side,  towards  which  the  bone  is  pressed  by  a 
bandage  and  a  ])ad  applied  upon  its  greatest  convexity. 

Fractures  will  be  described  in  the  following  two  chapters. 
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INJURIES  OF  JOINTS. 

Contusions. — Joints  are  often  contused  by  kicks,  falls,  or  blows,  so  as  to 
be  severely  injured,  with  much  pain,  and  consecutive  inflammation  of  the 
capsule,  synovial  membrane,  or  other  strnotm-es  entering  into  their  formation. 
As  a  result  of  contusion  the  joint  may  be  suddenly  distended  with  blood, 
hmnarthrosis.  The  blood  so  efPused,  mixed  as  it  always  is  with  much  synovia, 
slowly  undergoes  absorption,  without  leading  to  any  inconvenience. 

The  Treatment  should  consist  of  complete  rest  of  the  part  with 
the  application  of  a  splint.  An  evaporating  lotion  or  an  ice-bag  may  be 
applied  over  the  joint.  Should  the  amount  of  effusion  be  very  considerable 
the  tension  of  the  joint  and  the  consequent  pain  may  be  at  once  relieved  by 
remo\ang  the  eifused  blood  by  means  of  the  aspirator.  Before  inserting  the 
needle  it  is  safer  to  wash  it  through  several  times  with  a  1  in  20  solution  of 
carbolic  acid,  and  care  must  be  taken  to  keep  the  needle  perfectly  steady  while 
it  is  in  the  joint. 

In  some  cases  a  bursa,  situated  in  the  neighbourhood  of  a  joint,  is  scrionsly 
bruised,  and  becomes  inflamed  :  in  consequence,  there  is  often  troublesome 
suppuration.  When  this  takes  place,  free  incision  into  the  inflamed  part, 
with  antiseptic  treatment,  will  afford  speedy  and  effectual  relief  to  the  patient. 

Sprains. — When  a  joint  is  twisted  violently  so  that  its  ligaments  are  either 
much  stretched  or  partially  torn  across,  though  there  be  no  displacement  of 
the  osseous  surfaces,  it  is  said  to  be  spramed.    These  injuries  are  exceedingly 
painful  and  troublesome  in  their  consequences.    They  most  frequently  occur 
to  the  wrist-,  knee-,  and  ankle-joints.    The  pain  is  very  severe,  and  often 
sickening.    The  intensity  of  the  pain  in  a  sprain  is  very  remarkable  when  we 
reflect  on  the  low  degree  of  sensibility  possessed  by  ligaments  in  the  normal 
state.    Tliey  may  be  cut  and  divided  on  the  cross  without  pain,  but  if  stretched 
in  a  longitudinal  direction  or  twisted,  so  as  to  tend  to  separate  the  articular 
surfaces,  pain  of  the  most  intense  character  is  at  once  set  up — a  wise  provision 
of  nature  guarding  against  articular  displacements.    At  the  time  of  the  sprain 
a  certain  amount  of  blood  is  effused  into  the  articular  cavity  and  the  surround- 
ing tissues,  in  consequence  of  which  the  limb  in  a  few  days  becomes  dis- 
coloured for  some  distance  above  and  below  the  joint.    The  sprain  is  rapidly 
followed  by  swelling  and  inflammation  of  the  joint  and  investing  tissues,  often 
very  chronic  and  tedious.    As  the  inflammation  subsides,  stiffiiess  and  pain  in 
using  the  part  continue  for  a  considerable  length  of  time,  and  are  in  some  cases 
followed  by  a  kind  of  rigidity  and  wasting  of  the  limb.    In  individuals  of  a 
rheumatic  or  gouty  habit  of  body,  the  inflammation  of  the  joint  consequent  on 
the  sprain  is  often  most  tedious  and  chronic,  and  will  yield  only  to  appropriate 
constitutional  treatment.    In  strumous  subjects,  destructive  disease  of  the 
joint  may  ultimately  be  induced. 

Treatment.— If  the  sprain  be  slight,  rubbing  the  part  with  a  stimulating 
embrocation,  and  giving  it  the  support  of  strapping  or  a  bandage,  are  all  that 
need  be  done.  But  if  it  be  at  all  severe,  more  active  measures  must  be  had 
recourse  to.  These  must  vary  according  to  the  condition  of  the  joint  when 
the  Surgeon  sees  the  patient  ;  but  they  are  all  conducted  on  the  principles  of 
securing  perfect  rest,  and  subduing  inflammation.  In  the  vast  majority  of 
these  injuries  all  that  is  necessary  is  to  put  the  part  at  rest  for  two  weeks. 
The  amount  of  discoloration  that  often  follows  a  sprain  is  sufficient  evidence 
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of  the  extent  of  the  laceration  of  the  ligaments  that  has  taken  place.  For  tlic 
repair  of  this  rest  is  as  necessary  as  for  the  healing  of  an  open  wound  or  the 
union  of  a  broken  bone.  As  a  rule,  however,  unless  the  Surgeon  makes  it 
impossible,  the  patient,  finding  that  he  can  still  use  the  joint,  although  with 
some  pain,  continues  to  do  so.  This  is  the  reason  that  sprains  are  so  often 
tedious  in  the  cure,  and  so  frequently  leave  weakness  or  stiffness  behind.  If 
the  Surgeon  therefore  see  the  patient  immediately  on  the  occurrence  of  the 
accident,  or  before  much  swelling  have  set  in,  the  best  plan  is  to  envelope  the 
joint  either  in  a  flannel  bandage  or  in  a  thick  layer  of  cotton-wool,  over  which 
a  plaster-of-Paris-bandage  is  to  be  applied.  The  jjlaster  should  be  kept  on  for 
two  weeks,  at  the  end  of  which  time  the  patient  may  cautiously  use  the  joint. 
This  method  of  treatment,  which  comprises  rest,  perfect  immobility,  and  com- 
pression of  the  joint,  puts  it  into  the  best  possible  condition  for  the  repair  of 
the  injured  articular  structures,  and  for  the  prevention  of  consecutive  inflam- 
mation. Another  plan  of  treatment  is  to  strap  up  the  joint  very  firmly  with 
long  strips  of  soap-plaster,  but  this  is  not  as  efficient  a  means  of  procuring 
rest.  Should  the  patient  not  have  been  resting  the  joint,  and  should  inflam- 
mation with  much  swelling  have  set  in,  in  most  cases  the  best  treatment  will 
be  the  application  of  a  starched  bandage,  as  a  plaster-of-Paris-apparatus  is  apt 
to  become  loose  as  the  swelling  subsides,  and  it  cannot  be  opened  and  refilled 
with  cotton  wool  as  the  starched  bandage  can.  Should  the  inflammation  be 
too  acute  for  the  immediate  application  of  a  rigid  apparatus,  the  joint  may  be 
put  on  a  pillow  and  covered  with  a  piece  of  linen-rag,  well  moistened  with  an 
evaporating  lotion  or  kept  wet  by  means  of  irrigation,  or  covered  with  ice-bags. 
Should  this  not  check  the  inflammation,  leeches  may  be  freely  applied  ;  and, 
when  the  swelling  has  somewhat  subsided,  the  joint  should  be  supported  with 
an  elastic  roller  and  piaster,  a  plaster  or  starched  bandage,  or  leather  splints. 
In  the  more  advanced  stages,  when  pain  and  stifPness  alone  are  left,  it  should 
be  well  douched  with  cokl  water  twice  a-day,  and  afterwards  rubbed  or 
kneaded  with  soap-liniment,  until  its  usual  strength  and  mobility  are  restored. 
This,  however,  very  commonly  does  not  occur  in  sprains  of  the  knee  and  ankle 
for  many  weeks  ;  a  degree  of  painful  stiffness  being  left. 

Persistent  Fain  or  Weakness  in  a  joint  after  a  severe  sprain  may  arise 
from  various  causes,  each  of  which  requires  appropriate  treatment.  The 
following  are  the  chief  conditions  requiring  attention. 

1.  Adliesion  within  the  joint  and  in  the  neighhouring  synovial  sheaths  con- 
sequent upon  the  inflammation  following  the  sprain.  In  this  condition  the 
swelhng  has  completely  subsided,  but  the  movements  of  the  joint  are  limited 
and  any  attempt  to  forcibly  exceed  the  limits  is  accompanied  by  intense  pain, 
usually  localized  at  one  si3ot.  This  form  is  best  treated  by  forcible  movement 
or  wrenching  under  an  anjesthetic. 

2.  Imperfect  repair  of  the  torn  ligaments  usually  results  from  want  of  rest 
during  the  treatment.  There  is  little  or  no  swelling,  and  the  movements  of 
the  joint  are  perfect,  but  there  is  a  sense  of  weakness,  accompanied  by  slight 
pain  if  any  strain  is  thrown  upon  the  injured  ligament.  This  is  best  treated 
by  fixing  the  joint  for  three  or  four  weeks  in  a  plaster  of  Paris  bandage,  after 
which  an  elastic  support  may  be  worn  for  some  time. 

3.  The  effusion  may  have  leen  imperfedhj  ahsorhed. — The  joint  presents 
then  the  ordinary  appearances  of  chronic  synovitis,  and  must  be  treated  for  that 
disease.    (See  Synovitis). 
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4.  In  Strumous,  Gouty,  and  Rheumatic  subjects  the  inflammation  following 
a  sprain  may  assume  the  form  characteristic  of  these  constitutional  conditions, 
and  must  be  treated  accordingly.    (See  Diseases  of  Joints.) 

5.  In  severe  sprains  of  joints,  more  especially  of  the  knee,  ankle,  and 
shoulder,  it  often  happens  that  there  is  a  sliijht  disjjiacenient  of  the  articular 
surfaces.  This  may  happen  at  the  time  of  the  sprain,  being  primarily  and 
directly  occasioned  by  the  violence  that  twists  and  sprains  the  joint,  or  it  may 
be  secondary,  coming  on  at  a  later  period,  owing  to  the  constrained  position 
in  which  the  injured  articulation  has  been  kept  for  some  length  of  time. 
Any  way,  if  allowed  to  remain,  it  interferes  seriously  with  the  free  mobility  of 
the  joint.  In  order  that  this  be  maintained,  the  most  accm-ate  co-aptation  of 
the  articular  surfaces  is  necessary.  If  there  be  the  very  slightest  deviation 
from  the  accuracy  of  this  "  fit,"  they  become  locked  in  movement,  and  all 
motion  becomes  painful.  This  is  especially  the  case  in  the  hinge-joints,  as 
the  knee  and  elbow.  In  the  ball  and  socket  joints,  more  especially  in  the 
shoulder,  the  head  of  the  humerus  is  apt  to  be  thrown  very  slightly  forwards 
on  to  the  edge  of  the  glenoid  cavity,  where  it  becomes  fixed,  all  movements 
of  the  joint  being  exquisitely  painful. 

In  all  these  cases  of  slight  displacement  connected  with  sprains  that  do  not 
amount  to  dislocation,  properly  so  called,  but  where  there  is  only  a  veiy  slight 
want  of  trne  co-aptation  between  the  articular  surfaces,  the  patient  should 
be  put  under  anajsthesia,  and  the  joint  ■oTenched,"  so  as  to  replace  the 
bones  and  restore  freedom  and  ease  of  movement. 

So,  also,  at  a  later  period,  when  after  a  severe  sprain,  a  stiff,  painful,  and 
possibly  slightly  distorted  joint  is  left,  no  time  should  be  lost  in  "  wrenching  " 
it.  By  this  means,  adhesions  at  this  stage  are  broken  down,  and  the  proj^er 
"  fit "  of  the  bones  restored.  By  neglecting  this  very  simple  treatment  and 
leaving  the  joint  but  partially  and  only  painfully  mobile  the  Surgeon  is  much 
discredited,  and  the  patient  drifting  into  the  hands  of  the  "  bone-setter,"  has 
his  limb  "  wrenched  "  into  utility  and  ease  by  a  most  simple  manoeuvre. 

Wounds  of  Joints. — A  joint  is  known  to  be  wounded,  when  synovia 
escapes  from  the  aperture  or  when  the  interior  of  the  articulation  is  exposed. 
If  there  be  any  douljt  as  to  the  wound  having  jjenetrated  the  synovial  mem- 
brane, no  attempt  should  be  made  to  ascertain  this  by  probing,  as  in  this  way 
the  very  occurrence  that  is  to  be  dreaded  may  be  induced  by  the  Surgeon. 
If  the  wound  be  of  sufficient  size  a  careful  and  gentle  examination  may  safely 
be  made  with  the  finger.  In  all  doubtful  cases  the  wound  must  be  treated  as 
one  of  the  joint,  and  the  question  whether  it  penetrated  or  not  will  often  be 
cleared  up  by  the  symptoms  that  supervene. 

Pathology. — In  no  class  of  injuries  arc  the  effects  of  the  admission  of  air 
and  of  the  consequent  decomposition  of  the  discharges  more  marked  than  in 
wounds  of  joints.  The  most  extensive  subcutaneous  injuries  of  joints  are 
recovered  from,  as  a  rule,  without  a  serious  symptom.  Thus  a  simple  disloca- 
tion of  a  large  joint,  although  accompanied  by  laceration  of  the  capsule, 
tearing  of  neighbouring  muscles,  and  abundant  extravasation  of  blood,  is 
almost  invariably  recovered  fi-om  with  but  little  pain  or  inflammation,  and 
with  perfect  restoration  of  the  mobility  of  the  joint.  On  the  other  hand  a 
small  incised  wound,  such  as  might  be  made  by  a  stab  from  a  pocket  knife, 
may  be  followed  by  the  severest  constitutional  symptoms  and  the  most  acute 
destructive  inflammation  of  the  joint,  or  as  it  is  called  Traumatic  Arthritis 
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The  reason  of  this  is  not  difficult  to  find,    A  joint  consists  in  most  cases  of 
an  irregular  cavity,  capable  of  very  considerable  distension  and  very  difficult 
to  drain  perfectly.    The  effect  of  a  wound  is  to  cause  an  eifusion  into  the 
caA  ity  first  of  blood  and,  almost  immediately  after,  of  syuovia,  mixed  witii 
serous  exudation  from  the  vessels  of  the  synovial  membrane.    The  conse- 
quence is  that  the  whole  cavity  becomes  more  or  less  tensely  distended, 
according  to  the  amount  of  drainage  given  by  the  wound,  with  putrescible 
matter,  and  this  is  brought  into  direct  contact  with  the  unpurified  air  l)y 
means  of  the  external  opening.    The  causes  of  decom])osition  thus  being 
admitted,  in  the  great  majority  of  cases  putrefaction  follows,  and  the  whole 
synovial  membrane  and  the  surfaces  of  the  cartilages  become  bathed  in  septic 
fluid.    As  the  result  of  this  the  most  acute  inflammation  is  set  up,  rapidly 
reaching  the  stage  of  suppuration.   This  soon  extends  to  the  ligaments,  Avhich 
become  softened  and  yield,  allowing  the  articular  surfaces  to  become  displaced  ; 
at  the  same  time  abscesses  form  outside  the  joint,  either  from  perforation  of 
the  capsule  or  by  extension  of  the  inflammation  through  it  ;  these  may 
burrow  widely  beneath  the  muscles  sm-rounding  the  joint.    Within  the  joint 
the  cartilages  perish,  in  consequence  of  the  irritation  to  Avliich  they  are 
exposed,  they  become  loosened  fi'um  the  subjacent  bone,  and  by  a  process  rather 
of  maceration  and  friction  than  of  true  ulceration  they  become  worn  away  at 
those  points  at  which  the  aiticular  surfaces  have  been  most  continuously  in 
contact  ;  the  bone  beneath  is  thus  exposed,  and  from  the  combined  irritation 
of  the  pressure  of  the  opposed  surfaces,  a  certain  amount  of  friction,  and  the 
contact  of  the  septic  discharges,  ulceration  spreads  rapidly  into  it.    Thus  the 
whole  articulation  becomes  completely  disorganized.    This  process  is  neces- 
sarily accompanied  by  very  high  fever.    There  is  no  surface  in  the  body  from 
which  absorption  can  take  place  more  rapidly  than  from  the  synovial  mem- 
brane of  a  joint ;  as  soon,  therefore,  as  it  becomes  l)athed  in  septic  matter 
severe  septic  fcA'er  is  developed  ;  the  intensity  of  the  fcA  cr  corresponding  with 
the  size  of  the  joint  and  the  extent  of  surface  from  which  absorption  is  taking 
place.    When  the  interior  of  the  joint  becomes  covered  by  granulation-tissue, 
which  presents  a  more  or  less  efficient  barrier  to  further  absorption — that  is  to 
say,  by  about  the  eighth  or  tenth  day — the  fever  subsides.    Before  this,  how- 
ever, the  patient  may  perish  from  septic  poisoning,  or  the  case  may  become 
complicated  by  some  iufective  process,  as  septicaemia  or  pyiemia.    The  serious 
consequences,  therefore,  that  follow  wounds  of  joints  may  be  traced  entirely 
to  the  following  causes  :  the  accumulation  of  blood  and  serous  eifusion  in  the 
cavity  of  the  joint,  and  the  decomposition  of  the  discharges  consequent  upon 
the  admission  of  unpurified  air,  aggravated  in  some  cases  by  want  of  rest  and 
by  the  unhealthy  constitutional  condition  of  the  patient  and  the  bad  hygienic 
surroundings  in  w-hich  he  may  be  placed. 

There  are  two  ways,  however,  m  which,  without  any  special  treatment,  a 
wounded  joint  may  escape  the  destructive  processes  above  described  ;  first,  if, 
the  wound  being  very  small  and  the  instrument  inflicting  it  perfectly  clean, 
no  air  be  admitted,  union  of  the  external  opening  may  take  place  by  the 
first  intention,  and  the  after  progress  of  the  case  may  be  the  same  as  in  a 
subcutaneous  injury ;  secondly,  if  the  Avound  be  very  large,  so  as  to  give 
perfect  di-ainage  to  the  cavity  and  thus  to  prevent  the  retention  Avithin  it  of 
decomposable  matter,  recovery  may  take  place  with  comparatively  little  local 
inflammation  or  constitutional  disturbance.    It  is  a  medium-sized  Avound,  one 
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too  large  to  heal  by  the  first  intention  and  too  small  efficiently  to  drain  the 
joint,  that  is  the  most  dangerous.  Of  all  wounds  of  joints,  gunshot-wounds 
are  necessarily  the  worst.  In  these,  the  aperture  cannot  be  closed  and  united 
by  the  first  intention  ;  and  the  track  of  the  ball  must  almost  inevitably 
suppurate.  The  bones  are  also  usually  splintered,  and  foreign  bodies  of 
Tarious  kinds  are  introduced  into  the  articulation  ;  hence  the  most  extensive, 
disorganizing,  and  fatal  mischief  commonly  ensues. 

In  a  case  of  traumatic  arthritis  if  we  have  the  opportunity  of  examining  the 
joint,  the  appearances  will  vaiy  with  the  time  after  the  infliction  of  the 
injury.  At  the  end  of  from  twenty-four  to  forty-eight  hours  the  synovial 
membrane  will  be  found  intensely  red  and  injected,  its  surface  lustreless, 
its  fringes  swollen  ;  and  the  cavity  will  contain  a  quantity  of  turbid  fluid  still 
retaining  some  of  the  characters  of  synovia,  but  thinner  than  natural,  in 
which  microscopic  examination  would  probably  reveal  the  presence  of  micro- 
organisms. Later  on,  at  the  end  of  a  week  or  ten  days,  the  synovial  mem- 
brane will  have  lost  its  characteristic  appearance,  being  concealed  by 
granulation-tissue,  the  surface  of  which  is  entirely  or  in  part  covered  by  a 
thin  grey  sloughing  layer.  The  cartilages  have  lost  their  natural  lustre  and 
smoothness,  their  surfaces  are  yellowish  in  colour,  and  partial  erosion  Avill 
have  commenced  at  the  points  at  which  the  opposing  articular  sm'faces  have 
been  in  contact.  The  ligaments  are  swollen  and  softened  and  the  tissues 
surrounding  the  joint  oedematous  and  infiltrated  with  inflammatory  products. 
Such  fluid  as  the  joint  contains  will  be  thick  pus.  In  the  more  advanced 
stages  of  the  disease,  when  the  joint  has  been  suppurating  perhaps  for  many 
weeks  or  even  months,  it  will  be  found  that  it  is  difficult  to  recognize  the 
synovial  membrane,  ligaments  and  capsule,  all  being  lost  in  the  mass  of 
inflammatory  products  hifiltrating  their  structures,  giving  them  a  uniform 
semi-transparent  appearance.  The  cartilages  are  perforated  in  their  central 
parts,  at  the  circumference  they  have  almost  the  appearance  and  feel  of  wet 
leather.  The  bones  are  exposed  and  are  ulcerating  superficially,  the  surface 
being  rough  and  of  a  dark  red  colour.  Occasionally  in  the  latest  stages,  if 
the  joint  has  been  kept  at  rest,  granulations  may  have  sprung  up  from  the 
opposing  bony  surfaces,  and  ha-sing  coalesced,  there  may  be  some  actual 
osseous  union  of  these  surfaces.  If  recovery  does  take  place  in  such  a  case 
it  is  efi'ected  by  complete  bony  union  between  the  articular  ends,  with  gradual 
absorption  of  the  inflammatory  products  and  development  of  dense  cicatricial 
tissue  around  the  site  of  the  joint.  Microscopic  examination  shows  nothing 
but  the  ordinary  signs  of  inflammation  in  the  various  structures  entering  into 
the  composition  of  the  joint. 

Sj/mptoms  and  Effects— The  severity  of  the  wound  of  a  joint  depends 
chiefly  on  the  size  of  the  articulation  and  the  nature  of  the  wound,  but  is  also 
materially  influenced  by  the  age  and  health  of  the  patient.  Small  subcutaneous 
wounds,  such  as  are  inflicted  for  the  removal  of  loose  cartilages,  may  usually  be 
made  with  perfect  safety,  if  proper  precautions  be  taken  to  prevent  the  intru- 
sion of  air  and  the  instruments  be  perfectly  clean.  But  with  joints  laid  open 
as  the  result  of  accidents,  everything  depends  on  the  prevention  of  traumatic 
arthritis,  by  the  establishment  of  good  drainage  and  the  exclusion  of  the  causes 
of  decomposition.  This  latter  condition  may  he  difficult  from  the  presence  of 
dirt  or  foreign  bodies  on  the  cavity  of  the  joint. 
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It  is  especially  in  adults  that  nufavourable  results  ensue  ;  in  children 
extensive  injuries  of  large  joints  may  heal  favourably  ;  though  if  the  child 
be  strumous,  chronic  destructive  inflammation  is  apt  to  be  set  up. 

If  the  patient  escape  the  dangers  of  septic  arthritis  and  the  wound  unites 
by  the  first  intention,  there  is  usually  some  eflFusion  mto  its  cavity,  with  heat 
and  pain,  which  subside  in  a  few  days,  leaving  the  articulation  weak,  tender 
and  stiff  for  some  considerable  time.  This  period  of  swelling  is  one  of  con- 
siderable anxiety  to  the  Surgeon,  but  if  by  the  third  day  the  symptoms  begin 
to  subside,  and  especially  if  there  be  no  marked  rise  of  temperature,  he  may 
confidently  look  forward  to  a  speedy  recovery.  Should  septic  arthritis  super- 
vene, the  joint  within  a  few  hours  of  the  infliction  of  the  injury,  swells, 
becomes  hot  and  painful,  and  throbs.  The  pain  steadily  increases,  becoming 
tensive  and  excessively  severe.  If  the  aperture  be  large,  synovia  freely  escapes, 
which  soon  becomes  mixed  with  inflammatory  products.  If  it  be  small,  little 
more  than  a  puncture,  the  joint  swells  and  fills  with  pus,  which  will  either 
escape  through  the  original  wound  or  find  an  outlet  for  itself,  bursting 
through  the  capsule  and  bm-rowing  widely  beneath  the  fascia  of  the  limb 
before  reaching  the  surface.  The  swelling  at  fii'st  assumes  the  outline  of  the 
synovial  membrane,  but  as  soon  as  the  inflanmiation  has  extended  to  the  liga- 
ments it  becomes  globular  or  ovah  The  skin  over  the  joint  becomes  red  and 
oedematous.  The  limb  is  placed  in  a  position  of  semiflexion.  There  are 
startings  in  the  limb,  worse  at  night,  waking  the  patient  should  he  fall  asleep. 
The  pain  becomes  agonizing  should  the  joint  be  moved  in  the  shghtest  degree. 
The  constitutional  disturbance  becomes  very  severe,  the  temperature  often 
rising  as  high  as  105°  Fahr.  The  pulse  is  rapid  and  bounding,  the  tongue 
diy,  the  face  flushed,  and  there  is  frequently  delirium  at  night.  The  patient 
may  perish  at  this  stage  from  the  intensity  of  the  septic  fever.  In  other 
cases  he  may  be  early  attacked  by  septicaemia  or  pytemia. 

If  the  patient  survive  this  acute  period,  abscesses  form  around  the  articula- 
tion, and  the  discharge  from  these,  as  well  as  from  the  joint,  Avith  the  clironic 
poisoning  from  absorption  of  the  products  of  putrefaction,  may  gradually 
prove  fatal  by  exhaustion.  Should  this  danger  be  passed  through  and  the 
patient  eventually  survive,  it  will  be  with  an  ankylosed  limb,  the  utility  of 
which  is  greatly  impaired. 

Treatment  of  Wounded  Joints. — The  first  point  to  be  determined  must 
be  whether  amputation  or  resection  should  be  performed,  or  an  attempt  made 
to  save  the  injured  joint.  If  the  joint  have  been  extensively  laid  open,  with 
much  contusion  and  laceration,  complicated,  perhaps,  with  dislocation,  or  with 
fracture  and  splintering  of  the  bones,  no  attempt  to  save  the  joint  is  likely  to 
succeed.  In  these  unfavourable  circumstances,  however,  in  the  upper  extremity, 
and  even  in  the  ankle,  the  limb  may  not  unfrcquently  be  saved.  If  the  bones 
be  comminuted,  the  removal  of  splinters  and  resection  of  the  articular  ends 
may  advantageously  be  practised  in  many  cases,  more  particularly  if  the 
patient  be  young  and  sound  in  constitution  and  the  soft  parts  not  too  exten- 
sively damaged.  But,  if  these  be  largely  lacerated  and  widely  contused,  or 
the  patient  aged  or  broken  in  health,  amputation  is  iniperati\  ely  called  for. 
This  is  especially  the  case  when  the  knee  is  injured  ;  extensive  lacerations  of 
the  joint,  if  complicated  with  dislocation  or  with  comminution  of  the  bones, 
being  cases  for  immediate  amputation. 

In  all  other  cases  an  attempt  may  be  made  to  save  the  joint.    In  fact  the 
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prognosis  in  cases  of  wounded  joints  has  been  materially  improved,  and  the 
treatment  not  only  greatly  simplified,  but  rendered  far  more  successful  than 
formerly  by  the  employment  of  antiseptics  and  drainage.  Indeed  the  whole 
surgery  of  joint-wounds  has  been  completely  revolutionized,  and  cases  that  a 
few  years  ago  were  at  once  submitted  to  amputation  are  now  saved  without 
difficulty,  and  this  applies  not  only  to  incised  wounds  but  equally  to  those  of 
a  lacerated  character  or  that  arc  complicated  even  with  fracture  of  the 
articular  ends. 

If  then  it  be  determined  to  save  the  joint,  we  must  keep  three  objects 
steadily  in  view  :  first,  the  synovial  cax  ity  must  be  thoroughly  drained  ; 
secondly,  the  joint  must  be  kept  perfectly  at  rest,  and  firmly  fixed  so  that 
movement  is  impossible  ;  and  thirdly,  the  discharges  must  be  prevented 
from  decomposing  by  some  efficient  system  of  antiseptic  treatment.  To 
drain  a  joint  perfectly,  as  before  stated,  is  not  always  easy,  but  every 
articulation  can,  without  difficulty,  be  sufficiently  drained  to  prevent  the 
development  of  tension  in  its  cavity.  If  an  efficient  system  of  antiseptic 
treatment  can  be  carried  out,  minor  imperfections  of  drainage  are,  however, 
of  httle  consequence. 

The  Antiseptic  Treatment  of  a  wounded  joint  is  carried  out  on  exactly  the 
same  principles  as  in  that  of  any  other  wound.  The  wound  must,  if  neces- 
sary, be  enlarged  ;  the  cavity  of  the  joint  is  then  well  synnged  out  with 
carbolic  acid  solution  in  water  (1  to  20).  This  is  best  done  by  means  of  a 
stiffish  piece  of  India-rubber  tubing  long  enough  to  reach  to  any  part  of  the 
joint,  fixed  on  the  end  of  a  syringe.  The  joint  may  be  carefully  moA-ed  at 
the  same  time,  so  that  the  lotion  may  find  its  way  to  every  part  of  the  articu- 
lation. The  fluid  is  then  squeezed  out  of  the  joint,  a  drainage-tube  inserted, 
and  the  wound  closed  by  sutures.  If  the  case  be  one  of  a  large  lacerated 
wound,  with  dirt  ground  into  it,  it  must  be  carefully  cleaned  with  a  si^onge. 
If  the  wound  is  in  such  a  situation  that  it  is  not  likely  to  di'ain  well,  a 
counter-opening  may  be  made  on  a  probe  at  the  most  dependent  part  into 
which  another  tube  may  be  passed.  The  gauze-dressing  is  then  applied  and 
the  limb  fixed  on  a  splint  or  by  some  rigid  apparatus  in  such  a  Avay  that  the 
slightest  movement  is  impossible.  The  drainage-tubes  can  usually  be  removed 
at  about  the  end  of  the  first  week,  but  this  will  depend  upon  the  amount  of 
discharge.  Great  care  must  be  taken  not  to  move  the  joint  at  the  dressings. 
Instead  of  applying  the  carbolic  gauze,  the  joint  after  l)eing  disinfected  may 
be  wapped  in  a  mass  of  iodiform  or  salicylic  wool  and  left  undisturbed,  unless 
the  temperature  rise  over  101°  Fahr.,  with  severe  pain,  till  the  discharge 
soaks  through,  or  till  the  wound  may  be  supposed  to  be  healed.  A  good  plan 
of  treating  these  cases  is  to  apply  one  dressing  of  carbolic  gauze  to  receive  the 
first  twenty-four  hours'  discharge,  and  at  the  end  of  that  time  carefully  to 
remove  the  sodden  dressing  and  apply  iodoform-wool,  enclosing  the  limb  in  a 
plaster-of-Paris-bandage  to  maintain  rest. 

Should  antiseptics  not  be  available,  the  following  treatment  should  be  adopted. 
If  the  joint  be  opened  by  a  puncture,  or  small  clean-cut  wound,  this  may 
occasionally  be  closed  by  bringing  the  edges  together,  and  placing  a  piece  of 
lint  soaked  in  collodion  upon  it,  or  a  strip  of  plaster  washed  over  with  resin 
varnish.  The  joint  must  then  be  placed  in  a  splint  (plastei-  of  Paris  is  the 
best),  so  as  to  be  rendered  absolutely  immovable,  and  should  then  be  sur- 
rounded by  India-rubber  bags  containing  pounded  ice,  or  kept  cold  by  the 
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application  of  Leiter's  tubes  (p.  107).  In  fact,  the  best  chance  of  avoidino- 
luvther  mischief  h'es  in  tlie  exckision  of  air,  perfect  rest,  and  tlie  continuous  ap- 
plication of  dry  cold.  In  this  way  inflammation  may  be  prevented,  and  umow 
of  the  wound  take  place  under  the  i)laster  ;  but  in  the  nuijority  of  eases  the 
injury  is  followed  by  so  abundant  a  secretion  of  synovia,  that  the  dressing- 
becomes  loosened  by  the  tension  and  outward  pressure  of  the  accumulated 
fluid  which  escapes  from  under  it.  If  the  preventive  means  fail  to  arrest 
inflammation,  and  the  joint  swell,  becoming-  red,  hot,  and  throbbing-,  with 
much  constitutional  distm-bance,  the  cold  applications  must  be  removed  and 
heat  substituted  in  the  form  of  fomentations.  The  synovial  cavity  should  then 
be  emptied  by  means  of  the  aspirator.  If  the  fluid  that  be  withdrawn  be 
merely  turbid  synovia,  leeches  may  be  applied  and  the  hot  fomentations  con- 
tinued. Oi)ium  may  be  given  to  relieve  pain.  In  this  way  tlie  symptoms  may 
be  relieved  and  the  joint  recover.  Should  the  fluid  withdrawn  be  })'are  pus, 
or  contain  a  large  proportion  of  pus,  it  is  useless  any  longer  to  attempt  the 
closure  of  the  wound. 

When  suppuration  has  come  on,  long  and  free  incisions  should  be  made  into 
the  joint,  on  each  side,  if  possible,  and  at  the  most  dependent  part  of  the 
capsule,  so  as  to  allow  a  ready  exit  to  the  pus.  If  this  be  done  thoroughly, 
and  perfect  rest  maintained  afterwards,  the  symptoms  are  immediately  relieved, 
and  ultimately  recovery  may  take  place,  usually  with  ankylosis,  but  occasionally 
with  some  degree  of  mobility.  Small  incisions  into  the  joint  are  worse  than 
useless  ;  by  a  small  incision  the  pus  cannot  be  evacuated  from  a  deep  and  com- 
plicated joint,  but  air  is  admitted,  and  the  result  is  to  encourage  the  decompo- 
sition of  the  discharges,  and  to  cause  severe  septic  fever  and  possibly  pyasmia  ; 
by  making  free  and  early  incisions,  however,  and  thus  establishing  perfect 
drainage,  but  little  decomposable  matter  is  left  in  the  cavity  of  the  joint,  and 
the  evils  of  decomposition  are  reduced  to  a  minimum.  The  complete  relief  of 
tension  procured  by  such  incisions  reduces  the  local  inflammation  and  saves  the 
patient  much  pain.  After  the  incisions  have  been  made,  it  is  better  to  avoid 
poulticing  or  simple  water  dressing,  as  these  encourage  putrefaction.  The 
wound  must  be  syringed  with  some  antisc])tic  solution  as  Condy's  fluid,  car- 
bolic lotion  (1  in  40),  or  tincture  of  iodine  and  water  (5ij  to  Oj),  and  be 
dressed  with  carbolic  oil  (1  in  10),  or  terebene  and  oil  (1  in  6),  or  a  strong 
lead  and  spirit  lotion.  If  boracic-acid-lint  be  at  hand,  that  doubtless  forms  the 
most  efficient  dressing,  applied  warm  like  a  poultice  and  changed  frequently. 
In  the  absence  of  all  antiseptic  material  the  open  treatment,  or  the  simple 
application  of  oil  or  lard  will  be  the  best.  If  the  case  proceed  favourably, 
the  discharge  will  gradually  lessen,  and  the  constitutional  disturbance  subside. 
The  joint  must  then  l)e  placed  in  such  a  position,  that,  when  ankylosis  results, 
the  limb  may  be  serviceable  to  the  patient.  If,  however,  as  very  frequently 
happens  when  the  largei-  joints  are  wounded,  the  suppuration  within  the 
articulation,  and  the  abscesses  that  form  outside  it,  reduce  the  patient  to  a 
hectic  state,  secondary  amputation  speedily  becomes  inevitable. 

AVouNDS  OP  Individual  Joints. — To  the  preceding  general  principles  I 
have  little  to  add  with  respect  to  wounds  of  the  individual  joints. 

The  Hip  and  Shoulder  are  so  deeply  placed,  and  so  well  protected,  that 
they  can  scarcely  be  wounded  except  as  the  result  of  gun-shot  injury,  the 
treatment  of  which  condition  has  already  been  discussed  (pp.  344,  34(5). 

Wound  of  the  Knee-joint  is  one  of  the  most  common  and  most  severe  of 
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such  injuries.  Those  caused  by  gun-shot  violence  have  ah-eady  been  de- 
scribed (p.  345).  AVhen  produced  by  a  puncture  or  clean  cut,  antiseptic 
treatment  and  innnobilicy  will  usually  ensure  a  cure  without  the  functions  of 
the  joint  being-  in  any  way  impaired.  Thomas's  knee-splint  well  applied  will 
be  found  the  most  convenient  form  of  apparatus  for  fixing  the  joint.  Should 
suppuration  occur,  the  joint  must  be  laid  open  unsparingly.  The  finger  should 
be  inserted  at  the  original  wound,  if  it  be  situated  towards  the  fi'ont  of  the 
joint,  and  pushed  down  to  the  most  dependent  part  of  the  synovial  pouch ; 
here  the  tip  of  the  finger  may  be  made  to  project  and  be  cut  down  upon.  A 
probe  pointed  bistoury  is  then  to  be  inserted  and  the  incision  extended  till 
it  reaches  from  the  head  of  the  tibia  to  the  upper  limit  of  the  synovial 
pouch.  The  knife  should  not  be  held  horizontally,  but  slanted  backwards 
so  as  to  facilitate  drainage.  The  opposite  side  of  the  joint  must  then  be 
treated  in  the  same  way.  Even  after  this  amputation  is  not  unfrequently 
necessary,  and  the  incisions  above  described  can  be  used  in  performing 
the  operation.  The  abscess  in  these  cases  will  often  form  deeply,  the  pus 
bursting  from  the  joint  by  the  upper  part  of  the  synovial  pouch,  and 
burrowing  up  the  thigh  under  the  vasti,  separating  them  from  the  bone,  and 
reaching  sometimes  as  high  as  the  trochanter  before  it  is  detected.  K.t  the 
time  the  synovial  pouch  gives  way  the  relief  of  tension  may  cause  a  deceptive 
abatement  in  the  severity  of  the  symptoms  ;  but  soon  the  limb  swells  up  to 
the  trochanters,  becomes  very  tense,  painful,  hot,  and  oedematous,  with  great 
constitutional  disturbance  and  high  fever,  though  the  joint  may  be  but  little 
swolleii,  and  many  days  will  often  elapse  before  fluctuation  can  be  again  felt  in 
it  or  in  the  tbigh.  It  is  this  absence  of  swelling  in  the  knee  itself  that  may 
mislead  an  inexperienced  practitioner.  At  length  the  abscess  may  approach 
the  surface  near  the  knee  ;  and,  on  an  incision  being  made,  an  immense 
quantity  of  pus  is  discharged.  It  is  this  depth  in  the  limb  at  which  the 
abscess  is  seated  that  gi^'es  rise  to  the  difficulty  in  its  detection,  the  violent 
constitutional  disturbance  it  occasions,  and  its  extreme  danger.  I  have  never 
seen  abscess  form  amongst  the  muscles  of  the  leg  as  a  consequence  of  injuries  of 
the  knee-joint,  unless  the  tibia  had  been  fi-actured  as  well  as  the  joint  opened. 

For  the  penetration  of  the  knee-joint  by  needles,  see  p.  324. 

Wounds  of  the  Elbow  and  Ankle-joints,  when  simple,  as  in  punctures, 
usually  admit  of  closure  and  of  being  healed,  leaving  a  sufficiently  useful  and 
mobile  articulation.  When  they  are  complicated  with  fracture  of  the  neigh- 
bouring bones,  the  soft  parts  not  being  too  extensively  injured,  resection  of  the 
injured  articulations  is  the  proper  course  to  adopt ;  if  there  be  much  laceration 
of  soft  parts  with  comminution  of  the  bones,  amputation,  especially  in  the 
case  of  the  ankle,  will  be  required. 

Wounds  of  the  Wrist-joint  are  peculiarly  dangerous,  on  account  of  the 
extent  and  complexity  of  the  synovial  membrane  that  enters  into  its  confor- 
mation. Should  suppuration  be  set  up,  some  of  the  carpal  bones  may  necrose. 
In  these  circumstauccs,  if  the  patient  be  in  good  health  and  not  too  old 
excision  of  the  joint  will  save  a  very  nseful  hand;  when  excision  is  not 
practicable,  amputation  must  be  performed,  if  possible,  by  a  flap  taken  from 
the  palm,  only  the  diseased  articular  ends  of  the  radius  and  ulna  beino- 
removed.  In  some  cases  the  patient  may  recover  without  operation,  but  a 
stiff  and  comparatively  useless  hand  will  usually  be  left. 

DiSLOCATioxs  will  be  described  in  Chapter  XXII. 
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CHAPTER  XX. 


FRACTURES. 

The  management  of  fractures  constitutes  one  of  the  commonest  duties  of 
the  Surgeon,  and  hence  the  consideration  of  all  that  relates  to  their  nature  and 
treatment  is  of  the  utmost  importance. 

A  fracture  may  he  defined  as  a  sudden  and  violent  solution  of  continuity  in 
a  bone  ;  but  by  the  term  fi-acture  it  is  convenient  to  describe  other  lesions, 
which,  strictly  speaking,  are  not  comprised  in  the  definition.  The  displace- 
ment of  an  epiphysis  from  the  shaft  of  a  bone  is  not  really  a  fracture  but  a 
sejoaration ;  as  is  also  the  displacement  of  a  costal  cartilage  from  a  rib. 

Causes. — Fractures  are  almost  invariably  the  result  of  local  causes,  but  the 
liability  to  their  occurrence  is  more  or  less  modified  by  certain  predisposing 
circumstances. 

Local  Causes. — Fractures  may  occur  from  the  apiDlication  of  external 
violence,  or  iTom  muscular  action. 

External  violence  may  be  applied  in  two  ways  :  directly  or  indirectly. 
The  worst  forms  of  fi-acture  are  occasioned  by  direct  external  violence, 

the  weight  or  blow  crushing  and  splintering  the  bone,  as  by  the  passage  of  a 
heavy  wheel  or  a  gun-shot-injury.  ^VTien  the  bone  is  broken  by  direct 
violence,  the  fracture  is  always  at  the  seat  of  injury,  and  is  often  complicated 
with  considerable  mischief  to  the  soft  parts,  the  result  of  the  same  force  that 
breaks  the  bone. 

Indirect  violence  may  break  a  bone  in  two  ways.  One  that  is  more  com- 
monly talked  of  than  seen  is  by  contrecoujj,  in  which,  when  a  blow  is  inflicted 
on  one  part,  the  shock  that  is  communicated  expends  its  violence  on  the 
opposite  point,  where  the  fracture  consequently  occurs.  This  form  of  injury 
is  chiefly  met  with  in  the  head  ;  and,  although  its  occurrence  has  been  denied, 
I  cannot  doubt  it,  as  I  have  seen  unequivocal  instances. 

In  the  next  form  of  indirect  violence  occasioning  fracture,  the  bone  is  broken 
by  being  snapped,  as  it  were,  between  a  resisting  medium  at  one  end,  and  the 
weight  of  the  body  on  the  other.  Thus,  a  person  jumping  from  a  height  and 
alighting  on  his  feet,  may  break  his  legs  by  their  being  compressed  between  the 
weight  of  the  body  above  and  the  ground  below.  The  long  bones  are  those 
which  are  most  frequently  fractured  in  this  way  ;  and  the  fracture  occurs  at  the 
greatest  convexity,  or  at  their  weakest  point. '  When  a  person  jumps  from  a 
can-iage  that  is  in  motion,  although  the  height  of  the  fall  be  not  great,  yet  its 
force  is  considerable,  the  feet  coming  violently  to  the  ground  and  being 
suddenly  fixed,  while  the  body  moves  with  the  same  velocity  as  that  with 
which  it  was  being  carried  onwards  in  the  vehicle.  Hence,  fractures  received 
in  this  way  are  usually  severe,  and  often  compound  or  comminuted. 

Muscular  action  is  not  an  unfrequcnt  cause  of  fi-acture  of  those  bones  into 
which  powerful  muscles  are  inserted.  This  is  especially  the  case  with  the  patella 
and  some  of  the  bony  prominences,  such  as  the  acromion,  which  are  broken  in 
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the  same  way  that  a  tendon  is  ruptured— by  the  A'iolent  contraction  of  the 
muscles  attaclied  to  tliem  tearing  them  asunder.  It  is  not  often  that  the  long 
l)ones  arc  so  fractured  ;  but  the  humerus  has  been  broken  by  a  person  striking 
at  but  not  hitting  another,  or  by  suddenly  throwing  out  the  arm  to  seize  some- 
thiug  that  was  falling  ;  and  the  cla\icle  has  been  fractured  by  a  rider  giving 
his  hoi-sc  a  back-handed  blow.  In  these  case?,  however,  muscular  action  may 
not  have  been  the  sole  cause,  the  weight  of  the  limb  also  tending  to  fracture 
the  bone.  Those  bones  that  do  not  afford  attachment  to  any  powerful  nuiscles, 
as  the  cranial,  for  instance,  cannot  be  fractured  in  this  way.  Muscular  action 
also  aids  in  the  fracture  of  bones  by  indirect  violence,  thus  we  see  that  a  sober 
man  who  makes  a  violent  effort  to  sa"\-e  himself  more  often  breaks  a  bone  in  a 
fall  than  a  drunken  man  who  falls  like  a  log. 

Predisposing  Causes. — These  are  numerous  and  varied. 

Some  bones  are  especially  liable  to  be  broken  in  consequence  of  their  serving 
as  points  of  support.  Thus,  when  a  person  falls  upon  the  hand,  the  shock  is 
transmitted  from  the  wrist-joint  through  the  radius,  humerus,  and  clavicle,  to 
the  trunk  ;  the  radius  and  clavicle,  being  the  weaker  bones,  are  then  espe- 
cially liable  to  be  fractured.  So  agaiu,  the  situation  of  a  bone,  irrespectively 
of  any  other  circumstance,  may  predispose  it  to  ft-acture :  the  prominent  posi- 
tion of  the  nasal  bones,  and  the  exposed  situation  of  the  acromion,  render 
these  parts  pecuharly  liable  to  injury.  The  shape  of  some  bones  disposes 
them  to  fracture  ;  thus,  a  long  bone  is  necessarily  more  readily  broken  than  a 
short  and  thick  one  ;  hence  fractures  of  the  tilwa  and  femur  from  falls  on  the 
feet  are  more  common  than  of  the  os  calcis.  Certain  parts  of  hone  are  more 
commonly  fractured  than  others.  Those  parts  especially  into  which  powerful 
muscles  are  inserted,  or  that  are  in  exposed  situations,  and  hence  liable  to 
injury,  or  have  to  receive  the  weight  of  the  fallen  body,  are  often  broken. 
Hence  the  clavicle,  the  olecranon,  and  the  neck  of  the  femur,  are  commonly 
fractured. 

Age  exercises  considerable  influence,  not  only  on  the  general  occuiTence  of 
fracture,  but  on  the  peculiar  liability  of  certain  bones.  Though  fractures  may 
occur  at  all  ages,  even  in  intra-uterine  life  (Chaussier  has  dissected  a  f(ctus 
that  had  113  fractures),  yet  bone,  being  elastic  and  cartilaginous  in  early  age, 
is  less  readily  broken  than  when  it  has  become  brittle  and  earthy,  as  in 
advanced  life.  In  children,  fractures  fi-equently  occur  at  the  point  of  junction 
between  the  shaft  and  epiphysis,  where  ossification  has  not  as  yet  become 
perfect.  This  separation  of  the  epiphysis  in  children,  the  detachment  as  it 
were  of  the  terminal  points  of  ossification,  occurs  chiefly  at  the  lower  ends  of  the 
humerus  and  fenmr,  sometimes  in  the  radius  and  other  long  bones.  As  age 
advances,  the  compact  tissue  of  the  shaft  becomes  denser  and  harder,  but  the 
cancellous  structure  of  the  extremities  more  dilated  and  looser  ;  hence  fracture 
of  the  neck  of  the  femur  is  especially  common  in  old  people.  In  young  persons 
also,  the  bone  is  usually  broken  transversely,  but  fractures  taking  place  at  a 
more  advanced  period  of  life  are  generally  oblique,  and  often  comminuted  : 
in  adults  they  also  more  commonly  extend  into  joints  than  when  occurring  in 
early  age.  In  children,  more  than  one  half  the  fractures  occurring  in"  the 
upper  limb  are  of  the  clavicle  ;  and  in  the  lower  limb,  fracture  of  the  shaft  of 
the  femur  by  indirect  violence  is  of  extremely  common  occurrence. 

Sex  indirectly  influences  the  liability  to  fracture,  men  being  more  fre- 
quently exposed  to  the  causes  of  this  injury  than  women.  In  women,  the  bones 
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that  are  most  commonly  fractured  are  the  clavicle,  tlie  radius,  the  tibia,  and 
the  neck  of  the  femur  ;  m  men,  the  shafts  of  the  long  bones,  the  cranium,  and 
the  pelvis. 

From  statistical  tables  of  fractures  of  the  upper  limb  given  by  Flower,  it 
appears  that  below  five  years  of  age  the  liability  of  the  two  sexes  to  fracture  is 
equal.  After  five,  the  males  steadily  increase  in  liability  up  to  middle  life. 
After  forty-five,  the  number  of  fractures  in  females  exceeds  that  in  males,  in 
consequence  of  the  extreme  frequency  in  women  above  middle  life  of  fracture 
of  the  lower  end  of  the  rndius. 

Side  of  the  Body. — From  the  latest  statistical  accounts  collected  by  Gurlt, 
Middeldorpf,  Lente  and  othei*s,  it  Avould  appear  that  fractures  occur  with  about 
equal  frequency  on  the  two  sides  of  the  body. 

Time  of  Year. — The  popular  supposition  that  the  bones  are  more  bi-ittlo 
in  winter,  and  hence  break  more  readily  than  at  other  seasons,  is  altogether 
a  mistake  ;  though  fi-actures  may  be  common  at  this  period  of  the  year,  from 
falls  being  more  frequent  during  frosty  weather. 

Spontaneous  fractures  are  those  which  happen  without  any  very  distinct 
cause,  or  under  the  influence  of  violence  that  would  usually  be  insufficient  to 
occasion  it.  They  arise  from  various  pathological  conditions,  amongst  which 
the  following  are  the  chief.  AtropJbij  of  Bone  occurs  naturally  in  old  age, 
and  is,  as  before  stated,  a  powerful  predisposing  cause  of  fracture ;  but  mere 
senile  atrophy  seldom  reaches  such  a  degree  as  to  lead  to  spontaneous  fracture. 
In  the  same  way  atrophy  from  want  of  use  may  render  the  bone  brittle,  so  that 
a  very  small  force  may  break  it,  as  we  occasionally  see  in  attempted  reduction 
of  old  dislocations.  A  much  more  important  form  of  atrophy  is  that  which 
accompanies  certain  forms  of  disease  of  the  central  nervous  system,  especially 
general  paralysis  of  the  insane.  Bruns  has  collected  the  records  of  sixty  cases 
of  spontaneous  fracture  occurring  in  the  insane,  and  amongst  these  were 
many  instances  of  multiple  ft'actures.  In  some  of  these  cases  the  bones  were 
found  to  be  greatly  atrophied,  and  in  one  they  were  easily  cut  with  a  knife. 
General  paralysis  is  not  unfrequently  complicated  by  violent  maniacal  attacks, 
and  in  the  necessary  restraint  at  these  times  it  has  happened  that  one  or 
more  of  the  patient's  bones  have  been  broken  although  no  undue  force  has 
been  employed.  These  cases  have  more  than  once  given  rise  to  charges 
of  cruelty  or  manslaughter  against  the  keepers  in  lunatic  asylums.  Weir 
Mitchell  states  that  spontaneous  fractures  are  not  uncommon  in  loco- 
motor ataxy.  MolUties  ossium  is,  as  will  be  seen  when  treating  of  that 
disease,  often  associated  with  spontaneous  fracture.  Rickets  is  more  often  a 
cause  of  bending  or  partial  fracture  under  considerable  violence,  but  cannot 
be  said  to  be  a  cause  of  true  spontaneous  fracture.  Scurvij  was  said  by  the 
older  writers  to  cause  a  general  weakness  of  the  bones,  but  later  observations 
have  not  confirmed  this.  In  children  it  is  said  to  predispose  to  separation  of 
the  epiphyses.  Constitutmial  Syphilis  was  formerly  believed  in  some  cases 
to  cause  a  general  brittleuess  of  the  osseous  system,  but  later  observations  do 
not  confirm  this  :  in  every  case  in  which  syphilis  is  a  cause  of  spontaneous 
fracture  some  definite  local  disease,  as  caries,  necrosis,  or  a  gumma,  is  met 
with.  In  the  same  way  the  "  cancerous  cachexia,'"  apart  from  the  develop- 
ment of  a  secondary  tumour  in  the  bone,  never  causes  spontaneous  fracture. 
A  sarcoma  growing  in  or  on  a  bone,  or  pressing  on  it  when  springing  from  a 
neighbouring  structure,  may  so  weaken  it  as  to  cause  it  to  give  way  spontane- 
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ously.  Necrosis,  caries  and  abscess  of  lone  have  all  been  known  to  give  rise  to 
spontaneous  fracture,  but  such  a  complication  is  extremely  rare.  Some  rare 
cases  have  been  described  in  which  there  is  a  hercdifary  tendency  to  fracture 
of  the  bones,  without  any  other  recognizable  constitutional  defect,  transmitted 
from  father  to  son.  Thus  Grreenish  records  a  case  in  which  the  grandfather 
had  had  several  bones  broken  ;  he  had  three  sons  and  two  daughters  :  the 
youngest  son  and  the  two  daughters  escaped  without  fractures ;  the  eldest  son, 
who  had  one  bone  broken,  had  two  childi-en,  the  eldest  of  whom  had  thirteen 
and  the  younger  two  fractures ;  the  second  son,  who  had  two  fractures,  had 
five  children,  who  suffered  respectively  four,  four,  eight,  four,  and  three 
broken  bones.  Lastly,  certain  cases  are  met  with  in  which  no  clear  causes 
can  be  found :  thus  fracture  of  the  femur  has  more  than  once  been  met  with 
in  young  men  apparently  quite  healthy,  from  the  sudden  and  violent  con- 
traction of  the  thigh  muscles,  as  for  instance  in  jDuUing  off  or  drawing  on  a 
boot,  and  I  have  known  a  gentleman  a  little  above  fifty,  apparently  in  perfect 
health,  break  his  thigh  with  a  loud  snap  whilst  turning  in  bed.  In  cases  of 
sj)ontaneous  fracture  union  rarely  takes  place,  or  not  without  much  difficulty. 

Yarieties. — Fractures  present  important  varieties  as  to  their  Nature  and 
their  Direction.  The  varieties  as  to  nature  depend  upon  the  cause  of  the 
fracture,  its  seat,  aud  the  age  of  the  patient. 

Nature. — Fractures  are  divided  into  two  great  classes,  according  as  they 
are  unaccompanied  or  attended  by  an  open  wound  leading 
down  to  the  line  of  breakage  in  the  bone — the  first  being 
called  Simple^  the  second  Compound.  In  the  first  class 
are  included  the  Single  Fracture,  where  the  bone  is 
merely  broken  across,  split,  or  fissured ;  the  Impacted, 
where  one  fragment  is  wedged  into  another,  the  compact 
tissue  being  driven  into  the  cancellous  structure  ;  the 
Comminuted  (Fig.  172),  where  the  bone  is  broken  into 
several  fragments  at  one  place  ;  and  the  Multiple, 
where  there  are  more  fractures  than  one,  either  in 
different  bones  or  in  different  parts  of  the  same  bone. 

When  the  soft  parts  are  torn  through,  so  that  the 
fracture  communicates  by  a  wound  with  the  surface  of 
the  body,  it  is  said  to  be  Compound.  A  fracture  may 
be  rendered  compound  in  two  ways  :  either  through 


Fig.  172.  — 


Ir,?r'\l""!;f  laceration  of  the  soft 


Praoture  iruuie  by  gun-  "       '^"^  ^^-"^^  parts  by  the  Same  injury  that 

breaks  the  bone,  as  when  a  bullet  in  traversing  a  limb, 
fractures  the  bone  ;  or  else  by  the  protrusion  of  one  of 
the  extremities  of  the  broken  fi-agments  through  the  integuments. 


This 


necessarily  most  frequently  happens  when  the  fragments  are  sharp  and  pointed, 
and  the  coverings  thin,  as  in  fracture  of  the  tibia,  and  may  be  occasioned 
by  muscular  contraction,  or  by  some  incautious  movement  on  the  part  of 
the  patient,  or  roughness  on  the  part  of  those  lifting  or  carrying  him,  di'i^dno- 
the  fragment  through  the  skin.  '  ° 

It  is  important  to  distinguish  between  fractures  that  are  primarily  compound, 
that  is,  that  are  compound  from  the  first  or  become  so  within  a  few  days,  and 
those  in  which  a  wound  leading  to  the  broken  bone  forms  some  time  after  the 
accident,  as  the  result  of  inflammation,  suppuration,  and  sloughing,  or  from 
other  causes.    When  the  fracture  becomes  compound  secondarily,  the  dano-er 
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is  greatly  lessened,  on  account  of  the  reparative  tissue  that  has  formed  at  the 
seat  of  the  injury  having  closed  the  medullary  canal  in  such  a  way  that  septic 
osteomyelitis  is  not  likely  to  occur.  The  blood-clot  and  the  early  exudation 
are  also  to  a  gTeat  extent  absorbed  and  the  intermuscular  spaces  around  sealed 
by  coagulated  inflammatory  exudation  or  granulation- tissue,  and  thus  deep 
burrowing  of  septic  matter  in  the  limb  is  not  likely  to  take  place,  and  the 
danger  of  septic  absorption  or  py{)3mia  is  greatly  diminished. 

A  fracture  is  said  to  be  Complicated  when  the  injury  to  the  bone  is  con- 
joined with  other  conditions  which  are  perhaps  of  more  importance  than  the 
mere  fi-acture  ;  the  complication  constituting  often  the  most  serious  part  of  the 
injury,  and  influencing  greatly  the  general  result  of  the  case.  Thus,  a  fracture 
may  be  complicated  with  injury  of  an  important  internal  organ,  as  of  the 
brain,  lung,  or  bladder  ;  the  injury  to  the  organ  being  inflicted  by  the  pro- 
jection against  it  of  one  of  the  broken  fragments.  A  fracture  is  not  unfre- 
quently  complicated  Avith  the  wound  of  one  of  the  principal  arteries  of  the 
part,  as  happens  especially  hi  the  leg,  where  the  tibial  arteries,  being  in  close 
contact  with  the  bone,  are  often  torn  by  the  broken  ends.  In  other  cases 
again,  the  fracture  is  associated  with  injury  of  a  joint  or  with  dislocation. 

Besides  these  varieties  of  fracture,  it  occasioually.happens  that  a  bone  is  only 
cracked,  or  partially  broken.  This  especially  occurs  in  the  bending  of  bone  in 
children,  in  which  cases  the  fracture  may  be  Partial  or  Incomplete,  merely 
extending  across  the  convexity  of  the  cm've  made  by  the  bone.  This  is  some- 
times called  the    green-stkJc''''  fracture. 

Direction. — The  direction  assumed  by  fractm'es  varies  greatly,  and  depends 
materially  on  the  cause  of  the  injury,  as  well  as  upon  the  bone  that  is 
fractured. 

The  line  of  fracture  may  run  through  a  bone  in  three  different  directions  : 
either  iransirrscJ//,  ohliqueh/,  or  longitudinallij  to  its  axis. 

The  Transverse  Fracture  is  the  simplest,  and  is  seldom  complicated  with 
injury  to  the  neighbouring  parts.  It  chiefly  occurs  in  children,  and  very  fre- 
quently between  the  articular  extremity  and  the  shaft  of  a  bone  ;  it  unites 
readily,  and  is  attended  by  but  little  displacement.  It  is  most  commonly  the 
result  of  direct  violence,  but  it  may  arise  from  muscular  action,  as  in  the  case 
of  the  patella,  which  is  usually  broken  in  this  way. 

The  Oblique  Fracture  commonly  occurs  from  indirect  violence  ;  the 
breaking  force  being  applied  to  the  ends,  and  not  across  the  shaft.  It  often 
runs  a  long  way,  more  than  half  the  distance  of  the  shaft  of  a  boiie,  and  is 
more  dangerous  than  the  transverse,  owing  to  the  obliquity  of  the  fracture 
causing  the  ends  of  the  bone  to  be  sharply  pointed  (Fig.  173),  and  thus 
frequently  to  puncture  the  skin,  or  to  perforate  an  artery.  It  is  more  tedious 
in  its  cure  than  the  transverse,  owing  to  the  extent  of  surface  over  which  the 
process  of  repair  has  to  be  carried  on,  and  the  difficulty  of  keeping  the  fragments 
directly  in  apposition  ;  hence,  also,  there  is  a  greater  liability  to  shortening 
of  the  limb.  It  is  principally  met  with  in  the  shafts  of  the  long  bones  of 
adults  and  elderly  people. 

The  Spiral  Fracture  is  the  result  of  violent  twists,  and  is  most  frequently 
met  with  in  the  tibia  and  femur.  In  it  the  fissure  runs  obliquely  round  the 
axis  of  a  long  bone.  The  fi-acture  is  usually  rendered  complete  by  a  second 
fissure  joining  the  line  of  the  spiral;  but  it  has  been  occasionally  met  with 
in  an  incomplete  form. 
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The  Longitudinal  Fracture  consists  of  a  splitting  or  fissure  of  a  bone  in  the 
direction  of  its  axis  (Fig.  173,  h).  Longitudinal  fi-acture,  or  splitting  of  bone, 
is  not  very  common  in  civil  practice  ;  but  in  military  practice  it  is  fi-equent, 
especially  fi-oin  the  action  of  conical  rifle-balls.    In  saoh  cases,  when  the  shaft 
is  struck  and  shattered,  the  splitting  of  the  bone  may  extend 
widely  in  either  direction— sometimes  into  the  neighbouring 
joint  (Fig.  109,  p.  328),  although,  as  Stromeyer  has  remarked, 
it  usually  stops  short  of  this,  terminating  at  the  epiphysis. 
When  the  fracture  is  produced  by  a  blow,  which  need  not  be 
a  Tery  severe  one,  upon  the  articular  end,  the  bone  may  be 
split  and  the  joint  opened.     In  flat  bones,  the  fissures  may 
radiate  from  the  spot  to  which  the  violence  has  been  applied, 
forming  the  stellate  fracture  ;  or  a  sharp  instrument  may 
perforate  the  Ijune,  giving  rise  to  a  punctured  fracture. 

The  Separation  of  the  Epiphysis  of  one  of  the  long 
bones  from  the  shaft,  at  the  line  of  junction,  is  an  accident  that 
occasionally  occurs  in  children  and  young  people  at  any  period 
up  to  that  of  the  completion  of  the  ossification  between  the 
parts.    Hence  it  is  met  with  under  the  age  of  21  or  22.  This 
kind  of  fracture  is  always  transverse.    It  is  apt  to  simulate  a 
dislocation  very  closely  ;  but  the  diagnosis  may  be  made  by 
finding  that  the  articulation  is  always  intact,  and  its  move- 
ments usually  fi-ee.    Union  readily  takes  place  by  bone,  and 
the  longitudinal  growth  is  consequently  in  many  cases  seriously 
interfered  Avith.    Not  only  are  the  epiphyses  of  the  long  bones 
liable  to  this  separation  through  the  line  of  junction,  but  the  same  thing 
may  happen  to  various  processes,  as  the  acromion,  olecranon,  &c. ;  and  some 
osseous  structures,  as  the  acetabulum  and  sternum,  are  apt  under  external 
violence  to  separate  into  their  original  component  parts. 

Signs  of  Fracture. — The  history  given  by  a  patient  who  has  broken  a 
bone  will  usually  be  that  he  has  met  with  a  violent  accident,  during  Avhich  he 
felt,  and  perhaps  heard,  something  break  or  snap,  and  that,  immediately,  he 
found  himself  unable  to  move  the  affected  part,  and  any  attempt  to  do  so 
caused  the  most  agonizing  pain.    These  facts  are  common  to  many  other 
injuries  besides  fractures,  and  serve  merely  to  direct  the  Surgeon's  attention 
to  the  seat  of  injury.    The  patient  must  be  carefully  stripped,  the  injured 
part  being  disturbed  as  little  as  possible,  the  clothes  being  cut  wherever  it  is 
necessary,  rather  than  pulled  off,  as  any  violent  movement  might  convert  a 
simple  fracture  into  a  compound.    The  limb  being  fully  exposed,  the  Surgeon 
proceeds  to  examine  it  first  by  inspection,  secondly  by  measuring,  and  lastly 
by  manipulation,  comparing  it  in  form  and  size  with  the  uninjured  part  on 
the  opposite  side.    It  is  better  to  leave  the  painful  process  of  manipulation  till 
last,  as  in  many  cases  the  existence  of  a  fracture  can  be  determined  without 
resorting  to  it.    The  limb  will  often  show  some  increase  in  size,  due  either  to 
the  extravasation  of  blood  round  the  fracture,  which  often  takes  place  to  a 
very  considerable  extent,  even  without  the  wound  of  any  principal  vessel  ;  or 
to  the  approximation  of  the  attachments  of  the  muscles  by  the  shortening  of 
the  limb.  Diminished  bulk,  or  flattening,  occurs  in  some  cases,  in  consequence 
of  the  weight  of  the  limb  drawing  the  part  down,  and  thus  lessening  natural 
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rotniidity.  Neither  pain  nor  alteration  of  bulk  can  be  regarded  as  pathogno- 
monic of  fracture. 

The  more  special  and  peculiar  signs  of  fracture  are  three  :  1.  A  Cliange  in 
the  Shape  of  the  Liuib  ;  2.  Mobility  in  its  Continuity  ;  and  3.  The  Existence 
of  Grating  between  the  Broken  Ends  of  tlie  Bone. 

1.  The  Change  in  the  Shape  of  the  Limb,  due  to  the  displacement  of 
portions  of  the  broken  bone,  is  a  most  important  sign  of  fracture ;  it  manifests 
itself  by  a  want  of  coiTespondencc  between  the  osseous  points  on  opposite  sides 
of  the  body,  by  an  increase  or  diminution  of  the  natural  curves  of  the  limb, 
by  angularity,  shortening,  or  swelling. 

In  investigating  the  existence  and  extent  of  displacement  in  a  case  of  fi-ac- 
ture,  the  Surgeon  should  compare  the  corresponding  points  of  bone  on  the 
opposite  sides  of  the  body,  and  their  situation  relative  to  some  fixed  and  easily 
distinguishable  neighbouring  prominence  on  the  trunk  or  uninjured  part  of  the 
limb.  From  this  the  measurements  may  be  taken,  by  grasping  the  injured 
part  and  the  corresponding  portion  of  the  healthy  hmb  in  each  hand,  and 
running  the  fingers  lightly  over  the  depressions  and  elevations,  marking  any 
difference  that  exists  :  or,  if  greater  accuracy  be  required,  measuring  by  means 
of  a  tape.  In  some  cases  the  measurement  must  not  be  made  between  the 
tmnk  and  the  hmb  injured,  or  even  from  one  extremity  of  the  limb  to  the 
other,  as  shortening  of  the  whole  member  might  depend  on  causes  other  than 
fracture,  such  as  wasting,  disease  of  joints,  or  dislocation  ;  when  this  is  the 
case,  the  measurement  must  be  taken  between  difFerent  points  of  the  bone 
injured,  and  compared  with  a  similar  measurement  of  the  sound  limb  ;  and  in 
children  the  length  of  the  uninjured  bones  of  the  limb  must  also  be  compared 
in  order  to  ascertain  whether  the  shortening  is  due  to  a  general  want  of 
growth  in  the  limb. 

The  displacement  of  a  broken  bone  may  be  the  direct  result  of  the  violence 
which  occasions  the  fracture,  the  fragments  being  driven  out  of  their  position, 
as  when  a  portion  of  the  skull  is  beaten  in  ;  or  it  may  result  from  the  weight 
of  the  limb  dragging  downwards  the  lower  fragment,  as  in  a  case  of  fractured 
acromion.  In  some  cases  it  is  either  occasioned  or  greatly  increased  by  the 
direction  of  the  fi-acture.  Thus,  in  several  cases  of  broken  tibia  which  have 
been  under  my  cnre,  the  line  of  fracture  being  oblique  from  above  downwards, 
and  from  beftjre  backwards,  I  have  found  the  upper  end  of  the  lower  fragment 
project  considerably  forwards,  sliding,  as  it  were,  along  an  inclined  plane  in 
the  upjier  fragment ;  and  in  one  of  these  cases,  which  I  had  an  opportunity  of 
dissecting  after  amputation,  the  direction  of  the  fracture  had  evidently  deter- 
mined the  direction  of  the  displacement.  In  transverse  fractures  there  is  often 
but  slight  displacement. 

Muscular  contraction  is,  however,  without  doubt  the  great  cause  of  displace- 
ment :  hence  it  has  been  found  that,  in  paralysed  limbs  which  are  fractured, 
there  is  but  little  deformity.  The  contraction  of  the  muscles  of  the  part 
approximating  their  points  of  attachment,  draws  the  most  movable  fragment 
out  of  its  normal  position,  owing  to  the  sup]iort  or  resistance  offered  by  the 
bone  being  removed.  The  other  causes  that  have  just  been  mentioned,  tend 
greatly  to  favour  this  kind  of  displacement ;  but  in  some  cases,  as  in  fractured 
patella,  the  displacement  is  entirely  muscular,  and  in  all  fractures  of  the  long 
bones  it  is  due  chiefly  to  muscular  contraction. 
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The  Direction  of  the  Displacement  is  influenced  principally  by  the 
direction  of  the  fracture,  the  position  of  the  limb,  and  muscular  action ;  it 
may  be  angular,  transverse,  longitudinal,  or  rotatory. 

In  the  anrjular  displacement  there  is  an  increase  of  the  natural  curvature  of 
the  limb,  the  concavity  of  the  angle  being  on  the  side  of  the  most  powerful 
muscles ;  thus,  for  example,  in  fracture  of  the  thigh,  the  angle  projects  on  the 
anterior  and  outer  side  of  the  limb,  because  the  strongest  muscles,  being 
situated  behind  and  to  the  inner  side,  tend,  by  their  contraction,  to  approxi- 
mate the  fi-agments  on  that  aspect.  This  displacement  occurs  principally  in 
oblique  and  comminuted  ft-actures. 

The  transverse  or  lateral  displacement  occm's  when  a  bone  is  broken  directly 
across.  The  fragments  often  hitch  one  against  another,  so  being,  as  it  were, 
entangled  together,  and  in  this  case  there  is  often  but  very  little  deformity. 

Longitudinal  displacement  is  invariably  shortening  when  the  fracture  occurs 
in  the  shaft  of  a  long  bone.  It  is  due  in  most  cases  to  muscular  action,  the 
broken  ends  of  bone  being  brought  together  so  as  to  overlap  or  "  ride  "  over 
one  another.  In  other  cases,  the  shortening  may  be  owing  to  the  impaction 
of  one  fragment  in  the  other.  In  some  cases  there  is  preternatural  separation 
of  the  fragments,  the  weight  of  the  limb  tending  to  drag  the  lower  one  down- 
wards, or  muscular  contraction  drawing  the  upper  one  away  from  it,  as  in 
fracture  of  the  patella. 

The  rotatory  displacement  may  be  owing  to  the  contraction  of  particular 
sets  of  muscles,  twisting  the  lower  fragment  on  its  axis  as  well  as  producing 
shortening  of  the  limb.  Thus  the  supinators  in  some  fractures  of  the  radius 
have  a  tendency  to  rotate  the  lower  fragment  outwards.  In  other  cases  the 
line  of  obliquity  of  the  fracture  may  determine  the  rotatory  displacement  ;  and 
in  the  lower  limb  the  weight  of  the  limb  will  always  turn  the  lower  fragment 
outwards,  just  as  the  limb  of  a  dead  body  rolls  on  to  its  outer  side. 

2.  The  occurrence  of  Preternatural  Molaility  in  the  Continuity  of  a 
bone  cannot  exist  -without  fracture,  and  separation  of  the  fragments  from  one 
another ;  hence,  its  presence  may  always  be  looked  upon  as  an  miequivocal 
sign  of  broken  bone.  But  ft-acture  may  exist  without  it :  thus,  it  occasionally 
happens  that  fracture  takes  place,  and,  owing  to  the  impaction  or  wedging 
together  of  the  fragments,  mobility  is  not  perceived. 

3.  Another  sign  of  much  value  in  practice  is  the  occurrence  of  Crepitus 
or  rather  of  the  Grating  together  of  the  Rough  Surfaces  of  the  Broken 
Bone,  which  can  be  felt  as  well  as  heard  on  moving  the  limb.  This  grating 
can  occur  only  when  the  fragiuents  are  movable  and  in  contact,  and  is 
especially  perceptible  when  the  rough  ends  of  the  broken  bone  are  rubbed 
directly  against  one  another.  It  is  not,  however,  an  invariable  accompaniment 
of  fracture  ;  being  absent  in  some  cases,  in  which  the  fracture  is  firmly 
impacted  or  the  fragments  are  widely  separated.  It  must  not  be  con- 
founded with  the  crepitation  that  occurs  in  the  limbs  from  other  causes,  as 
from  emphysema,  or  from  the  efPiTsion  of  serous  fluid  into  the  sheaths  of  the 
tendons,  wliich  gives  rise  to  a  pecuhar  crackling  sensation,  very  different  from 
the  rough  grating  of  a  fracture.  There  is  a  species  of  false  crepitus  also 
experienced  sometimes  in  injuries  of  joints,  consisting  of  a  snap  or  click 
rather  than  of  true  grating,  which  is  sometimes  mistaken  by  inexperienced 
practitioners  for  true  crepitus  of  broken  bone.  The  roughened  surfaces  of  a 
joint  m  the  later  stages  of  chronic  rheumatic  arthritis  will,  however,  give  rise 
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to  a  grating  which  it  is  very  difficult  to  distinguish  from  that  of  a  broken  bone. 
As  a  rule  it  is  finer  and  more  reguhir  than  the  crepitus  of  a  fracture. 

In  some  cases  in  which  the  mobiUty  cannot  be  clearly  felt,  the  patient  will 
complain  of  pain  at  the  seat  of  fracture  when  an  attempt  is  made  to  find  it,  or 
when  a  distant  part  of  the  bone  is  pressed  on.  This  is  often  a  very  useful 
means  of  diagnosis  in  fi-actures  of  the  fibula  and  ribs. 

It  will  thus  be  seen  that  none  of  these  three  signs  alone  is  absolutely  to  be 
relied  upon,  and  it  usually  requires  a  combination  of  at  least  two  of  them  to 
determine  whether  fractm-e  exists.  In  ascertaining  the  existence  of  a  fracture, 
the  Surgeon  should  make  the  necessary  manipulations  with  the  utmost  gentleness, 
but  yet  effectually,  so  that  no  uncertainty  may  be  allowed  to  remain  as  to  the 
seat  and  nature  of  the  injury,  more  especially  when  it  occurs  in  the  vicinity  of 
a  joint.  The  increased  mobility  may  be  ascertained  by  fixing  the  upper  frag- 
ment and  rotating  the  lower  portion  of  the  limb  ;  the  crepitus  by  drawing 
down  the  lower  fragment,  so  as  to  bring  the  rough  surfaces  into  apposition, 
and  then  grasping  the  limb  at  the  seat  of  fracture  with  one  hand,  and  rotating 
it  gently  with  the  other.  The  displacement  must  be  ascertained  by  measuring 
the  limb  carefully  in  the  way  that  has  been  directed,  and  by  comparing  the 
injured  with  the  sound  side. 

Diagnosis. — The  diagnosis  of  an  ordinary  fracture  is  seldom  attended  by 
any  material  difficulty.  The  co-existence  of  displacement,  of  abnormal 
mobility,  and  of  crepitus,  will  usually  enable  the  Surgeon  at  once  and  readily 
to  pronounce  with  certainty  its  existence,  when  it  is  simple.  When  it  is  com- 
poimd,  there  is  frequently  the  additional  evidence  afibrded  by  the  protrusion  of 
the  end  of  one  of  the  fragments  ;  and  if  it  be  comminuted  as  well,  the  loose 
splinters  will  be  readily  felt. 

There  are,  however,  two  conditions  that  render  the  detection  of  a  simple 
fracture  occasionally  difficult.  The  first  is,  when  only  one  of  two  or  several 
contiguous  bones  is  broken  ;  the  other,  when  the  fi-agments  are  impacted. 

When  only  one  bone  is  broken  in  a  situation  where  there  are  two  or  more, 
as  in  the  leg,  fore-arm,  metacarpus  or  metatarsus,  very  close  and  careful  mani- 
pulation of  the  injured  bone  may  be  required.  The  Surgeon  must  run  his 
finger  carefully  over  the  most  projecting  ridge,  feel  for  slight  inequality  or 
oBdema  at  one  part,  or  perhaps  he  may  elicit  the  faintest  occasional  crepitus  on 
fully  and  deeply  moving  the  bone  at  the  seat  of  suspected  fracture  ;  or,  failing 
this,  severe  pain  may  be  elicited  in  the  line  of  the  bone  by  forcing  its  two 
extremities  towards  each  other,  or  by  applying  force  in  such  a  ^^•ay  as  to 
bend  it. 

In  the  case  of  impaction  the  diagnosis  is  even  more  difficult.  Here  no 
crepitus,  and  no  preternatural  mobility,  can  be  found ;  but  the  Surgeon  must 
be  led  to  his  diagnosis  by  the  recognition  of  the  peculiar  displacement  and 
distortion  which  may  be  characteristic  of  the  particular  fracture,  as,  for 
instance,  the  deformity  of  the  wrist  in  impacted  fracture  of  the  lower  end  of 
the  radius. 

The  difficulties  of  diagnosis  in  fracture  of  a  single  bone,  or  in  an  impacted 
fracture,  are  necessarily  most  seriously  increased  if  there  be  much  extravasation 
of  blood  into  the  limb  ;  or,  when  the  fracture  is  through  an  articular  end,  if 
there  should  be  much  effusion  into  the  neighbouring  joint.  In  these  cases  of 
doubt  it  is  wiser  to  put  up  the  limb  as  if  there  were  a  fracture,  and  to  wait  for 
the  subsidence  of  the  swelling  before  the  diagnosis  is  finally  determined.    It  is 
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far  better  to  put  uj)  an  unbroken  limb  unnecessarily  than  to  neglect  to  put  it 
up  if  fractured. 

As  has  already  been  stated,  the  existence  of  a  fi-acture  when  compoimd,  and 
more  particularly  if  commiimled,  is  usually  readily  determined.  Here,  the 
great  mobility,  the  protrusion  of  fragments  or  splinters,  and  the  ready  crepitus, 
will  seldom  allow  the  Surgeon  to  be  in  error.  Should  any  doubt  exist,  the 
introduction  of  the  linger  into  the  wound  will  enable  him  to  determine  with 
certainty,  not  only  the  existence,  but  the  condition  and  extent  of  the  fracture  ; 
but  on  no  account  must  a  probe  or  metal  instrument  of  any  kind  be  used,  or  a 
simple  fracture  complicated  with  a  wound  may  accidentally  be  made  compound. 
But  with  all  the  assistance  that  may  thus  be  afforded,  the  -s-ery  existence  of  a 
bad  compound  and  comminuted  fracture  may  be  unsuspected  for  many  days, 
even  though  most  careful  examinations  have  been  made  with  the  view  of  ascer- 
taining its  presence.  Of  this  important  fact,  which  may  have  weighty  bearings 
in  medico-legal  investigatious,  the  following  case  is  a  good  illustration.  A 
young  man  was  shot  with  a  wooden  ramrod  through  the  left  hand  and  shoulder, 
by  the  accidental  explosion  of  his  gun  whilst  he  was  loading  it.  The  ramrod 
struck  the  humerus  three  inches  below  the  shoulder-joint,  full  on  its  fore  part. 

It  was  splintered  against  the  bone,  the  fragments  passing  on 
each  side,  and  mostly  escaping  through  two  apertures  of  exit 
posteriorly  ;  some  passing  to  the  iimer  side  between  the  large 
vessels  and  the  bone,  the  others  to  the  outer  side  between  it 
and  the  deltoid.  The  patient  was  brought  to  the  Hospital, 
Avhere  I  saw  him  a  few  hours  after  the  injury,  and,  enlarging 
the  wounds,  extracted  a  number  of  sjilinters  of  the  ramrod 
from  around  the  bone.  The  limb  was  carefully  examined,  not 
only  by  me,  but  by  several  other  Surgeons  present,  to  determine 
whether  the  bone  had  been  fi-actured,  or  the  joint  injured. 
There  was  no  sign  of  fracture  to  be  detected — no  shortening, 
no  mobility,  no  crepitus,  no  inequality  when  the  fingers  were 
freely  passed  into  the  wounds,  no  displacement  at  all.  As  no 
fracture  appeared  to  exist,  the  limb  Avas  laid  on  a  pillow,  and 
irrigation  employed.  Diffuse  cellulitis  set  in,  followed  by  ex- 
tensive and  deep  suppuration  in  the  limb.  On  examining  this, 
with  the  view  of  giving  a  free  exit  to  the  discharges,  eiglit  days 
after  the  accident,  displacement  and  crepitus  were  for  the 
first  time  found,  and  it  became  evident  that  the  humerus  had 
sustained  a  comminuted  fracture.  The  patient  died  of  pytemia  ;  and  after 
death  the  bone  presented  the  appearance  here  given  (Fig.  174),  a  long  splinter 
having  been  detached  in  a  longitudinal  direction,  a  b,  and  the  shaft  broken 
across  at  c.  Here,  then,  was  not  only  a  compound,  but  a  conmiinuted 
fracture,  detected  for  the  first  time  a  week  after  the  infliction  of  the  injury. 
It  appeared  probable  that  the  blow  of  the  ramrod  had  fractured  the  "bone 
longitudinally,  detaching  the  large  splinter,  which  had  become  impacted  ; 
and  that  the  shaft  still  held  together  by  a  narrow  bridge  of  bone  at  c' 
which  being  broken  across  subsequently  in  moving  the  limb,  now  become 
heavy  with  inflammatory  infiltration,  led  to  the  shortening  of  the  limb  and  the 
lateral  displacement  of  the  fragments. 

Union  of  Fractured  Bone.— A  fi-actured  bone  is  ultimately  united  by 
the  formation  of  new  bone  around,  within,  and  lastly  between  the  broken 


Fig.  174.— Commi- 
iiutetl  Fracture 
of  tlie  Huinei-us 
without  dis- 
placement. 
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fi-agnients.  In  certain  fractures  in  which  the  fragments  cannot  be  brought 
into  accurate  apposition,  as  in  those  of  the  patella  and  olecranon,  union  is 
elTected  by  fibrous  tissue,  and,  under  various  abnormal  oi"  constitutional  con- 
ditions that  will  be  hereafter  considered,  the  same  form  of  union  may  occur  iu 
any  part  of  the  body. 

The  new  bone  that  constitutes  the  bond  of  union  is  termed  Callus.  In 
most  cases  a  larger  quantity  of  this  is  developed  than  is  pernianently  left. 
This  temporary  formation  of  bone  goes  by  the  name  of  the  provisional 
callus.  It  is  formed  partly  external  to  the  fracture,  incasing  the  broken 
ends,  and  partly  in  the  medullary  canal,  so  as  to  include  the  fragments 
between  layers  of  new  bone,  and  thus  maintain  them  in  contact.  That  which 
is  permanently  left,  and  which  intervenes  between  the  broken  ends,  is  called 
the  definitive  callus.  The  process  of  union  varies  somewhat  in  simple  and 
in  compound  fractures. 

Union  of  Simple  Fractures. — Our  knowledge  of  the  production  of  callus 
and  the  mode  of  union  of  a  broken  bone  is  derived  from  experiments  on  animals, 
but  there  is  no  doubt  that  the  process  is  essentially  the  snme  in  man,  slightly 
modified  in  some  cases  by  the  more  perfect  immobility  which  is  obtained  by 
treatment  in  the  human  subject.  The  subject  has  been  investigated  by 
numerous  observers  for  the  last  150  years,  amongst  whom  the  following  are 
])erhaps  the  most  important  :  Duhamel,  Haller,  Bordenave,  John  Hunter, 
Dupuytrcn,  Breschet,  A'illerme,  Stanley,  Paget,  Billroth,  Gurlt,  and  Bajardi. 
All  observers  may  be  said  to  be  more  or  less  closely  agreed  as  to  the  coarser 
changes  observed  in  the  union  of  a  bone,  but  there  is  still  considerable 
difference  of  opinion  with  regard  to  the  essential  nature  of  the  process  and  the 
histological  appearances  accompanying  it. 

The  process  of  union  of  a  broken  bone,  as  it  is  observed  experimentally  in  an 
animal,  may  be  divided  into  distinct  stages.  First,  the  period  of  inflamma- 
tion and  exudation  lasting  from  the  time  of  fracture  to  about  the  end  of  the 
third  day.  Secondly,  the  period  of  growth  of  the  soft  pro^^sional  callus  ex- 
ternally from  the  periosteum  and  surrounding  structures,  and  internally  in  the 
medulla,  and  this  lasts  till  about  the  tenth  to  fourteenth  day.  Thirdly,  the 
])eriod  of  ossification  of  the  provisional  callus,  lasting  to  about  the  end  of  the 
fourth  or  fifth  week.  Fourthly,  the  period  of  the  formation  and  ossifica- 
tion of  the  definitive  callus  between  the  actual  broken  ends  of  the  bone.  This 
commences  after  the  provisional  callus  has  become  firm,  and  is  not  completed 
till  a  late  period.  Lastly,  the  excess  of  callus  is  absorbed,  and  any  irregularities 
rounded  off.  This  is  not  completed  till  many  months  after  the  bone  has 
been  firmly  united.  These  processes  must  now  be  considered  more  in 
detail. 

If  the  part  be  examined  within  a  few  hours  of  the  fracture,  it  w'ill  be  found 
to  be  surrounded  by  an  abundant  extravasation  of  blood  ;  this  not  only  sur- 
rounds the  actual  fracture,  but  extends  some  distance  in  the  intermuscular 
spaces  of  the  limb,  and  frequently  also  in  the  areolar  tissue  beneath  the  deep 
fascia.  The  muscles  which  lie  in  close  contact  with  the  bone,  or  arise  from  it, 
at  the  point  of  fracture,  are  more  or  less  extensively  lacerated  ;  the  periosteum 
is  as  a  rule  completely  torn  through,  and  separated  from  the  broken  ends  for  a 
short  distance  on  one  or  both  sides,  leaving  a  ragged  edge.  In  some  cases  the 
periosteum  on  one  side  may  be  intact,  and  it  is  said  to  have  been  found  untoni 
even  in  complete  fractures.    As  a  rule  it  remains  uninjured  over  a  simple 
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fissure.  Blood  will  be  found  extravasated  also  in  the  medullary  canal  mixed 
up  with  the  fat. 

The  Period  of  Infiammation  mid  Exudation.— The  first  change  observed 
after  the  injury  are  the  ordinary  signs  of  inflammation — redness,  swelling,  and 
abundant  exudation.  This  aflects  the  whole  of  the  injured  soft  parts,  so  that 
by  the  third  or  fourth  day  the  fracture  will  be  found  to  be  surrounded  by  a 
greyish-red,  soft  mass,  not  sharply  defined,  but  infiltrating  the  neighbouring 
tissues ;  the  torn  ends  of  the  muscles  are  pale  in  colour  from  the  exudation 
betAveen  the  fibres  ;  the  areolar  tissue  is  no  longer  clearly  recognizable, 
its  spaces  being  filled  by  the  coagulated  inflammatory  exudation ;  the 
outer  layer  of  the  periosteum  is  in  like  manner  swollen  and  scarcely  recog- 
nizable, and  the  inner  layer  is  so  soft  and  swollen  as  to  be  almost  gelatinous  ; 
the  whole  membrane  can  be  stripped  from  the  bone  with  unnatural  ease  for 
some  distance  from  the  seat  of  fracture.  In  the  midst  of  th6  exudation,  patches 
of  unaltered  blood-clot  will  still  be  seen,  but  a  great  part  of  the  extravasation 
in  the  immediate  neighbourhood  of  the  fi-acture  will  have  already  been  partly 
discolom-ed. 

Microscopic  examination  at  this  stage  shows  the  usual  appearances  of  in- 
flammation ;  the  vessels  are  distended  with  blood,  and  all  the  spaces  of  the 
tissues  are  filled  with  wandering  white  corpuscles,  either  closely  in  contact  with 
each  other,  or  separated  by  a  small  quantity  of  homogeneous  or  fibrinous  in- 
tercellular substance. 

In  the  medulla  the  fat  has  disappeared  from  the  immediate  neighbourhood 
of  the  injury,  and  its  place  is  taken  by  an  exudation  similar  to  that  lying 
externally. 

The  groivtti  of  the  soft  provisional  callus. — During  this  stage  the  excess  of 
the  early  inflammatory  exudation  and  the  remainder  of  the  blood-clot  in  the 
neighbourhood  of  the  injury  is  absorbed,  and  there  is  gradually  developed  round 
the  ends  of  the  broken  bone  a  fusiform  mass,  holding  them  together  with 
some  degree  of  firmness.  At  first  this  is  soft,  almost  jelly-like,  and  homo- 
geneous in  appearance,  and  the  ragged  ends  of  the  torn  periosteum  become  lost 
in  it.  It  then  gradually  increases  in  firmness,  till  at  last  it  becomes  of  cartila- 
ginous density,  and  in  animals,  becomes  actually  converted  into  cartilage. 
The  microscope  shows,  during  this  stage,  that  the  soft  mass  at  first  formed 
presents  the  ordinary  appearances  of  granulation-tissue  in  the  greater  part  of 
its  extent ;  near  the  surface  muscular  fibres  or  bands  of  fibrous  tissue  may  be 
found  mixed  with  it,  showing  that  it  is  not  formed  solely  from  the  periosteum, 
but  also  from  the  surrounding  parts.  Close  to  the  bone,  however,  from  a  very 
early  period,  about  the  third  or  fourth  day,  cells  are  found  of  larger  size  than 
those  of  ordinary  granulation-tissue,  having  one  or  more  nuclei,  suiTounded  by 
a  finely  granular  protoplasm  ;  they  are  usually  oval  or  spindle-shaped,  or 
sometimes  angular  in  form,  thus  presenting  the  characters  of  osteoblasts.  As 
the  callus  increases  in  density  the  superficial  parts  of  it  undergo  the  ordinary 
changes  of  the  development  of  granulation-tissue  into  fibrous  tissue,  and  thus 
a  layer  is  formed  which  afterwards  becomes  the  fibrous  part  of  the  new  perios- 
teum covering  the  callus.  In  animals  the  greater  part  of  the  soft  callus 
becomes  developed  into  cartilage.  A  homogeneous  ground  substance 
forms  between  the  cells,  which  now  assume  a  sharply  defined  outline.  The 
cartilage-formation  is  most  perfect  in  the  immediate  neighbourhood  of  the 
broken  ends  of  the  bone  ;  at  the  point  most  removed  from  "the  fracture,  where 
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the  new  tissue  is  exposed  to  the  smallest  degree  of  disturbance  by  any  acci- 
dental movement,  lime-salts  are  deposited  in  the  gTound-substance  amongst 
the  osteoblasts  without  any  true  development  of  cartilage.  Similar  changes 
occur  in  the  medullary  canal,  true  cartilage  being  formed  only  at  the  immediate 
seat  of  fracture. 

2Vie  complete  ossification  of  the  provisional  callus. — The  formation  of  new 
bone  in  the  soft  callus  commences  by  the  appearance  of  yellowish-white  points 
or  streaks  appearing  first  in  the  part  in  contact  with  the  bone  at  the  point 
furthest  removed  from  the  seat  of  fracture.  These  points  and  streaks  gradually 
increase  till  the  callus  becomes  converted  into  soft  spongy  bone,  containing 
wide  cancellous  spaces  filled  with  red  vascular  medullary  tissue.  The  ossifica- 
tion gradually  spreads  fi'om  above  and  below,  towards  the  seat  of  fi'acture,  till 
the  process  of  conversion  of  the  soft  callus  into  bone  is  complete.  The 
changes  that  occur  within  the  medullary  canal  are  of  the  same  character. 
The  new  bone  thus  formed  differs  from  normal  compact  tissue  in  being  softer, 
more  vascular  and  spongy.  If  a  longitudinal  section  of  the  bone  be  made,  it 
will  be  seen  that  the  callus  is  covered  by  a  thick  vascular  periosteum  which 
can  be  stripped  off  without  difficulty  ;  it  leaves  the  surface  of  the  callus  rough 
and  spongy,  Avith  wide  Haversian  canals  containing  some  red  medullary  tissue. 
The  trabeculae  of  the  callus  are  set  at  right  angles,  or  nearly  so,  to  the  surface 
of  the  compact  bone  beneath,  from  which  the  callus  can  at 
first  be  separated  without  difficulty.  If  this  be  done,  how- 
ever, the  surface  of  the  compact  bone  is  seen  to  be  slightly 
more  spongy  than  natural,  the  openings  of  the  Haversian 
canals  l)emg  enlarged. 

Microscopic  observation  shows  that  when  ossification  of 
the  callus  takes  place  without  the  previous  formation  of  car- 
tilage, the  cells  most  distant  from  a  vessel  assume  the  angular 
form  of  osteoblasts,  lime-salts  are  deposited  in  the  ground- 
substance  between  them,  and  true  bone  is  developed.  On 
the  surface  of  this  lamella  of  bone  a  layer  of  osteoblasts 
remains,  by  the  activity  of  which  the  process  is  continued, 
and  the  space  around  the  vessel  gradually  nan'owed,  till  it 
is  reduced  to  the  form  of  a  Haversian  canal.  If  car- 
tilage have  previously  formed,  new  vessels  penetrate  it,  both 
from  the  bone  beneath  and  from  the  periosteum,  as  a 
preliminary  step  towards  ossification.  The  ossification  of  the 
callus  in  the  medullary  canal  proceeds  in  the  same  way. 

The  develoimunt  and  ossification  of  the  intermediate  or 
definitive  callus,  proceed  in  the  same  way  as  in  the  formation 
of  the  provisional  callus.  The  time  at  which  it  forms  will  Fig.  175.  —  Fracture 
depend  greatly  upon  the  perfection  of  the  apposition,  and  ^Msiona^ral^us.^^™" 
the  immobility  attained  by  treatment.  It  is  evident  that  no 
process  of  repair  can  take  place  between  two  surfaces  of  compact  bone  so  long 
as  they  are  grinding  against  each  other  at  each  movement  of  the  limb.  The 
first  change  observed  is  an  enlargement  of  the  Haversian  canals.  This  is 
effected  by  the  growth  of  new  cells  within  the  canal.  These,  according  to 
some  pathologists,  are  migratory  white  corpuscles,  but  according  to  others, 
cells  developed  from  the  medullary  tissue  in  the  Haversian  canals.  Be  this 
as  it  may,  the  bony^  wall  of  the  canal  is  absorbed  before  the  new  cells.  As 
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soon  as  the  opposing  fragments  are  put  at  perfect  rest  the  new  cells  sprout 
out  from  the  canals  on  each  side  and  fill  the  space.  Ossification  then  jDroceeds 
in  the  new  tissue  thus  formed,  but  without  the  previous  formation  of 
cartilage. 

The  absorption  of  the  2^rovi&ional  callus  forms  the  final  stage  of  repair  of  a 
fracture.  At  first  the  porous  callus  becomes  more  compact,  harder,  and  less 
vascular,  and  as  the  change  takes  place  it  becomes  more  intimately  connected 
with  the  old  bone  which  it  now  closely  resembles  iu  structure.  This  hardening 
is  most  marked  in  the  deeper  layers  in  contact  with  the  old  bone,  and  as  it 
takes  place  absorption  goes  on  in  the  part  next  the  periosteum,  which  at  the 
same  time  becomes  smooth  and  even.  In  the  medullaiy  canal  the  new  bone 
l)ecomes  more  and  more  cancellous  in  its  structure,  and  finally  there  may  be 
complete  restoration  of  the  medullary  canal,  though  this  is  undoubtedly  rare. 
The  absorption  of  the  callus  is  never  complete,  some  thickening  permanently 
remaining  at  the  seat  of  fracture,  ho^vever  perfect  the  apj)08itiou  and  rest  may 
have  been.  Any  irregular  points  of  bone,  that  may  ha^^e  been  projecting  after 
the  union,  become  gradually  absorbed  and  rounded  ofi'.  These  final  processes 
are  not  completed  for  a  year  or  more  after  the  fracture  has  been  united. 

Thus,  it  will  be  seen  that  the  jDrocess  is  analogous  in  every  way  to  repair  of 
a  wound  by  the  first  intention.  First  there  is  the  exudation  resulting  from 
the  simple  tramuatic  inflammation,  the  effect  of  the  mechanical  violence  ;  then 
follows  the  development  of  a  vascular  tissue,  composed  of  indifferent  embryonic 
cells  or  granulation-tissue  ;  this  develops  into  the  form  of  connective  tissue 
natural  to  the  part ;  and  finally  the  obliteration  of  vessels  and  consolidation 
of  the  cicatricial  tissue  occurs,  as  in  the  formation  of  a  scar  in  the  soft  parts. 
The  same  questions  are  in  dispute  in  the  union  of  fractured  bones  as  in  the 
rejiair  of  other  tissue,  namely,  what  part  is  taken  by  the  white  corpuscles  in 
the  formation  of  the  new  tissue,  and  what  is  the  exact  fate  of  the  blood-clot  ? 
One  point  with  regard  to  the  blood-clot  it  is  important  to  remember,  as  it 
might  be  of  importance  in  medico-legal  enquiries.  Although  it  completely 
disappears  fi'om  the  immediate  neighbourhood  of  the  fi'acturc  at  an  early 
])eriod,  layers  of  dark  coagulnm  may  often  be  found  beneath  the  superficial 
fascia  for  four  weeks  or  more  after  the  accident. 

The  process  above  described,  although  essentially  the  same  in  man,  differs 
nmch  in  its  details.  The  process  is  slower,  and  the  formation  of  callus  is  as 
a  rule  less  abundant.  If  the  fracture  be  well  treated,  it  may  in  fiict  be 
almost  wanting,  union  apparently  taking  place  by  the  direct,  or  almost  direct, 
formation  of  the  definitive  or  intermediate  callus.  Histologically,  the  most 
important  difference  is  that  in  man,  as  a  rule,  the  formation  of  cartilage 
does  not  occur.  It  has,  however,  been  met  with  in  the  union  of  bones  in 
children,  and  it  is  always  found  in  a  uniting  rib,  but  even  here  it  is  seldom 
pure,  the  ground  substance  l)eing  usually  fibrous.  Possibly  the  formation 
of  cartilage  in  the  rib  may  be  due  to  the  impossibility  of  fixing  the  injured 
bone,  owing  to  the  movements  of  respiration.  In  animals,  the  purest  cartilage 
is  found  exactly  opposite  the  seat  of  fracture,  where  there  will  necessarily  be 
the  greatest  disturbance  fi'om  movement. 

Modification  of  Union  of  simple  fracture.— The  amount  of  callus 
formed  iu  the  union  of  a  bone  varies  considerably.  It  is  greater  in  children 
than  HI  adults.  In  transverse  fractures  which  are  kept  steadily  in  apposition, 
but  little  callus  is  formed;  externally  it  may  be  scarcely  perceptible,  and 
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internally  it  maj  he  merely  a  thin  tube  not  obliteratiiifi-  the  medullary  canal. 
It  is  greater  in  those  bones  and  those  parts  of  a  bono  which  are  thickly 
covered  by  soft  parts,  being  formed  as  before  stated  not  only  from  the  perios- 
toum  and  bone,  but  also  fi'om  the  surrounding  tissues.  The  influence  of  the 
neighbouring  soft  parts  in  determining  the  formation  of  new  bone  is  well 
marked  in  the  tibia.  In  a  fracture  of  this  bone  we  find  that,  at  the  anterior 
and  inner  part,  which  is  thinly  covered,  union  takes  place  by  the  direct  for- 
mation of  intermediate  callus  ;  but  at  the  posterior  and  outer  side,  where  there 
is  a  thick  envelopment  of  tissue,  a  large  mass  of  provisional  callus  will  often  be 
found,  filling  up  even  the  interosseous  space.  Occasionally  we  find  that  the 
inflammation  set  up  around  a  fracture  has  extended  to  a  neighbouring 
bone,  and  caused  a  formation  of  now  bone  upon  it.  There  are  specimens  of 
bones  of  the  fore-arm  and  leg  in  the  University  College  Museum  illustrating 
this  point. 

The  formation  of  callus  is  also  gTeatly  influenced  by  the  nature  of  the  frac- 
ture. If  the  ft-acture  be  comminuted  and  the  fragments  disjilaced,  there  may 
be  an  abundant  formation  round  the  splintered  fragments  welding  them 
together.  If  there  be  great  displacement,  one  fragment  riding  far  over  the 
other,  the  callus  will  be  found  chiefly  between  the  two  fi"agments,  connecting 
them  together  by  a  bridge  of  bone.  So  also,  in  cases  of  great  angular  de- 
formity, when  the  final  process  of  partial  absorption  and  moulding  of  the  new 
bone  has  taken  place,  a  larger  amount  is  left  in  the  angle,  partly  filling  it  up. 
and  forming  a  sort  of  buttress  to  strengthen  the  bent  bone.  Lastly,  the  amount 
of  callus  is  influenced  very  greatly  by  treatment  ;  the  more  perfectly  rest  is 
maintained,  the  smaller  Avill  be  the  amount  of  callus  formed. 

Umon  of  a  separated  Epijyhysis  takes  place  in  the  same  way  as  union 
of  a  transverse  fracture.  It  almost  invariably  causes  complete  ossification  of 
the  epiphysial  cartilage  and  consequent  arrest  of  growth  from  that  end  of  the 
bone. 

TREATMENT    OF  FRACTURE. 

The  treatment  of  a  simple  fracture  uncomplicated  in  any  way  is  a  very 
simple  business.  All  that  the  Surgeon  has  to  do  is  to  place  the  fragments  in 
proper  position  and  in  good  apposition,  and  to  retain  them  there,  and  to  attend 
to  the  general  health  of  the  jiatient  on  ordinary  principles.  Nature  does  the 
rest.  In  no  way  can  the  Surgeon  accelerate  the  processes  or  improve  upon 
them.  By  meddlesome  treatment  he  may  do  much  to  retard  and  to  disturb 
them. 

Constitutional  Treatment  in  simple  fractures  requires  but  a  very  few 
words  of  explanation.  As  a  rule,  the  general  habits  of  life  should  be  interfered 
with  as  little  as  possible.  In  uncomplicated  fi-actures  of  the  upper  extremities, 
more  especially  in  the  young,  rest  for  a  few  days  in  bed  is  all  that  is  needed. 
The  patient  may  then  be  allowed  to  move  about  moderately  with  the 
limb  supported  on  proper  apparatus.  In  fractures  of  the  lower  extremities 
more  lengthened  rest  is  needed.  In  these  cases  the  diet  may  be  some- 
what reduced,  and  aperients  given  with  advantage  for  the  first  week  or 
ten  days.  After  this  the  usual  habits  of  life  in  these  resi3ect8  should  be 
resumed. 

In  old  persons  the  enforced  confinement  to  bed  and  the  sudden  inteiTuption 
of  the  ordinary  habits  of  life,  as  well  as  the  shock  to  the  system,  are  apt  to 
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exercise  an  injurious  and  sometimes  a  fatal  effect.  In  these  cases  there  are 
two  dangers  to  apprehend,  viz.,  hypostatic  congestion  of  the  lungs  and  the  for- 
mation of  bed-sores.  Both  are  avoided  by  propping  the  patient  up  in  bed,  the 
use  of  water  or  air  cushions,  and  change  of  posture  as  far  as  practicable.  It  is 
necessary  to  see  that  the  bed  is  veiy  smooth  and  firm — without  creases  ;  that 
all  crumbs  be  swept  away  daily  ;  and  that  scrupulous  attention  be  paid  to 
cleanliness  after  the  use  of  the  bed-pan.  Good  diet  and  a  fair  allowance  of 
stimulants  are  needed  in  these  cases.  The  early  use  of  the  starched  or  plaster- 
of-Paris-bandage  is  of  great  service  in  enabling  the  patient  to  get  up  sooner 
than  could  otherwise  be  done. 

In  aU  cases  of  simple  fracture  of  the  lower  extremities,  the  sooner  the  patient 
is  got  up  and  about  on  crutches  the  better.  Some  patients  speedily  learn  to 
use  these  instruments,  others  never  get  accustomed  to  their  use.  In  the  latter 
wheel-chair  should  be  substituted  for  them. 
Surgical  Treatment  of  Simple  Fracture. — In  conducting  the  treatment 
of  a  fracture,  the  object  of  the  Surgeon  should  be  not  only  to  obtain  a  sound 
and  strong  limb,  but  one  that  presents  as  little  deformity  and  trace  of  former 
injury  as  possible.  In  order  to  accomplish  this,  the  broken  ends  of  the  bone 
must  be  brought  into  as  perfect  apposition  as  possible,  the  recurrence  of  dis- 
placement must  be  prevented,  and  the  local  and  constitutional  condition  of  the 
patient  properly  attended  to. 

It  frequently  happens  that  a  Surgeon  is  called  to  a  case  of  fractm-e,  either 
immediately  after  the  accident  before  the  patient  has  been  moved  and  without 
being  informed  of  the  nature  of  the  case.  It  is  then  his  duty  to  superintend 
the  moving  of  the  patient,  and  to  see  that  it  is  done  as  far  as  possible  pain- 
lessly and  without  increasing  the  injury  to  the  soft  parts  by  needless  move- 
ment of  the  limb.  For  this  purpose  temporary  splints  maybe  applied  outside 
the  patient's  clothes,  and  secured,  in  the  absence  of  bandages,  by  pocket- 
handkerchiefs  tied  round  the  limb.  A  couple  of  walking-sticks  or  umbrellas, 
or  the  handle  of  a  broom,  may  thus  be  applied  to  the  thigh  or  leg  ;  or  a 
splint  cut  from  the  cover  of  a  book  to  the  arm.  Newspapers  folded  several 
times  till  they  form  a  mass  of  sufficient  stiffness  make  excellent  temporary 
splints. 

If  the  patient  have  been  already  moved  and  is  upon  a  bed,  the  limb  must 
be  placed  in  such  a  position  as  to  give  the  greatest  general  relaxation  of  the 
muscles.  Thus  the  lower  limb  must  be  flexed  and  placed  on  its  outer  side 
with  a  thin  pillow  under  the  knee.  In  fractures  of  the  upper  limb  the  arm 
should  lie  by  the  side  Avith  the  forearm  flexed.  The  patient  thus  being  made 
as  comfortable  as  possible,  the  necessary  arrangements  can  be  made  for  the 
definite  treatment  of  the  fracture.  If  the  case  be  one  of  severe  fracture  of  the 
upper  extremity,  or  of  any  kind  in  the  lower  Hmbs,  the  Surgeon  must  see  that 
the  bed,  on  which  the  patient  may  have  to  remain  for  some  weeks,  is  properly 
prepared,  by  being  made  hard,  flat,  and  firm,  and,  if  possible,  covered  with  a 
horse-hair-mattress.  The  Surgeon  must  then  superintend  the  removal  of  the 
patient's  clothes,  having  them  ripped  along  the  seams,  so  that  they  may  be 
taken  off  with  as  little  disturbance  as  possible  to  the  injured  part.  He  next 
proceeds  to  the  examination  of  the  broken  limb,  using  every  possible  ,o-entleness 
consistent  with  acquiring  a  proper  knowledge  of  the  fi-acture.  After  he  has 
satisfied  himself  upon  this  point,  the  limb  should  be  again  placed  in  a  com- 
fortable position,  until  any  necessary  apparatus  has  been" prepared. 
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Reduction. — When  all  has  been  got  ready,  the  reduction  of  the  fracture,  or 
the  bringing  the  fragments  into  proper  apposition,  must  be  proceeded  with. 
This  should,  if  possible,  always  be  done  at  once,  not  only  lest  any  displacement 
that  exists  may  continue  permanently — the  muscles,  after  a  few  days,  becoming 
shortened,  rigid,  and  unyielding,  not  allowing  reduction  to  be  effected  without 
the  employment  of  much  force — but  also  with  the  view  of  preventing  irritation 
and  mischief  to  the  limb,  by  the  projection  of  the  sharp  and  jagged  ends  of 
bone  into  the  soft  structures.  A  great  deal  of  time  is  sometimes  lost,  and 
much  unnecessary  pain  inflicted  upon  the  patient,  and  great  irritation  set  up 
ill  the  limb,  by  the  Surgeon  leaving  the  fracture  unreduced  on  a  pillow  for 
several  days,  and  applying  evaporating  lotions  to  take  down  the  swelling  and 
avert  the  threatened  inflammation,  which  are  consequences  of  the  non-reduc- 
tion of  the  broken  bone.  The  application  of  cold  lotions,  irrigation,  &c.,  in 
compound  or  even  in  simple  fractiu-es  is  decidedly  injurious.  It  lowers  the 
vitality  of  the  part,  retards  union,  and  occasions  oedema.  By  early  reduction 
we  may  sometimes  prevent  a  sharp  fragment  from  perforating  the  skin,  and 
thus  rendering  a  simple  fracture  compound,  or  lacerating  muscles  and  nerves, 
inducing  perhaps  traumatic  delirium  and  certainly  undue  local  inflammatory 
and  spasmodic  action. 

The  chief  cause  of  displacement  in  fractures  has  already  been  stated  to  be 
muscular  contraction  ;  hence,  in  effecting  reduction  of  a  fracture  and  in 
removing  the  displacement,  our  principal  difficulty  is  the  action  of  the  muscles 
of  the  part.    This  usually  may  be  counteracted,  by  properly  relaxing  them 
by  position  ;  so  soon  as  this  is  done,  the  bony  fragments  will  naturally  fall 
into  place  ;  but  no  amount  of  extension  and  counter-extension  can  bring 
them  into  position,  much  less  retain  them  there,  miless  all  muscular  influ- 
ence be  removed.    In  ordinary  fractures,  no  force  is  necessary  or  should  ever 
be  employed  for  accomplishing  this  ;  but  attention  to  the  attachment  of  the 
muscles  of  the  limb  and  proper  relaxation  of  them  is  all  that  is  required.  In 
impacted  fractures  it  is  occasionally  necessary  to  use  force  in  order  to  dis- 
entangle the  fragments,  but  this  is  the  only  form  of  fracture  in  which  its 
employment  is  justifiable.    In  effecting  the  reduction,  not  only  must  the  length 
of  the  limb  be  restored,  but  its  natural  curves  must  not  be  obliterated  by 
making  it  too  straight.    Muscular  action  being  the  chief,  and,  in  most  cases, 
the  only  obstacle  to  reduction,  it  would  seem  the  most  natural  way  to  over- 
come the  difficulty  to  administer  an  ancesthetic,  which  would  at  the  same 
time  save  the  patient  the  severe  pain  usually  attending  the  setting  of  a  broken 
bone.    It  is  a  rule,  however,  in  reducing  a  simple  fracture  to  avoid  ana3sthetics. 
We  never  can  tell  beforehand  whether  the  patient  will  become  quietly  insensible, 
or  whether  insensibility  will  be  preceded  by  a  violent  tit  of  struggling,  during 
which  there  would  be  the  greatest  possible  danger  of  a  simple  fracture  being 
made  compound.    If  from  any  reason,  such  as  the  nervousness  of  the  patient, 
or  the  difficulty  in  overcoming  the  muscular  action  by  position,  it  becomes 
necessary  to  give  an  antesthetic,  there  must  be  plenty  of  assistants  at  hand 
to  restrain  the  patient  if  necessary.    The  limb  must  then  be  put  in  the  best 
position  possible,  and  firmly  supported  by  splints  rather  lightly  applied. 
When  everything  is  ready  the  injured  limb  must  be  confided  to  the  charge  of 
one  assistant  only.    If  two  attempt  to  hold  a  leg,  one  by  the  foot  and  the 
other  by  the  knee,  they  may  cause  the  very  mischief  it  is  intended  to  ])revent. 
Prevention  of  Return  of  Displacement. — After  the  reduction  has  been 
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accomplislied,  means  must  be  taken  to  prevent  the  return  of  the  displacement. 
We  havcah-eady  seen  that  the  three  great  causes  of  displacement  in  a  fi-acture 
are,  external  violence,  the  Aveight  of  the  limb,  and  the  contraction  of  the 
muscles.  In  the  upper  limb  the  weight  is  supported  during  the  treatment 
of  the  fracture  when  necessary  by  slings  or  properly  applied  bandages.  In 
the  lower  limb  the  chief  displacement  due  to  the  weight  of  the  liml)  is  rotation 
outwards,  this  is  prevented  by  lateral  splints.  The  displacements  due  to 
muscular  action  are  far  the  most  troublesome,  for,  if  the  parts  be  left  to  them- 
selves, the  involuntary  movement  of  the  patient  will  be  certain  to  bring 
about  a  return  of  the  faulty  position.  In  many  cases  it  is  exceedingly  difficult, 
for  the  first  few  days,  to  keep  the  ends  of  the  bone  in  place,  in  consequence  of 
spasmodic  movements  of  the  muscles  of  the  limb,  or  of  restlessness  on  the  part 
of  the  patient.  A'bout  this,  however,  the  Surgeon  need  not  be  anxious,  as  no 
union  takes  place  for  the  first  week  or  ten  days  ;  at  the  expiration  of  that 
time  the  muscles  will  have  probably  lost  their  irritability,  and  the  patient 
have  become  accustomed  to  his  position,  so  that  with  a  little  patience,  or  by 
varying  the  apparatus  and  the  position  of  the  liml),  good  apposition  may  be 
maintained. 

The  displacements  due  to  muscular  action  are  overcome  in  two  ways,  which 
may  be  used  together  or  separately — ^relaxation  and  extension.  The  prin- 
ciple of  relaxation  was  first  laid  down  by  Percival  Pott.  It  consists  merely  in 
placing  the  limb  in  such  a  position  as  to  relax  the  chief  disturbing  muscles  to  the 
greatest  possible  extent.  There  is  no  doubt  it  is  of  the  greatest  value  in  the  treat- 
ment of  the  majority  of  broken  bones.  Extension  consists  in  applying  an  ap- 
paratus by  which  the  lower  fragment  is  forcibly  pulled  in  the  direction  opposite  to 
that  in  which  the  muscles  are  displacing  it.  In  order  to  apply  it  efficiently, 
counter-extension  must  be  made  upon  some  part  of  the  body  above  the 
fracture.  Extension  is  usually  made  by  the  Surgeon  pulling  forcibly  on  the 
lower  fragment,  the  apparatus  being  used  merely  to  retain  the  limb  in  the  position 
in  which  he  has  placed  it  ;  in  some  cases,  however,  elastic  extension  is  applied 
by  means  of  india-rubber.  Considering  the  great  power  of  the  muscles,  it 
is  evident  that  in  many  parts  it  would  be  almost  impossible  to  apply  sufficient 
force  to  overcome  the  displacement  they  give  rise  to.  It  seems,  however,  that 
long-continued  and  steady  extension  gTadually  tires  out  the  muscles  in  such  a 
way  that  they  yield  before  it.  Extension  to  be  efficient  should  therefore  be 
constant.  Extension  is  of  course  most  useful  against  longitudinal  displace- 
ment, but  it  also  aids  in  the  reduction  of  angular  deformity.  As  types  of 
these  two  modes  of  treatment,  the  treatment  of  fracture  of  the  thigh"^  by  the 
double  inclined  plane,  and  by  the  long  splint,  may  be  referred  to. 

A  third  method  of  overcoming  muscular  action  has  been  suggested :  the 
division  of  the  tendons  of  some  of  the  stronger  muscles  inserted  into  the 
lower  fragment.  This,  however,  can  very  rarely  be  necessary,  and  in  those 
cases  in  which  I  have  done  it,  or  seen  it  done,  no  material  benefit  has  resulted. 

The  displacement  due  to  the  external  violence  which  caused  the  fracture  is 
overcome  at  the  time  of  reduction  ;  any  further  displacement  from  a  similar 
cause  is  prevented  by  the  application  of  the  various  splints  about  to  be 
described. 

The  return  of  displacement  is  prevented,  and  the  proper  shape  and  length  of 
the  limb  are  maintained,  by  means  of  handages,  spUnfs,  and  special  apparatus 
of  various  kinds.    In  applying  these  care  should  be  taken  not  to  exert  anv 
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undue  pressure  on  the  limb.  Pads  and  compresses  of  all  kinds  intended  to 
force  the  bone  into  position  by  pressing  on  the  projecting  fragment,  should, 
if  possible,  be  avoided ;  they  do  no  good  that  cannot  be  effected  by  proper 
position,  and  even  occasion  serious  mischief  by  inducing  sloughing  of  the  in- 
teguments, over  which  they  are  applied.  A  screw-apparatus  has  been  invented 
with  this  view,  but  nothing  can  be  more  unsurgical  and  unscientific  than  such 
barbarous  contrivances. 

The  Bandages  used  in  the  application  of  splints  and  other  apparatus  to 
fractures  should  be  the  ordinary  grey  calico  rollers,  about  two  to  three  inches  in 
width,  and  eight  yards  in  length.  In  applying  them,  especial  care  must  be  taken 
that  the  turns  press  evenly  upon  e^•ery  part,  and  that  the  bandage  be  not 
applied  too  tightly  in  the  first  instance.  No  bandage  should  be  applied  wider 
the  splints,  more  particularly  at  the  flexm-es  of  joints,  and  care  must  be  taken 
that  the  limb  be  not  bent,  or  its  position  otherwise  materially  altered,  after 
bandages  have  been  applied.  A  bandage  under  the  splint  is  not  only  useless, 
but  highly  dangerous,  by  inducing  risk  of  strangulation.  No  bandage  should 
be  applied  to  the  part  of  the  limb  that  is  the  seat  of  fracture.  The  part  below 
the  fracture  may  be  sometimes  advantageously  bandaged,  in  order  to  prevent 
oedema  ;  thus,  in  fracture  of  the  humerus,  the  forearm  may  be  bandaged  with 
this  \iew,  but  no  turns  of  the  roller  should  be  brought  above  the  elbow.  This 
point  of  practice  I  consider  most  important,  as  the  application  of  a  bandage  to 
the  immediate  seat  of  fracture  not  only  causes  great  pain  and  disturbance  of 
the  limb,  but  danger  of  gangrene.  When  once  a  fractured  limb  has  been 
"  put  up,"  the  less  it  is  disturbed  the  better.  No  good  can  possibly  come, 
but  a  great  deal  of  pain  must  necessarily  result  to  the  patient,  from  meddling 
with  it.  The  Surgeon  should  always  bear  in  mind  that,  in  the  treatment  of 
a  fractured  bone,  he  can  do  absolutely  nothing  to  promote  its  union,  beyond 
placing  it  in  a  good  and  easy  position.  Nature — the  natural  reparative  action 
of  the  body — solders  the  bone  together  ;  and  the  less  the  Surgeon  interferes 
with  the  natural  processes  of  repair,  the  more  satisfactorily  will  union  be  ac- 
complished. But  it  is  requisite  to  examine  the  limb  from  time  to  time  during 
the  treatment,  and  especially  about  the  second  or  third  week,  when  union  is 
commencing,  in  order,  if  necessary,  to  correct  displacement.  In  the  earlier 
stages,  supervision  is  necessary  lest  the  bandage  be  too  tight ;  and,  if  the 
patient  complain  of  any  pain  or  numbness,  or  if  the  extreme  parts  look  blue  and 
feel  cold,  the  bandage  must  be  immediately  removed  ;  for,  though  the  ap- 
paratus have  not  been  applied  tightly,  swelling  of  the  limb  may  come  on  from 
various  causes,  to  such  an  extent  as  to  produce  strangulation  and  consequent 
gangrene  of  it,  as  I  have  seen  happen  in  at  least  three  instances,  the  limb  re- 
quiring amputation  in  each  case  (Fig.  181).  It  is  remarkable,  that  the  whole 
of  a  limb  will  fall  into  a  state  of  gangrene  in  these  circumstances,  with  but 
little  pain,  and  often  with  very  slight  constitutional  disturbance,  the  parts 
ha\ing  their  sensibility  deadened  by  the  gradual  congestion  and  infiltration  of 
the  tissues.  When  such  an  unfortunate  accident  happens,  recourse  must  be 
had  to  immediate  amputation.  Before  applying  the  apparatus  in  a  case  of 
fracture,  and  as  often  as  it  is  taken  off,  it  is  a  good  plan  to  sponge  the  limb 
with  warm  soap  and  water,  which  prevents  the  itching  that  otherwise  occurs 
and  is  sometimes  very  troublesome. 

Splints  of  various  kinds  are  used  in  cases  of  fracture.  Tin,  wire,  zinc,  or 
thin  sheet-iron,  wood,  leather,  "  poroplastic  material,"  and  gutta  percha,  are 
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the  materials  usually  employed.  For  some  kinds  of  fracture,  special,  aud 
often  very  complicated  apparatus,  is  very  generally  used  ;  but  the  Surgeon 
should  never  confine  himself  to  one  material,  or  one  exclusive  mode  of  treating 
these  injuries,  as  in  diiferent  cases  special  advantages  may  be  obtained  from 
different  kinds  of  splints.  Wood  and  tin  are  employed  principally  in  the 
lower  extremity,  where  great  strength  is  required  to  counteract  the  weight  of 
the  limb  and  the  action  of  its  muscles  ;  and  care  must  be  taken  to  pad  very 
thoroughly  splints  made  of  these  materials.  Leather,  gutta-percha,  paste- 
board, and  poroplastic  splints  are  more  commonly  useful  in  fractures  of  the 
upper  extremity,  though  they  may  not  unfrequently  be  employed  with 
advantage  in  those  of  the  lower  limbs.  In  applying  them,  a  pattern  should 
first  be  cut  out  in  brown  paper,  of  the  pi'oper  size  and  shape  ;  the  material 
must  then  be  softened  by  being  well  soaked  in  hot  water,  and  moulded  on 
to  the  part  whilst  soft :  as  soon  as  it  has  taken  the  proper  shape,  it  should,  if 
gutta-percha  be  used,  be  hardened  by  being  plunged  into  cold  water  ;  paste- 
board, leather,  or  poroplastic  splints  must  be  allowed  to  dry  on  the  limb.  The 
edges  may  then  be  feathered  and  the  corners  rounded,  and  the  interior  lined 
with  wash-leather  or  lint.  These  splints  have  the  advantage  of  great  durability, 
cleanliness,  and  lightness. 

The  material  of  which  the  splint  is  composed  is  of  less  consequence  than  its 
mode  of  application.  There  are  three  points  that  require  special  attention  in 
this  respect  : — 1,  that  when  the  splint  is  flat  it  should  be  everywhere  wider 
than  the  limb,  so  that  the  limb  may  lie  on  the  spHnt,  and  not  the  splint  rest 
upon  the  limb  ;  2,  that  it  should  embrace  securely  and  fix  steadily  the  two 
joints  connected  with  the  fractured  bone  ;  if  the  thigh,  the  hip  and  knee  ;  if 
the  leg,  the  knee  and  ankle ;  and  3,  that  it  be  well  padded  beyond  the  edges. 
From  want  of  attention  to  these  points  of  practice  much  trouble  is  often 
occasioned  in  keeping  the  fi'agments  in  steady  apposition,  and  much  deformity 
may  result.  It  is  impossible  to  keep  the  fi'agments  perfectly  immobile,  and  in 
close  and  accurate  apposition,  unless  these  very  important  points  be  attended  to. 

Special  Apparatus  should  be  employed  as  little  as  possible  in  the  treatment 
of  fractures.  It  is  scarcely  ever  necessaiy  in  simple  fractures,  and  is  far  more 
cumbersome  and  costly  than  the  means  above  indicated,  which  are  all  that  can 
be  required.  I  have  no  hesitation  in  saying,  that  a  Surgeon  of  ordinary  in- 
genuity and  mechanical  skill  may  be  fully  prepared  to  treat  successfully  every 
fracture  to  which  he  can  be  called,  by  having  at  hand  a  smooth  deal  plank 
half  an  inch  in  thickness,  and  a  sheet  of  gutta-percha,  undressed  sole-leather, 
pasteboard,  "  poroplastic  material,"  perforated  zinc,  or  thin  sheet-iron,  to  cut 
into  splints  as  required. 

To  the  means  above  described,  some  form  of  rigid  apparatus,  moulded  to 
the  limb,  forms  an  invaluable  addition.  Although  various  plans  for  stiffening 
and  fixing  bandages  in  cases  of  fracture  had  been  employed  at  various  times,  it 
was  not  till  about  thirty  years  ago  that  their  full  value  became  recognized, 
chiefly  through  the  practice  aud  writings  of  Baron  Seutin.  Since  that  time 
a  variety  of  substances,  as  gum  and  chalk,  glue,  paraffin,  tripolith,  and  water- 
glass,  have  been  recommended  for  the  purpose  of  stiflFening  bandages,  but  the 
two  which  are  practically  most  usefiil,  and  have  longest  maintained  their  repu- 
tation, are  the  starched  bandage  and  the  plaster-of-Paris-bandage.  These 
represent  two  different  types  of  fixed  apparatus.  The  starched  bandage  is 
applied  over  a  mass  of  cotton-wpol,  which  is  firmly  compressed  duiino-  the 
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application  of  the  apparatus,  and  thus  exerts  a  gentle  uniform  elastic  pressure, 
holding  the  fragments  in  position.  As  swelling  subsides,  it  is  removed,  its 
edges  pared,  fresh  cotton-wool  put  in,  and  it  is  then  re-applied.  The  plaster 
of  Paris  bandage  takes  an  actual  cast  of  the  injured  limb  ;  it  is  not  intended 
to  exert  any  pressure— in  fact,  if  applied  in  such  a  way  as  to  do  so,  it  is  a 
dangerous  application,  and  it  cannot  be  removed  and  re-applied. 

The  Starched  Bandage.— The  following  is  the  mode  of  applying  thia 
apparatus  that  is  adopted  at  the  University  College  Hosisital,  and  which  will 
be  found  to  answer  well.    The  whole  limb  is  enveloped,  as  recommended  by 


Fig.  ITC— Seutin's  Pliers. 


Burggraeve,  of  Ghent,  in  a  thick  layer  of  cotton- wadding,  thickest  along  and 
over  the  osseous  prominences  ;  this,  being  elastic,  accommodates  itself  to  the 
subsequent  diminution  in  size  of  the  limb,  and  keeps  up  more  equable  pressure. 


Fig.  177.— Application  of  Seutiii's  Pliers  to  Starched  Bandage. 


Over  the  cotton-wadding  are  laid  splints  of  thick  and  coarse  pasteboard  soaked 
in  thin  starch,  properly  shaped  to  fit  the  limb.  The  pasteboard  should  be  soft, 
not  milled,  and  be  doubled  and  torn  down,  not  cut,  as  in  this  way  the  edges 
are  not  left  sharp.  If  much  strength  be  not  required,  as  in  children,  or  in 
some  fractures  of  the  upper  extremity,  a  few  slips  of  brown  paper,  well  starched, 
may  be  substituted  for  the  pasteboard.  A  bandage  saturated  with  thick  starch 
is  now  firmly  apphed  ;  and  lastly,  this  is  covered  by  another  dry  roller,  the 
inner  sides  of  the  turns  of  which  may  be  starched  as  it  is  laid  on. 

The  bandages  must  be  applied  with  sufficient  force  to  compress  the 
mass  of  cotton-wool  surrounding  the  limb.  There  is  no  danger  of  constric- 
tion if  enough  wool  be  used.  No  bandage  must  on  any  account  be  applied 
beneath  the  pasteboard  splints.  Both  the  pasteboard  splints  and  the  starched 
bandage  should  always  include  the  two  joints  above  and  below  the  fracture,  so 
that  complete  immobility  of  the  fragments  may  be  secured  :  the  hip  and  knee 
when  the  thigh  is  broken ;  the  knee  and  ankle  when  the  leg  is  fractured. 
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During  the  application  of  this  apparatus,  extension  must  be  kept  up  by  an 
assistant,  so  as  to  hold  the  fracture  in  position  ;  and,  until  the  starch  is 
thoroughly  dried,  which  usually  takes  from  thirty  to  fifty  hours,  a  wooden 
splint  may,  if  necessary,  be  applied  to  the  limb,  so  as  to  keep  it  to  its  proper 
length  and  shape.  The  drying  of  the  starch  may  be  hastened  by  the  applica- 
tion of  hot  bottles  to  the  apparatus.  After  the  bandages  have  become  quite 
dry,  the  patient  may  be  allowed  to  move  about  on  crutches,  taking  care,  of 
com-se,  to  keep  the  injured  hmb  well  slung  up,  and  not  to  bear  upon  it,  or  to 
jar  it  against  the  ground  (Fig.  179).  In  the  course  of  about  three  or  four 
days  after  its  application,  the  apparatus  Avill  usually  be  found  to  have  loosened 
somewhat,  the  limb  appearing  to  shrink  within  it.  In  these  circumstances,  it 
becomes  necessary  to  cut  it  up  with  a  pair  of  Seutin's  pliers,  such  as  are  repre- 
sented in  Fig.  170,  or  a  pair  of  French  vine-dresser's  scissors  which  are  perhaps 
more  durable.    This  section  must  be  made  up  the  front  of  the  limb,  care  being 


Fig.  ITS.—  starched  Bandage  :  Fig.  179.— Starched  Bandage  applied 

Trap  left  for  Dressing  Wound.  to  Fractured  Tliigh. 


taken  not  to  injure  the  skin  in  so  doing.  If  the  fracture  is  so  far  consolidated 
that  the  limb  can  be  handled  without  fear  of  displacing  the  fi-agments,  the 
splint  may  be  completely  removed,  and  its  edges  pared,  about  three-quarters 
of  an  inch  being  taken  from  each.  The  cotton-wool  is  then  cleaned  out  from 
its  inside,  a  fresh  layer  is  wrapped  round  the  limb,  and  the  apparatus  re-applied 
by  means  of  an  unstarched  roUer  or  tapes.  If  the  fracture  be  too  recent  to 
allow  of  this,  the  edges  must  be  pared  without  removing  the  splint  from  the 
limb,  and  changing  the  cotton-wool  must  be  deferred  to  a  later  period.    If  the 
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fracture  be  compound,  a  trap  may  be  cut  in  the  apparatus  opposite  the  seat  of 
injury,  through  which  the  wound  may  be  dressed  (Fig.  ITS). 

The  advantages  of  the  starched  bandage  in  the  treatment  of  fractures,  as 
well  as  in  many  other  injuries  and  diseases,  consist  in  its  taking  the  shape  of 
the  limb  accurately  and  readily,  and  maintaining  it  by  its  solidity  ;  in  its 
being  light,  inexpensive,  and  easily  applied,  with  materials  that  are  always  at 
hand.  It  secures  complete  immobility  of  the  limb  in  the  position  in  wdiich  it 
dries.  The  joints  in  the  neighbourhood  of  the  fractured  bone  are  securely 
fixed,  and  the  perfect  adaptation  or  moulding  of  the  apparatus  to  the  inequali- 
ties of  the  limb  prevents  all  movement.  Thus  it  maintains  accurately  not  only 
the  length  but  the  normal  curves  of  the  limb.  From  its  lightness,  it  possesses 
the  very  great  and  peculiar  advantage  in  fractures  of  the  lower  extremity,  of 
allowing  the  patient  to  remain  up  and  to  move  about  upon  crutches  during 
nearly  the  whole  of  the  treatment ;  thus,  by  rendering  prolonged  confinement 
to  bed  unnecessary,  it  prevents  the  tendency  to  those  injurious  consequences 
that  often  result  from  these  injuries  ;  and,  by  enabling  the  patient  to  keep  up 
his  Ileal th  and  strength  by  open-air  exercise,  it  facilitates  the  consohdation  of 
the  fracture.  In  addition  to  this,  the  patient  will  often  be  able  to  carry  on 
his  business  during  treatment.  By  employing  the  starched  bandage  in  the 
way  just  described,  I  scarcely  ever  find  it  necessary  to  keep  patients  in  bed 
with  simple  fractures  of  the  leg  for  more  than  from  four  to  seven  days,  thus 
saving  much  of  the  tediousness  and  danger  of  the  treatment. 

Although  fully  recognizing  the  great  advantages  to  be  obtained  by  treating 
fractures  on  this  plan,  and  employing  the  starched  bandage  in  almost  every 
case  that  came  under  my  care,  I  did  not  at  first  think  that  it  was  safe  practice 
to  have  recourse  to  it  during  the  early  stages  of  fracture  ;  until,  indeed,  the 
swelling  of  the  limb  had  begun  to  subside,  I  therefore  never  applied  it  until 
the  sixth,  eighth,  or  tenth  day,  keeping  the  limb,  until  this  time,  properly 
reduced  upon  a  splint ;  fearing  that,  if  the  bandage  were  applied  at  too  early 
a  period,  the  inflammatory  turgescence  of  the  limb  might  give  rise  to  a  slow 
strangulation  of  it  under  the  apparatus.  During  many  years,  however,  I 
employed  Seutin's  plan  in  several  hundreds  of  fractures  of  all  kinds,  putting 
the  limb  up  in  the  starched  apparatus  immediate]//  after  the  reduction  of  the 
fracture.  I  found  the  practice  a  safe  one,  even  in  fractures  of  the  thigh  ;  so 
much  so,  that  at  the  Hospital  I  for  some  time  rarely  used  any  other  plan  of 
treatment  than  the  "  movable-immovable  "  apparatus  in  some  form,  varying 
with  the  fashion  of  the  day.  The  moderate  pressure  of  the  bandages,  aided 
probably  by  the  great  evaporation  from  so  extensive  and  thick  a  mass  of  wet 
starch,  seemed  to  take  down  the  swelling  most  effectually.  Thus  the  patient 
was  often  able  to  leave  his  bed  about  the  third  day  after  the  injury,  when  the 
fracture  was  in  the  leg  or  ankle,  and  about  the  sixth  when  it  was  the  thigh 
that  was  broken. 

Further  experience,  however,  show^ed  that  the  fractures  to  be  treated  in  this 
way  require  selection.  A  simple  fi-acture  of  one  bone  of  the  leg  or  of  both 
bones,  without  comminution  or  marked  displacement,  or  great  extravasation  of 
blood,  may  safely  be  put  up  immediately  in  the  starched  bandage  or  any  other 
rigid  apparatus.  In  more  severe  cases  it  is  better  to  wait  till  the  end  of  the 
first  week  or  beginning  of  the  second  before  applying  the  starched  bandage. 
In  fractured  thighs  also  it  is  better  to  allow  a  certain  degree  of  consolidation  to 
take  place,  otherwise  fi'om  the  difficulty  of  completely  fixing  the  hip-joint  by 


FRACTURES. 


means  of  a  starched  bandage  some  return  of  displacement  may  take  place. 
The  best  time  for  its  application  in  these  cases  is  about  the  end  of  the  second 
week.  Care  must  be  taken  to  enclose  the  foot  in  the  splint,  otherwise 
rotatory  displacement  outwards  may  take  place.  By  this  means  I  have 
obtained  the  most  satisfactory  results  in  cases  of  fractured  thigh;  patients 
having  frequently  been  cured  without  any  appreciable  shortening,  with  the 
preservation  of  the  natural  curve  of  the  bone,  and  without  confinement 
to  bed  after  the  second  week. 

In  compomid  fractures  also  of  the  leg,  and  even  of  the  thigh,  I  have 
obtained  most  satisfactory  results  from  this  means.  In  compound  fractures 
of  the  leg,  I  have  seen  the  patient  walking  about  on  crutches  as  early  as 
the  tenth  or  fourteenth  day,  the  limb  being  securely  put  up  in  starch  ;  and 
have  more  frequently  succeeded  in  getting  union  of  the  wound,  and  con- 
sequently in  converting  the  compound  into  a  simple  fracture,  l)y  p»utting 
up  the  limb  in  this  apparatus  than  in  any  other. 

Plaster  of  Paris  may  be  used  in  the  treatment  of  fractures  in  any  one 
of  the  four  following  ways  : — 

1.  The  sim23U  ^^^asUr -bandage  is  thus  applied.    A  coarse  muslin-bandage  is 
first  prepared  by  rubbing  thoroughly  into  its  meshes  some  fresh  plaster.  The 
very  best  plaster  must  be  used  and  it  must  be  quite  fresh  ;  if  it  has  been 
exposed  even  for  a  few  days  in  a  damp  place  it  will  be  practically  useless.  The 
bandage  is  then  loosely  rolled  up,  a  little  more  plaster  being  sprinkled  between 
its  turns  as  this  is  done.    The  necessary  number  of  bandages  having  been  got 
ready,  the  limb  must  be  prepared.    This  is  done  in  various  ways.  Formerly 
at  University  College  Hospital  we  used  merely  to  grease  the  limb  and  apply 
the  plaster  directly  to  the  skin.    This  had  the  disadvantage  of  being  ditiicult 
to  remove.    The  better  plan  is  to  apply  a  dry  flannel-bandage  smoothly  to  the 
limb.    The  bandage  must  be  made  of  elastic  Welsh  flannel  and  not  be  drawn 
more  tightly  than  is  necessary  to  prevent  creasing,  otherwise  it  might  cause  con- 
striction of  the  limb.    A  prepared  plaster-bandage  is  then  placed,  end  upwards, 
in  a  basin  of  water  deep  enough  to  cover  it  completely.    It  is  then  taken 
out  and  squeezed  to  get  rid  of  the  excess  of  water  and  smoothly  rolled  over 
the  flannel.    The  bandage  must  on  no  account  be  pulled.    It  is  to  be  laid 
smoothly  on  the  limb  without  making  reverses.    In  order  to  avoid  these,  it 
may  be  cut  whenever  required.    The  muslin-bandage,  it  must  be  remembered, 
is  used  merely  as  a  convenient  means  of  applying  the  plaster  and  to  give 
toughness  to  it  when  it  is  set  ;  a  plaster- bandage  must  on  no  accomit  be  used 
to  exert  pressure,  or  when  it  sets  it  may  cause  serious  constriction  of  the 
limb.     As  the  bandage  is  applied  it  must  be  rubbed  with  the  hands  to 
squeeze  out  any  air  that  may  have  got  between  the  turns,  and  if  necessary, 
some  dry  plaster  may  be  sprinkled  over  it  at  intervals  and  rubbed  in  with 
the  hand  wetted  with  water.    If  it  be  thought  necessary  to  strengthen  the 
apparatus  at  any  point,  it  maybe  done  by  laying  on  slips  of  the  plaster  bandage, 
which  must  be  secured  by  a  final  circular  turn  ;  or  strips  of  thin  tin-plate  or 
perforated  zinc  may  be  applied  between  the  layers  of  bandage.     In  an 
ordinary  case  about  three  layers  of  bandage  will  be  required.     Some  Sur- 
geons prefer  to  use  cotton  wool  instead  of  the  flannel  ;  this  however  neces- 
sitates pulling  the  bandage  which  is  never  a  safe  proceeding  with  plaster. 
Moreover,  cotton-wool  after  a  few  days  becomes  packed  together  inside  the 
plaster-case  which  no  longer  fits  accurately.    If  a  mass  of  cotton-wool  be 
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made  to  suiTound  the  limb  it  is  better  to  apply  either  the  starched  bandage 
and  paste-buard  splints  or  the  silicate  of  soda  bandage,  both  of  which  can 
be  cut  up  and  removed  and  repacked  without  destroying  the  splint. 

Good  plaster  hardens  in  the  course  of  about  eight  minutes,  and,  as  it  dries 
forms  a  solid,  hard,  and  light  casing  to  the  limb,  afibrding  excellent  support 
to  the  fracture.  The  setting  of  the  plaster  may  be  retarded  by  the  addition 
to  it  of  solution  of  borax.  Thus  a  solution  of  1  part  to  12  of  the  water  used 
will  retard  the  setting  fifteen  minutes  ;  and  1  to  8  will  retard  it  fifty  minutes, 
and  so  on.  The  plaster-bandage  possesses  the  advantage  over  the  starched 
apparatus  of  being  lighter  and  less  cumbersome,  and  especially  of  drying  and 
hardening  very  quickly,  so  that  not  only  can  the  limb  be  easily  held  in  position 
by  the  Surgeon  till  the  plaster  is  set,  but  the  patient  can  be  immediately 
moved  to  any  distance  after  the  setting  of  the  fracture. 

The  plaster-of-Paris-bandage  may  be  applied  to  any  fi-acture  after  the 
swelling  has  subsided,  and  it  may  be  put  on  immediately  in  all  cases  in 
which,  from  the  nature  of  the  injury,  but  little  swelling  is  to  be  expected, 
such  as  fracture  of  the  metatarsal  or  metacarpal  bones,  or  fracture  of  one 
bone  of  the  leg.  If  there  is  already  much  swelhng,  it  is  better  not  to  apply 
the  plaster  till  this  has  subsided,  otherwise  the  splint  soon  becomes  loose 
as  the  swelling  subsides.  After  its  application  the  exposed  parts  of  the 
fingers  or  toes  must  be  carefully  watched,  and  if  they  should  become  blue 
or  cold  the  apparatus  must  be  at  once  removed. 

2.  Neudorfer  is  a  strong  advocate  for  the  employment  of  the  plaster-of- 
Paris-bandage.  He  recommends  that  it  should  be  applied  immediately  (on 
this  he  lays  great  stress),  in  the  following  way.  Compresses  of  linen,  or  of 
lint,  are  dipped  in  plaster  of  Paris  of  the  consistence  of  a  common  poultice. 
These  are  then  placed  longitudinally  on  the  limb,  first  on  the  upper,  then  on 
the  under  part.  A  few  turns  of  a  bandage  keep  them  in  situ  till  the  plaster  is 
set.  To  prevent  the  contiguous  edges  from  adhering,  they  are  slightly  greased, 
or  a  slip  of  greased  lint  is  put  between  them.  He  sometimes  uses  pieces  of 
thin  wood,  like  veneer,  lined  with  cotton-wool,  next  the  skin  ;  over  these  the 
bandage,  saturated  with  the  plaster,  is  applied  by  circular  turns  in  the  usual 
way. 

3.  The  method  of  applying  the  plaster-apparatus,  as  practised  in  the  Bavarian 
army  during  the  Franco-German  War,  is  as  follows.  Two  pieces  of  flannel, 
twenty  inches  broad,  are  stitched  together  down  the  middle  for  the  length  of 
the  leg ;  and  beyond  this  both  are  cut  through  in  the  same  line  for  the  length 
of  the  foot.  The  flannel  is  placed  under  the  limb,  so  that  the  seam  reaches  from 
the  ham  to  the  heel.  The  sides  of  the  inner  piece  are  brought  together  over 
the  leg,  and  fixed  in  front,  and  along  the  sole,  by  hare-lip  pins  (bent  at  a  right 
angle,  so  that  they  may  be  easily  extracted  afterwards),  and  thus  a  closely 
fitting  stocking  is  formed.  The  sides  of  the  outer  piece  are  then  brought  for- 
wards and  cut,  so  that  each  may  overlap  the  middle  line  of  the  leg  and  sole  by 
three-quarters  of  an  inch.  The  limb  is  then  laid  on  one  side  :  and  while  the 
outer  piece  of  flannel  is  held  back,  a  layer  of  plaster  of  Paris  of  the  consistence 
Of  thick  cream  is  spread  evenly,  to  the  thickness  of  half  an  inch,  over  the  inner 
piece,  and  made  to  pass  quite  to  the  seam  behind,  and  the  line  of  junction  of 
the  sides  of  the  inner  piece  in  front.  The  outer  piece  is  pressed  over  this  before 
it  sets,  and  should  just  i-each  the  middle  line  in  front  and  along  the  sole. 
"When  this  has  set,  the  limb  is  turned  over,  and  the  process  is  repeated  on  the 
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other  side.  The  pins  may  now  be  removed.  The  scam  serves  as  a  hinge  ;  and 
when  the  whole  has  set,  the  splint  may  be  taken  oflf,  the  edges  of  the  plaster 
trimmed,  and  those  of  the  inner  piece  of  flannel  cut  so  as  to  leave  sufficient  to 
turn  over  and  stitch  down  on  the  outer  piece.  The  splint  is  then  re-adjusted 
and  fixed  by  a  bandage  (Fig.  180). 

4.  Another  mode  of  the  application  of  plaster,  which  has  been  recommended 
by  Croft,  of  St.  Thomas's  Hospital,  will  be  found  very  useful.  Some  common 
house-flannel  or  old  blanket  is  cut  into  the  form  of  lateral  splints,  and  of  such 
size  as  almost  to  meet  round  the  limb.  Two  of  these  must  be  cut  for  each 
side  of  the  limb.  The  one  which  is  to  lie  next  the  skin  is  then  placed  upon  a 
table,  with  its  inner  side  downwards  ;  the  other  is  well  soaked  in  plaster  of 
Paris  and  water  of  the  consistence  of  thick  cream,  and  immediately  applied  to 
it.  The  two  are  then  taken  up  together  and  placed  upon  the  limb  ;  those 
for  the  opposite  side  having  been  prepared  in  the  same  way  are  quickly  applied, 
and  the  whole  surrounded  by  a  muslin-bandage.    The  limb  is  to  be  held  in 


Fig.  ISO.— Bavarian  Plaster  Splint. 


position  while  the  plaster  sets.  When  all  is  solid  the  muslin-bandage  can  be 
cut  down  the  front  of  the  limb,  and  the  apparatus  taken  off  whenever  it  is 
desirable  to  examine  the  fracture. 

In  all  cases  in  which  the  plaster-bandage  is  used,  there  is  danger  of  unsafe 
constriction  of  the  limb  after  the  setting  of  the  plaster,  either  in  consequence 
of  the  apparatus  having  been  applied  too  tightly,  or  of  the  inner  bandage, 
which  has  been  directly  applied  to  the  limb,  becoming  tightened  by  the  swell- 
ing of  the  member  within  it.  Hence  great  care  must  be  taken  for  several 
days  after  the  application  of  the  apparatus,  to  watch  the  limb  carefully,  and  if 
signs  of  over  constriction  come  on,  such  as  pain,  coldness,  numbness,  and 
oedema  of  the  extremities,  whether  toes  or  fingers,  immediately  to  cut  it  up, 
re-adjust,  or  remove  it.  No  time  should  be  lost  in  doing  this,  as  the  limb  may 
have  become  gangrenous  in  patches,  with  little  suffering  to  the  patient  or 
constitutional  disturbance. 

The  Silicate-of-Soda-  or  Water-glass-Bandage  is  another  very  useful 
form  of  rigid  apparatus.  The  materials  required  are  a  solution  of  silicate  of 
soda  of  the  consistence  of  syrup,  which  can  be  purchased  ready  prepared,  and 
keeps  well  in  a  stoppered  bottle,  and  some  thin  bandages.  The  bandages  are 
to  be  thoroughly  soaked  by  being  drawn  through  a  sufficient  quantity  of  the 
solution  in  the  bottom  of  a  basin,  and  then  rolled  up  again.  A  thick  padding 
of  cotton  wool  is  then  put  round  the  limb,  and  the  silicate-bandage  applied 
directly  upon  it.  No  pasteboard-splints  are  used,  and  about  four  or  five  layers 
of  bandage  will  be  required.    It  dries  in  from  12  to  24  hours,  and  makes 
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a  clean,  firm,  light  case,  which  can  be  cut  up  and  treated  like  a  starched 
bandage. 

In  the  treatment  of  ordinary  simple  fractures  of  the  shafts  of  long  bones,  the 
following  are  the  chief  points  that  require  attention  : 

1.  To  effect  reduction  at  once,  and  with  as  little  disturbance  of  the  limb  as 
possible. 

2.  Not  to  apply  any  roller  to  the  part  of  the  limb  in  which  the  fracture  is 
situated,  nor  under  the  apparatus, 

3.  To  line,  pad,  or  wad  the  apparatus  thickly. 

4.  To  include  and  fix  in  the  ajjparatus  the  two  joints  connected  with  the 
injured  bone. 

5.  To  disturb  the  apparatus  as  seldom  as  possible. 

G.  To  use  starched  pasteboard-  or  plaster-apparatus,  when  practicable,  in  pre- 
ference to  any  more  special  form  of  appliance. 

Accidents  and  Complications  during  Treatment. — Various  accidents 
and  complications  are  liable  to  occur  during  the  treatment  of  a  fracture  ; 
some  of  these  are  general  and  others  special.  Amongst  the  more  common 
complications  to  which  these  injuries  are  hable,  in  common  with  all  others,  are 
tetanus  and  erysipelas,  but  these  rarely  complicate  simple  fracture.  They 
require  no  farther  notice  here. 

Traumatic  Delirium,  or  Delirium  Tremens,  is  by  no  means  an  un- 
common complication,  and  is  always  serious.  The  general  treatment  has  been 
already  given  (p.  291).  Locally,  as  soon  as  the  symptoms  show  themselves, 
the  fracture  must  be  firmly  supported  by  splints  or  by  a  starched  or  plaster-of- 
Paris-bandage,  and  the  injured  limb  must  be  slung  from  a  cradle.  It  must  on 
no  account  be  tied  to  the  bed.  This,  as  a  rule,  fixes  only  the  lower  fi'agment, 
while  the  upper  works  about  during  the  struggles  of  the  patient,  and  may  cause 
the  most  serious  mischief. 

Fat-Embolism. — If  the  lungs  of  a  patient  who  has  died  shortly  after  a 
severe  accident  crushing  one  or  more  bones,  be  examined  microscopically,  after 
staining  with  osmic  acid,  a  certain  number  of  the  capillaries,  and  perhaps  some 
of  the  terminal  arteries,  may  be  found  plugged  with  liquid  fat.  The  appear- 
ances are  very  characteristic,  the  fat  being  stained  black  by  the  osmic  acid  ; 
and  it  is  easy  to  recognize  the  plugs  in  tortuous  capillaries  surrounding  the 
air  vesicles  or  in  the  small  branching  arterioles.  If  the  remaining  organs  be 
examined,  similar  embolic  plugs  may  be  found  in  all  parts  of  the  body  and  in 
the  nervous  centres.  In  the  kidney  the  loops  of  vessels  in  the  Malpighian 
vessels  are  frequently  found  distended  with  fat.  The  subject  of  fat-embohsm 
has  been  fully  examined  by  Zenker,  Busch,  Bergmann,  Czerny,  Flournoy, 
Dejerine,  Scriba,  Hamilton,  and  many  others,  and  the  following  conclusions 
have  been  arrived  at.  If  liquid  fat  or  oil  be  in  any  way  set  free  amongst  the 
tissues  it  may  find  its  way  into  the  circulation  either  by  means  of  the  lym- 
phatics or  by  the  veins.  If  injected  into  the  healthy  subcutaneous  tissue  it 
enters  the  circulation  more  slowly  than  ft'om  the  pleura  or  peritoneum. 
Pressure  favours  the  process  ;  thus,  if  the  fat  of  the  medulla  of  a  long  bone  be 
broken  down  and  a  laminaria  digitata  tent  inserted,  fat-embolism  is  speedily 
induced.  In  many  surgical  injuries  we  have  the  conditions  necessary  for  fat- 
embolism.  In  fr-actures  crushing  the  medulla  of  a  bone  a  large  numl)er  of  the 
fat  cells  of  the  marrow  are  broken  up  and  the  liquid  fat  set  fr-ee ;  and  the  same 
may  happen  in  violent  contusions  of  the  subcutaneous  tissue  in  fat  subjects, 


522 


FRACTURES. 


and  in  contusion  or  laceration  of  a  fatty  liver.  At  the  same  time  the  pressure 
of  the  extravasation  of  blood  and  the  inflammatory  exudation  accompanying 
these  injuries  favours  the  entrance  of  the  fat  into  the  circulation.  The  fat- 
cells  are  in  like  manner  broken  up  in  acute  inflammation  of  the  marrow  of  a 
bone,  and  in  many  diffuse  gangrenous  inflammations  of  the  subcutaneous 
areolar  tissue,  and  in  all  these  conditions  fat-embolism  has  been  met  with. 

Fat-embolism  as  a  complication  of  siinple  fracture  may  occur  within  the  first 
twenty-four  hours,  as  the  direct  effect  of  the  injury,  or  on  the  second  or  third 
day  as  the  result  of  the  inflammatory  exudation  pressing  on  the  injured 
adipose  tissue.  The  symptoms  caused  by  it  are  somewhat  doubtful.  liiedel 
and  Scriba  state  that  the  fat  is  eliminated  l)y  the  kichicys,  and  will,  in  a  very 
large  proportion  of  all  fractures  of  long  bones,  be  found  microscopically  in  the 
urine  about  the  third  or  fourth  day.  At  a  later  period,  from  the  tenth  to  the 
fourteenth  day,  it  is  often  met  with  again,  which  Scriba  attributes  to  the  dis- 
lodgment  of  the  embolisms  from  the  lungs  and  other  viscera  and  their 
elimination  by  the  kidneys.  A  trace  of  albumen  and  some  casts  are  sometimes 
met  with  at  the  same  time.  These  appearances  need  not  be  accompanied  by 
any  constitutional  symptoms.  Should  the  quantity  of  fat  which  enters  the 
circulation  be  very  large,  it  is  supposed  to  be  capable  of  causing  grave  or  even 
fatal  symptoms,  of  which,  according  to  Scriba,  the  following  are  the  most 
characteristic  :  slight  lowering  of  temperature,  dyspnoea,  occasionally  slight 
hfemoptysis,  and,  in  extreme  cases,  fatal  collajjse,  spasms  or  localized  paralysis, 
ending  in  coma  and  death.  Scrilja  is  of  opinion  that  whenever  fat-emboKsm 
proves  fatal  it  is  from  obstruction  to  the  vessels  of  the  brain,  and  that  the 
i]iterference  with  the  pulmonary  circulation  is  never  suflScient  to  cause  death. 
Tliat  death  does  occur  in  some  rare  cases  after  simple  fractures  with  some  or 
all  of  the  above-mentioned  symptoms  is  certainly  true,  and  that  fat-embolism 
can  be  found  post-mortem  is  equally  certain  ;  but  that  it  is  the  cause  of  the 
symptoms  is  still  doubted  by  Cohnheim  and  many  authorities,  as  experiments 
have  shown  that  very  large  quantities  of  fat  can  be  injected  into  the  circula- 
tion of  animals,  so  as  to  cause  most  extensive  embolism,  without  being  followed 
by  death  or  even  any  serious  symptoms. 

In  cases  of  septic  inflammation  following  a  compound  fracture  or  a  severe 
laceration  of  adipose  tissue,  the  fat-embola  may  become  impregnated  with  the 
septic  poison,  and  thus  set  up  inflammation  wherever  they  lodge.  The  embola 
fi'om  subcutaneous  injuries  are  said  occasionally  to  give  rise  to  hemorrhagic 
infarcts  around  the  point  at  which  they  are  arrested,  and  in  some  cases  to 
cause  oedema  of  the  lung  by  extensive  obstruction  to  the  circulation  ;  but 
being  perfectly  unirritating  they  never  set  up  inflammation. 

No  treatment  has  as  yet  been  suggested  in  fat-embolism. 

In  fractm-es  of  the  lower  extremity  occurring  in  old  people,  there  is  a  great 
tendency  to  Hypostatic  Pulmonary  Congestion,  as  a  consequence  of  the 
long  confinement  required  in  the  recumbent  position  ;  these  fractures  often 
prove  fatal  in  this  way.  The  use  of  the  starched  bandage,  by  enabling  the 
patient  to  move  about,  is  the  most  eff'ectual  preventive  of  these  accidents. 

The  treatment  of  the  more  general  accidents  presents  nothing  that  need 
detain  us  here  ;  but  those  that  are  more  special  and  peculiar  to  fractures, 
require  consideration. 
^  Crutch-palsy  of  the  hands  and  arms  may  occur  as  the  result  of  compres- 
sion of  the  brachial  nerves  against  the  pad  of  the  crutch.    The  whole  pkxus, 
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or  only  one  of  its  component  nerves,  as  the  mnsculo-spiral,  or  ulnar,  may  be 
aflFectcJ.  The  remedy  is  obvious— it  consists  in  the  discontinuance  of  the  use 
of  the  crutch,  and,  if  need  be,  the  employment  of  electricity  to  the  palsied 
muscles. 

Spasm  of  the  Muscles  of  the  Limb,  owing  to  the  irritation  produced 
by  the  fragments,  is  often  very  severe  so  long  as  the  fracture  is  left  unreduced  ; 
the  sharp  end  of  the  broken  bone  puncturing  and  irritating  the  surrounding 
muscles.  It  is  best  remedied  by  reduction,  and  the  maintenance  of  the  frac- 
ture in  proper  position  by  moderate  pressure  with  a  bandage  o^■er  the  splints. 
In  troublesome  cases,  compression  of  the  main  artery  of  the  limb  has  been 
recommended  by  Broca.  If  the  spasm  be  dependent  upon  nervous  causes, 
full  doses  of  opium  will  not  unfrequently  afford  relief.  In  some  cases  it  is  of 
a  permanent  character,  producing  considerable  displacement  of  the  fragments. 
In  these  circumstances,  division  of  the  tendons  has  been  recommended  ;  but 
this  practice  appears  to  be  an  unnecessarily  severe  one,  and  may  certainly 
most  commonly  be  avoided  by  attention  to  the  other  plans  of  treatment  which 
have  been  suggested. 

(Edema  of  a  broken  limb  may  occur  fi-om  several  causes,  viz.,  over-tight 
bandaging,  dependent  position,  pressure  of  blood,  extravasation,  or  inflamma- 
tory eflusion.  It  is  of  no  great  moment  in  itself,  but  may  be  of  consequence, 
as  indicative  of  approaching  gangTcne.  Relief  may  usually  be  afibrded  by 
loosening  the  bandages,  and  elevating  the  limb. 

The  oedema,  which  is  often  very  persistent,  after  the  cure  of  the  fracture,  is 
best  relieved  by  diligent  friction,  douching,  bandaging,  and  attention  to 
position. 

Considerable  Extravasation  of  Blood  is  frequently  met  with  in  cases  of 
simple  fracture,  causing  great  swelling  and  tension.  By  the  continuous  appli- 
cation of  cold  evaporating  lotions,  the  collection  is  usually  readily  absorbed  ; 
and  the  Surgeon  should  never  be  tempted  by  any  feeling  of  fluid  or  of  fluctua- 
tion to  open  it,  as  he  would  thereby  infallibly  convert  the  simple  into  a  com- 
pound fracture.  In  some  of  the  cases  of  extensive  extravasation,  the  limb 
appears  to  relieve  itself  of  the  serous  portion  of  the  blood  effused,  by  the  forma- 
tion of  large  bullje  or  blebs,  which  may  be  punctured,  or  else  allowed  to  burst 
and  subside,  without  any  material  inconvenience.  This  extravasation  very  rarely, 
indeed,  runs  into  abscess  ;  if  it  do,  it  must  of  course  be  opened,  and  treated 
upon  anti-septic  principles.  If  deeply  effused  it  may  lead  to  gangrene,  by  the 
constriction  and  compression  which  it  exercises  on  the  vessels  of  the  limb. 

Gangrene  as  a  complication  of  simple  fracture  is  a  most  serious  mischance, 
and  one  from  which  it  is  difiicult  for  the  Surgeon  to  exonerate  himself  without 
blame.  But  he  is  not  always  in  fault.  It  may  arise  from  causes  residing 
in  the  limb.  It  may  be  contributed  to  by  the  negligence  of  the  patient  in  not 
drawing  the  Surgeon's  attention  to  early  symptoms,  after  having  been  duly 
warned.  Gangrene  of  the  limb  (Fig.  181)  may  occur  after  simple  fracture  as 
the  result  (1)  of  tight  bandaging  ^(2)  of  the  swelling  of  the  limb  and  com- 
pression of  the  vessels  consequent  upon  extravasation  of  blood,  or  (8)  of  inflam- 
matory infiltration  causing  strangulation  within  a  bandage  that  has  been  at 
first  but  lightly  a]:>plied.  Gangrene  is  almost  invariably  the  consequence  of  the 
pernicious  and  dangerous  practice  of  applying  a  bandage  directly  to  the  limb 
under  the  apparatus.  I  have  never  known  gangrene  to  occur  after  fracture, 
except  where  this  has  been  done,  since  it  is  much  more  likely  to  occur  in  those 
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cases  in  which  the  fracture  is  treated  by  the  unskilful  application  of  an  immovable 
ai)paratus,  whether  of  starch,  plaster  of  Paris,  or  other  similar  material,  than 
where  splints  are  used.  Indeed,  if  the  splints  be  well  wadded,  and  no 
bandage  be  put  on  under  them,  it  is  almost  impossible  that  so  dangerous  an 
amount  of  constriction  can  be  exercised  on  the  limb,  as  to  interrupt  the  cir- 
culation through  it.  I  believe  that  this  accident  would  rarely,  if  ever,  occur, 
if  the  Surgeon  were  to  avoid  the  direct  application  of  a  bandage  to  the  limb, 
however  lightly,  in  fractures,  more  particularly  in  children.  The  danger  of 
strangulation  is  especially  great  if,  as  happened  in  the  case  from  which  the 
accompanying  cut  is  taken,  the  lunb  be  bandaged  whilst  straight,  and  then 
flexed,  as  the  bandage  will  then  cut  deeply  at  the  flexure  of  the  joint,  and 
certainly  destroy  the  vitality  of  the  part,  if  not  of  the  Avhole  limb.  The  pres- 
sure of  an  axillary  pad,  used  in  many  of  the  fractures  of  the  upper  extremities, 
may  also  tend  to  the  supervention  of  gangrene  by  interfering  with  the  return  of 
blood  through  the  axillary  vein,  and  thus  causing  slow  strangulation  under  the 


bandage.  Hence  in  these  cases  the  fingers  should  be  left  free  at  their  tips,  and 
examined  daily.  Even  if  no  direct  bandage  have  been  applied,  the  apparatus 
should  at  once  be  removed,  and  the  limb  examined,  whenever  the  patient  com- 
plains, even  of  slight  uneasiness  :  or,  indeed,  if  any  appearances  of  congestion, 
such  as  blueness,  coldness,  oedema,  or  vesication  of  the  fingers  and  toes,  show 
themselves.  If  it  be  left  on  beyond  this,  gangrene  will  probably  set  in, 
slow  strangulation  going  on  under  the  bandages  without  much,  if  any,  pain. 
Vesications  often  create  much  alarm,  but  too  much  importance  must  not  be 
attached  to  their  mere  appearance.  They  will  often  occur  of  very  large  size, 
as  has  already  been  stated,  as  a  consequence  of  the  raishig  of  the  cuticle  by  the 
transuded  serum  of  extravasated  blood.  It  is  only  when  associated  with  cold- 
ness of  the  limb,  a  dusky  purple  hue,  and  a  putrescent  odour,  that  they  are 
indicative  of  gangrene.  An  excellent  plan  of  judging  of  the  activity  of  the  cir- 
culation in  a  fractured  limb  after  it  has  been  put  up,  is  to  leave  the  ends  of  the 
fingers  or  toes  uncovered  by  the  bandage  ;  when,  by  pressing  upon  one  of  the 
nails,  the  freedom  of  the  circulation  may  be  ascertained  by  noticing  the  rapidity 
with  which  the  blood  returns  under  it.  A  question  of  much  medico-legal 
importance  occasionally  arises  in  connection  with  gangi-ene  of  the  limb  after 
simple  f]-acture.  It  is  this — is  the  gangrene  owing  to  over-tight,  and  conse- 
quently negligent,  bandaging  by  the  Surgeon,  or  to  passive  strangulation  by 
inflammatory  swelling  of  the  limb  under  bandages  not  originally  too  tightly- 
applied  ?    The  diagnosis  of  the  two  conditions  on  which  the  answer  is  depen- 
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dent  is  as  follows.  1.  "WTien  a  bandage  has  been  originally  too  tightly  applied, 
the  patient  will  suffer  severely  for  se\-eral  hours,  the  pain  being  felt  immediately 
after  the  application  of  the  apparatus.  On  loosening  the  bandage,  the  pain 
ceases.  When  removed,  if  gangrene  have  set  in,  the  skin  will  be  found  pale 
where  the  roller  has  been  applied — the  limb  being  compressed  and  small  at 
this  part,  and  marked  with  imprints  at  the  edges  of  the  turns  of  the  bandage — 
whilst  it  is  greatly  swollen  and  congested  at  the  fingers  or  toes  beyond  the 
bandage  :  these  parts  being  also  cold,  purple,  and  vesicated.  2.  When  the 
strangulation  occurs  from  inflammatory  sweUing  of  the  limb,  the  whole  member 
is  equally  swollen  ;  it  is  red  and  blue,  hot  in  parts,  cold  and  sphacelated  in 
others.  It  never  becomes  uniformly  gangrenous,  but  deep  infiltrating  abscess, 
and  localized  sphacelus,  form. 

Treatment. — When  a  bandage  or  apparatus  appears  to  be  exerting  undue, 
painful,  or  dangerous  pressure,  it  must  at  once  be  removed.  Should  the  cir- 
culation of  the  limb  have  been  interfered  with,  friction  with  oil  in  an  upward 
direction  should  be  employed. 

If  gangrene  have  unhappily  already  occuiTed,  the  treatment  will  depend  on 
the  cause,  and  the  condition  of  the  limb.  If  the  gangrene  be  the  result  of 
self-strangulation  of  the  limb,  by  its  sweUing  up  under  the  bandage,  and  it  be 
found  to  be  red,  swollen,  and  infiltrated,  free  incisions  should  be  made,  and 
some  efficient  antiseptic  dressing  applied.  If,  notwithstanding  this,  abscesses 
form,  with  deep  infiltration  of  the  cellular  tissue,  and  sloughing  of  the  skin 
and  muscles,  the  choice  lies  between  amputation  and  the  preservation  of  a 
limb  that  will  be  withered,  contracted,  and  useless. 

If  the  gangrene  be  the  result  of  direct  strangulation  of  an  over-tight 
bandage,  as  in  Fig.  181,  there  is  no  resource  left  but  amputation  above  the 
seat  of  constriction. 

After  a  fracture  has  united,  the  hmb  will  sometimes  be  found  to  be 
shortened.  This  may  of  course  be  due  to  unskilful  management  on  the 
part  of  the  Surgeon,  to  want  of  proper  coaptation  of  the  fi'agments,  or  to  the 
patient  being  allowed  to  bear  on  the  limb  whilst  the  callus  is  still  soft  and 
pliable.  But  it  may  have  existed  before  the  accident,  be  natural  to  the  patient, 
and  in  no  way  a  consequence  of  the  accident. 

Inequality  in  the  length  of  the  corresponding  limbs  on  opposite  sides  of  the 
body,  independently  of  any  accident  or  disease,  is  not  very  unfrequently  met 
with.  It  will  exist  to  a  considerable  extent  without  the  patient  being  aware 
of  it.  I  have  several  times  found  the  spinal  curvature  of  young  adults  to  be 
due  to  one  lower  extremity  being  from  |  to  |  of  an  inch  shorter  than  the 
other,  and  thus  causing  obliquity  of  the  pelvis.  It  is  usually  the  right  limb 
that  is  the  longer,  but  in  some  cases  the  left  is  not  only  longer  but  larger.  Of 
512  boys  examined  by  Morton,  of  Philadelphia,  appreciable  differences  between 
the  two  limbs  were  found  in  271  cases,  from  ^  of  an  inch  in  91,  to  as  much 
as  If  inch  in  one.  The  bearing  of  these  facts  on  the  cause  of  shortening 
of  limbs  after  the  treatment  of  fractures,  and  the  question  of  malpraxis,  is 
evident.  The  shortening  of  a  limb  in  a  growing  child  after  fracture  may  also 
be  due  to  its  necessary  confinement  in  splints,  and  to  the  inaction  causing 
interference  with  its  growth,  or  to  implication  of  an  epiphyseal  cartilage,  and 
not  to  the  fracture  having  been  inaccurately  adjusted. 

Complicated  Fractures.— Fractures  may  be  complicated  with  various 
important  local  conditions.    Extravasation  of  blood  into  the  hmb,  from  a 
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wound  of  some  large  Tcssel,  may  go  on  to  so  great  an  extent  as  to  occasion 
strangulation  of  the  tissues  ;  if  not  checked  by  position  and  cold  applications, 
it  may  give  rise  to  gangrene,  and  demand  amputation.  In  other  cases,  again, 
the  soft  parts  in  the  vicinity  of  tlie  fracture  may  be  contused  to  such  a  degTee 
that  they  rapidly  run  into  slough,  thus  rendering  it  compound  ;  or  a  wound 
may  exist,  not  communicating  with  the  broken  bone,  but  requiring  much 
modification  of  treatment,  and  special  adaptation  of  apparatus. 

One  of  the  most  serious  complications  of  a  simple  fi-acture  is  undoubtedly 
the  Rupture  of  the  Main  Artery  of  the  limb  opposite  the  seat  of  fracture, 
or  a  wound  of  it  by  one  of  the  fragments  of  broken  bone.  This  accident 
occurs  chiefly  in  fractures  of  the  lower  part  of  the  femur  or  upper  part  of  the 
tibia ;  the  popliteal  in  one  case,  and  the  posterior  tibial  in  the  other,  being  the 
vessel  wounded.  Tlie  symptoms  ^vill  depend  on  whether  the  artery  is  com- 
pletely torn  across,  and  has  become  closed  and  ceased  to  bleed,  or  whether  it 
is  still  pouring  out  blood  subcutaneously.  In  the  former  case  the  condition 
of  the  artery  is  indicated  by  the  loss  of  pulsation  in  the  branches  beyond  the 
injured  point,  and  by  the  coldness  of  the  limb.  If  the  extravasation  have  not 
been  too  great,  and  if  the  condition  of  the  soft  parts  is  such  as  to  justify  a  hope 
that  the  collateral  vessels  are  not  greatly  injured  or  pressed  upon,  an  attempt 
should  be  made  to  save  the  limb,  especially  if  it  be  the  upper.  It  should 
be  put  in  the  best  position  possible,  and  warmly  wrapped  in  cotton-wool. 
Splints  and  bandages  of  all  kinds  must,  as  far  as  possible,  be  avoided,  lest  the 
collateral  circulation  be  interfered  with.  The  result  will  often  depend  much 
upon  the  cause  of  the  fracture.  If  the  vessel  have  been  torn  by  the  bone  in  a 
case  of  fracture  by  indirect  violence,  the  prospects  of  recovery  are  much  better. 
A  case  of  the  kind  occurred  not  long  ago  at  University  College  Hospital,  in 
which  the  brachial  artery  was  completely  obliterated.  The  limb  was  wrapped 
in  cotton-wool,  and  the  patient  made  an  excellent  recovery  with  a  somewhat 
shortened  arm.  If  the  fracture  is  by  direct  violence,  and  the  main  artery  is 
crushed  against  the  bone,  the  condition  is  more  serious,  as  the  Ijruising  may 
seriously  interfere  with  the  collateral  circulation,  and  gangrene  may  follow. 

If  the  artery  be  only  partially  ruptured,  or  be  torn  across  and  not  closed, 
hcemorrhage  will  continue  subcutaneously.  The  symptoms  consist  in  the  rapid 
formation  of  a  uniform  elastic  tense  swelling  of  the  limb,  with  obscure  pulsa- 
tion or  thrill,  opposite  the  seat  of  injury,  and  cessation  of  pulsation  in  the 
arteries  at  the  ankle,  with  coldness  and  numbness  of  the  foot  and  lower  part 
of  the  leg.  If  the  posterior  tibial  be  the  vessel  injured,  the  circulation  in  the 
arteries  of  the  foot  may  return  after  a  day  or  two,  and  the  coldness  and  numb- 
ness may  lessen.  If  it  be  the  popliteal  that  is  injured,  no  such  amelioration 
will  take  place,  but  the  diffused  aneurism  in  the  ham  will  increase,  the  circula- 
tion will  become  more  and  more  impeded,  and  gangrene  will  result. 

What  should  be  the  treatment  of  such  a  case  as  this  ?  The  Surgeon  has 
three  alternatives. 

1.  The  case  may  be  treated  as  one  of  open  arterial  wound,  the  tumour  laid 
open,  and  the  injured  vessel  ligatured  at  the  seat  of  wound.  The  objections 
to  this  treatment  are,  that  a  large  cavity  is  opened,  which,  if  it  suppurate,  will 
give  rise  to  the  most  serious  constitutional  disturbance,  the  fracture  beino- 
rendered  a  compound  one  of  the  worst  kind,  complicated  by  the  great  extri 
vasation  of  blood  amongst  the  surrounding  parts.  Securing  the  artery  is, 
moreover,  in  any  circumstances  extremely  difficult,  and  even  uncertain.  In 
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the  present  day  the  clangers  of  suppuration  and  sloughing  following  in  the 
cavity,  may  be  greatly  reduced,  if  not  abolished,  by  the  employment  of  some 
efficient  mode  of  antiseptic  treatment,  and  the  exposure  of  the  artery  can  he 
facilitated  by  the  bloodless  method  of  operating.  If  the  means  of  treatment 
at  the  command  of  the  Surgeon  are  such  that  he  may  hope  efficiently  to  pre- 
vent the  injurions  consequences  of  exposing  the  fracture  to  the  air,  there  is  no 
reason  why  he  should  de^"iate  from  the  acknowledged  rule  of  surgery  to  tie  the 
wounded  vessel  at  the  injured  spot. 

2.  The  circulation  through  the  femoral  artery  may  be  arrested  by  com- 
pression or  ligature  of  the  vessel.  I  am  not  aware  that  compression  has  ever 
been  tried  in  a  case  of  diffused  traumatic  aneurism  ;  but  there  can  be  no  reason 
why  the  effects  of  pressure  upon  the  artery,  by  means  of  Carte's  or  some  other 
appropriate  compressor,  should  not  be  tried  before  proceeding  to  more  severe 
measures.  Should  it  not  succeed,  the  artery  may  be  tied  in  Scarpa's  triangle. 
An  operation  there  has  several  times  been  successfully  done  in  such  cases,  more 
especially  when  the  hasmorrhage  has  been  the  result  of  laceration  of  the 
posterior  tibial  artery.  But  this  operation  should  be  done  only  in  those  cases 
in  wdiich,  notwithstanding  the  existence  of  diffused  traumatic  aneurism  in  the 
ham,  the  pulsation  has  returned  in  the  arteries  of  the  foot,  and  the  warmth 
and  sensibility  of  the  member  have  been  in  part  at  least  restored.  If  these 
evidences  of  a  return  of  circulation  through  the  anterior  tibial  have  not  taken 
place,  it  wall  be  worse  than  useless  to  ligature  the  femoral,  as  gangrene  must 
inevitably  ensue. 

3.  Amputation  of  the  thigh  may  be  performed.  This  severe  measure  need 
not  be  carried  out  at  once.  The  Surgeon  may  wait  a  day  or  two  and  watch 
the  progress  of  events.  If  he  find  that  there  is  no  sign  of  restoration  of  pul- 
sation in  the  arteries  of  the  foot,  that  the  coldness  and  numbness  of  the  limb 
continue  to  increase,  and,  in  fact,  that  gangrene  is  impending,  then  the  sooner 
he  amputates  the  better  for  the  patient's  safety.  If  the  artery  have  been  tied, 
and  gangrene  result,  the  limb  ought  at  once  to  be  removed. 

To  sum  up,  I  would  advise,  in  a  case  of  diffused  traumatic  aneurism  arising 
from  and  complicating  a  simple  fracture  of  the  lower  extremity :  1 .  Not  to  lay 
open  the  tumour  and  search  for  the  artery  at  the  seat  of  wound,  unless  the 
local  conditions  are  favourable,  and  antiseptic  treatment  can  be  efficiently 
carried  out ;  2.  To  compress  or  tie  the  femoral  if  pulsation  have  returned  or 
continue  in  the  arteries  of  the  foot ;  3.  But  should  pulsation  not  have  returned 
within  two  or  three  days,  should  gangrene  be  imminent,  or  actually  have  set 
in,  or  should  the  artery  have  been  ligatured,  and  mortification  have  ensued,  to 
amputate  high  in  the  thigh  without  further  delay. 

It  will  thus  be  seen  that,  in  a  diffused  traumatic  aneurism  complicating  a 
fracture  of  the  bones  of  the  lower  extremity,  the  ordinary  treatment  of  diffused 
traumatic  aneurism  must,  except  under  very  favourable  conditions,  be  departed 
from,  for  these  reasons.  1.  That  if  there  be  great  displacement  of  the  parts, 
and  laceration  of  the  soft  structures  consequent  on  the  fracture,  it  would  be 
almost  impossible  to  find  the  injured  vessel ;  and  2.  That,  if  it  were  found, 
the  opening  up  of  the  limb  would  leave  a  large  ragged  wound  communicating 
widely  with  the  broken  bones,  and,  except  under  successful  antiseptic  treat- 
ment, it  would  in  all  probability  give  rise  to  wide-spreading  septic  inflamma- 
tion, accompanied  by  severe  fever,  and  followed  by  prolonged  suppuration, 
which  -would  most  probably  terminate  fatally. 
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However  extensively  a  bone  may  be  comminuted,  good  union  will  take 
place  provided  the  fracture  be  simple  ;  that  is,  provided  no  wound  exist  in  the 
limb  by  which  air  may  gain  admission  to  the  fracture  or  to  the  soft  parts 
implicated  in  it.  I  have  seen  the  lower  end  of  the  femur  crushed,  as  if  by  a 
sledge-hammer,  into  a  multitude  of  fr-agments  ;  and  yet  excelleut  union  resulted, 
the  fracture  being  simple,  without  even  a  breach  of  integument.  In  such  a 
case  as  this,  if  there  had  been  the  smallest  wound  to  admit  unpurified  air  into 
the  limb,  decomposition  of  the  eflPused  blood  would  in  all  probability  have 
followed,  with  the  most  intense  and  destructive  septic  inflammation  and  sup- 
puration, and  the  patient's  limb,  if  not  his  life,  would  have  been  lost.  It  is 
impossible  to  over-estimate  the  advantage  of  an  injury  of  this  kind  being 
sulcutaneous.  The  whole  of  the  dangers  that  arise  fi-om  the  admission  of 
unpurified  air  result  from  the  decomposition  that  it  sets  up.  It  is  the  object 
of  the  antiseptic  treatment  of  compound  fracture  which  will  be  described 
hereafter  to  counteract  the  dangers  arising  from  the  admission  of  air,  and  thus 
to  render  a  compound  fi-acture  but  little  more  dangerous  than  a  simple  one. 

A  serious  complication  of  simple  fractures  consists  in  their  Implicating  a 
Joint.    The  fi-acture  may  extend  into  a  neighbouring  articulation,  and  thus 
give  rise  to  considerable  inflammation  ;  in  strumous  subjects  this  may  lead 
to  ultimate  disorganization  of  the  articulation,  requiring  excision,  which  I 
have  several  times  had  occasion  to  perform  in  these  cases.    But  in  healthy 
individuals  a  large  articular  surface  may  be  traversed  by  lines  of  fracture  in 
several  directions,  without  material  inconvenience  resulting.    This  we  see  in 
impacted  fractures  of  the  condyles  of  the  femur  or  of  the  lower  end  of  the 
radius.    In  several  instances  of  this  kind  in  which  I  have  examined  the  limb 
after  death,  no  sign  of  disease  of  the  part  has  been  manifested  beyond  a 
moderate  amount  of  injection  of  the  hgaments ;  the  fractured  incrusting  cartilage 
uniting  by  plastic  matter,  and  the  synovia  being  clear  and  free  from  inflamma- 
tory exudation.    But,  although  union  of  fi-actures  extending  into  articulations 
takes  place  readily  enough,  it  cannot  be  expected  that  the  patient  will  recover 
with  as  mobile  a  joint  as  if  the  fracture  had  traversed  merely  the  shaft.  In 
fact,  in  the  majority  of  these  cases,  the  patient  will  be  left  with  a  joint  that 
is  weak,  stiff,  and  painful  :  and,  if  in  the  lower  extremity,  the  limb  may  be 
unable  to  support  the  weight  of  the  body  for  some  considerable  time. 
Possibly  also,  in  many  of  these  instances,  an  impaired  joint  will  be  left  through 
life,  as  the  necessary  and  unavoidable  result  of  the  injury,  though  not  unfre- 
quently  unjustly  attributed  to  negligence  and  want  of  skill  on  the  part  of  the 
Surgeon.    Hence  it  is  a  wise  precaution  for  the  Surgeon  when  called  to  a  case 
of  fi-acture  involving  any  one  of  the  six  larger  articulations,  viz.,  the  shoulder, 
elbow,  wi'ist,  the  hip,  knee,  or  ankle,  to  warn  the  patient  that  some  degree  of 
impairment  of  the  free  use  of  the  limb  will  in  all  probability  result. 

The  occurrence  of  Dislocation  at  the  same  time  and  from  the  same 
violence  as  the  fracture  often  causes  great  difficulty  to  the  Suro-eon  •  as 
it  becomes  necessary  to  reduce  the  dislocated  joint  before  the  fracture  is 
consolidated.  In  several  instances  of  this  description  which  have  fallen  under 
my  care,  I  have  succeeded  in  reducing  the  dislocation  at  once,  by  puttino- 
up  the  limb  very  tightly  in  wooden  splints,  so  as  to  give  a  degree  of  solidity  to 
it,  and  to  permit  the  lever-like  movement  of  the  shaft  of  the  bone  to  be  em- 
ployed ;  and  then,  putting  the  patient  under  chloroform,  I  have  replaced  the 
bone  without  much  difficulty.    Should  the  Surgeon  have  omitted  to  reduce  the 
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dislocation  iu  the  first  instance,  ho  mnst  wait  until  the  fracture  has  become 
firmly  united,  and  then,  putting  the  limb  in  splints  or  in  starch,  he  may  try 
to  ettcct  reduction,  which,  however,  will  then  be  very  difficult. 

The  fracture  in  a  hmb  which  is  the  seat  of  an  old  Unreduced  Dislocation 
is  necessarily  of  very  rare  occurrence,  but  occasions  uo  serious  difficulty  in 
diagnosis  or  treatment.  I  once  saw  and  treated  successfully  with  Dr.  Bryant  a 
case  of  this  kind  in  the  person  of  an  old  gentleman  who,  falling  on  the  ice, 
fi-actured  the  left  humerus,  which  had  been  the  seat  of  an  unreduced  disloca- 
tion forwards  for  more  than  fifty  years. 

The  existence  of  an  Ankylosed  Joint  in  a  fractured  limb  gives  but  httle 
trouble,  beyond  the  necessity  of  modifying  the  splints  in  such  a  way  as  to  fit 
the  shape  of  the  limb.  I  have  treated  fractures  of  the  thigh,  leg,  and  arm  in 
such  circumstances  with  perfect  success,  by  adapting  the  splints  to  the  angle 
formed  by  the  stiffened  joint. 

Fracture  of  a  bone  into  the  Site  of  an  Excised  Joint  presents  no  pecu- 
liarity of  importance.  I  have  met  with  it  in  the  humerus  at  the  elbow,  and 
have  treated  the  case  as  one  of  ordinary  fracture  of  the  epiphysis. 

Fracture  of  the  bone  in  the  Stump  of  an  Amputated  Limb  is  a  rare 
accident.  I  have  twice  had  such  cases  under  my  care  ;  once  in  a  man,  and 
another  time  in  a  woman,  each  of  whom  fractured  the  femur  low  down  in  a 
limb  which  had  been  amputated  below  the  knee.  There  was  no  displacement 
of  the  fractured  bone  in  either  case,  showing  the  influence  of  the  weight  of  the 
limb  in  addition  to  muscular  contraction  in  occasioning  displacement  of  the 
lower  fragment.  In  each  case  the  accident  was  the  consequence  of  a  fall,  and 
union  readily  took  place  under  the  starched  bandage. 

In  cases  of  simple  fi'acture  occurring  in  the  neighbourhood  of,  or  implicating 
large  joints,  passive  motion  is  very  commonly  recommended  at  the  end  of  from 
four  to  six  weeks  ;  I  think,  however,  with  Vincent,  that  this  is  often  apt  to  do 
more  harm  than  good,  and  is  seldom  required,  the  natui'al  action  of  the  muscles 
of  the  part  beiug  fully  sufficient  to  restore  the  movements  of  the  articulation, 
"with  the  assistance  of  friction  and  douches. 

Amputation  is  but  very  seldom  required  in  simple  fractures,  and  I  have 
never  had  occasion  to  practise  it.  Yet,  in  cases  of  very  extensive  and  severe 
comminuted  simple  fracture  of  the  lower  end  of  the  femur,  or  of  the  upper 
part  of  the  bones  of  the  leg,  with  implication  of  the  knee-joint  and  injury  to 
the  popliteal  or  tibial  arteries,  as  indicated  by  the  cessation  of  pulsation  in  the 
vessels  of  the  foot,  removal  of  the  limb  might  be  proper,  in  order  to  save  the 
patient  from  gangrene  or  diffused  traumatic  aneurism.  But  it  is  only  when 
the  main  artery  has  been  injured  by  spicula  of  fractured  bone,  that  such 
fractures  wiU  require  amputation.  I  have  had  under  my  care  a  man,  in 
whom  the  condyles  of  both  femora  and  the  left  patella  were  crushed  into 
numerous  pieces  by  a  fall  fi'om  a  great  height  on  the  knees,  the  limbs  at  the 
seat  of  the  injury  feeling  like  bags  of  loose  fi-agraents  of  bone  ;  yet,  as 
neither  the  skin  was  broken  nor  the  main  vessels  injured,  though  both  knee- 
joints  appeared  to  be  disorganized,  the  limbs  were  preserved,  and  good  union 
ensued. 

Compound  Fracture. — A  compound  fi-acture  is  that  form  of  injury  in 
which  there  is  an  open  wound  leading  down  to  the  broken  bone  at  the  seat  of 
fracture.  Thus  the  term  includes  injuries  varying  in  severity  from  a  simple 
fracture  complicated  by  a  small  punctured  wound  of  the  skin  made  by  one  of 
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the  fragments  to  a  complete  smash  of  the  whole  limb,  such  as  is  made  by  a 
railway-train  passing  over  it.  Compound  fractures  therefore  include  many 
injuries  far  more  severe  than  any  simple  fracture  can  possibly  be';  but,  in 
a  very  large  proportion  of  cases,  them  jury  to  the  soft  parts  and  the  splintering 
of  the  bone  are  no  greater  than  in  many  simple  fractures,  the  sole  difference 
being  that,  in  the  one  case,  there  is  a  wound  by  which  air,  carrying  with  it  the 
causes  of  decomposition,  can  find  access  to  the  decomposable  blood-clots  and 
inflammatory  exudation  surrounding  the  broken  ends  of  the  bone,  while  in  the 
other  it  is  excluded  by  the  unbroken  skin.  As  a  consequence  of  this,  unless 
special  means  are  taken  to  prevent  it,  decomposition  sets  in,  the  blood-clot 
breaks  down  and  is  discharged,  and  the  septic  matter  in  the  cavity  of  the 
wound  excites  inflammation,  reaching  the  stage  of  suppuration,  in  the  sur- 
rounding tissues.  Portions  of  the  bruised  muscles  and  the  torn  periosteum, 
which  in  a  simple  fi-acture  would  either  have  recovered,  or  if  too  severely 
injured  would  have  been  penetrated  by  wandering  leucocytes  and  absorbed, 
may  perish  in  consequence  of  the  additional  irritation  caused  by  the  septic 
matter  and  finally  be  cast  off  as  sloughs.  From  the  same  cause  portions  of 
the  ends  of  the  bones  which  may  have  become  denuded  of  their  periosteum, 
or  detached  s]ilinters,  perish  and  come  away  as  sequestra.  In  many  cases 
also  the  external  wound  is  too  small  to  allow  of  eflftcient  drainage  and  conse- 
quently the  pent-up  septic  matter  burrows  widely  in  the  intermuscular  spaces 
of  the  limb.  If,  therefore,  the  decomposition  of  the  discharges  cannot  in 
some  way  be  prevented,  a  compound  fracture  is  not  only  far  more  tedious 
in  its  cure  than  a  simple  fracture,  but  infinitely  more  dangerous.  It  has  to 
unite  by  a  slow  process  of  granulation  instead  of  the  more  s^Dcedy  mode  of 
union  already  described  as  occurring  in  simple  fractures.  The  dangers  of  a 
compound  fracture  arise  also  from  the  decomposition  of  the  discharges 
consequent  upon  the  admission  of  unpurified  air.  During  the  first  week 
there  may  be  severe  septic  fever  ;  and  the  stages  of  granulation  and  suppu- 
ration are  often  attended  by  profuse  discharge  of  pus  from  the  original  wound 
and  from  abscesses  forming  amongst  the  surrounding  muscles,  maintained  for 
a  long  time  by  exfoliation  from  the  ends  of  the  fractured  bone.  The  patient 
may  thus  be  worn  out  by  the  prolonged  suppuration  and  the  persistent  absorp- 
tion of  the  products  of  putrefaction  ;  or  the  wound  may  become  the  seat  of 
some  infective  process,  and  he  may  perish  from  septicaamia,  pysemiaor  erysipe- 
las. In  other  cases  the  septic  inflammation  may  spread  to  the  medulla  of  the 
bone,  causing  diffuse  osteomyelitis,  followed  by  extensive  necrosis,  a  condition 
fre(|uently  terminating  in  pyasmia.  Thus  a  compound  fracture  leads  not 
unfrequently  to  the  eventual  loss  of  life  or  limli.  Besides  these  dangers, 
which  may  be  looked  upon  as  indirect,  the  violence  that  occasions  a  compound 
fracture  often  shatters  the  limb  to  such  an  extent,  as  to  lead  to  the  immediate 
supervention  of  traumatic  gangrene,  to  the  loss  of  life  by  ha3morrhage,  or  to 
the  certain  and  speedy  disorganization  of  the  limb,  as  the  consequence  of  the 
subsequent  inflammation. 

Union  of  Compound  Fractures.— If  the  superficial  wound  heal  by  tlie 
first  intention  or  if  the  evil  effects  of  the  admission  of  unpurified  air  and  the 
consequent  decomposition  of  the  discharges  can  be  prevented,  a  compound 
fracture  may  unite  in  exactly  the  same  way  as  a  simple  fracture.  Under 
other  circumstances  union  takes  place  more  slowly  by  granulation,  just  as  in 
wounds  of  the  soft  parts  healing  by  the  second  intention.    If  the  injury  of 
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the  soft  parts  be  but  slight  and  the  drainage  good,  the  first  process  is  an 
abundant  inflammatory  exudation  from  the  vessels  of  the  injurt'd  tissues. 
This  coagulates,  the  serum  draining  away  partly  by  the  open  wound  and 
partly  by  the  lymphatics,  and  the  fibrine,  entangling  the  white  corpuscles 
in  the  meshes  of  its  coagulum,  forms  a  layer  of  "  coagulable  lymph,"  or 
plastic  exudation,  which  covers  the  injured  soft  parts  and  closes  the  hitermus- 
cular  spaces.  The  exudation  is  very  abundant  round  the  bone,  and  the  swollen 
and  infiltrated  periosteum,  fused  with  tlie  neighbouring  tissues,  soon  forms  a 
soft  mass  surrounding  the  broken  ends,  as  in  a  simple  fracture.  Similar 
changes  occur  in  the  medulla.  Then  follows  the  formation  of  new  vessels  and 
the  development  of  granulation-tissue  ;  the  wound  slowly  closes  up  from  the 
bottom,  the  broken  ends  becoming  gradually  completely  imbedded  in  the 
growing  granulation-tissue.  Finally,  ossification  takes  place.  This  commences 
in  contact  with  the  bone  on  each  side  in  the  granulation- tissue  at  the  point 
furthest  from  the  seat  of  fracture.  It  occurs  without  the  previous  formation 
of  cartilage,  even  in  the  lower  annuals,  or  at  any  rate  with  the  development  of 
merely  a  few  irregular  islets.  The  intercellular  substance  increases  in  quantity, 
the  cells  assume  the  angular  form  of  osteoblasts,  and  then  follows  the  deposit 
of  lime-salts  and  the  development  of  true  bone.  The  new  bone  gradually 
encroaches  on  the  gTanulation-tissue,  and  the  fractured  ends  are  surrounded  by 
it.  The  remaining  changes  are  the  same  as  those  in  a  simple  fracture.  In 
cases  in  which  the  injury  has  been  more  severe  and  in  which  the  process  is 
complicated  by  the  presence  of  portions  of  muscle  which  have  been  either 
directly  killed  by  the  violence  which  caused  the  fi-acture,  or  have  perished  from 
the  combined  eifects  of  the  injury  and  of  the  irritation  of  decomposing  dis- 
charges, or  by  loose  splinters,  the  process  of  union  cannot  take  place  till 
these  are  slowly  separated  by  ulceration  from  the  surrounding  living  parts  and 
are  thrown  oft".  In  other  cases  in  which  the  denuded  ends  of  the  bones  perish, 
the  process  of  separation  may  not  be  complete  for  many  months  after  the 
injury.  Under  these  circmnstances  the  sequestra  may  be  surrounded  by  a 
mass  of  new  bone  uniting  the  upper  and  lower  fi-agments  and  perforated  by 
openings  for  the  discharge  of  pus  from  the  granulations  liniug  the  cavity  in 
which  the  dead  bone  lies,  and  thus  a  tolerably  firm  union  may  take  place  long 
before  the  wound  has  healed.  This  process  necessarily,  in  the  great  majority 
of  cases,  occupies  a  much  longer  time  than  that  which  is  required  for  the  union 
of  a  simple  fracture.  A  considerable  proportion  of  all  compound  fractures, 
however,  undoubtedly  unite  without  the  occurrence  of  necrosis. 

Question  of  Amputation. — As  compound  fracture  is  attended  not  only  by 
prospective  dangers,  but  also  by  serious  immediate  risk,  the  first  question  that 
always  presents  itself  in  a  case  of  this  injury  is,  whether  the  limb  should  be 
removed,  or  an  attempt  be  made  to  save  it.  It  is  of  great  importance  to  settle 
this  point  at  once  ;  for,  if  amputation  be  determined  upon,  it  shoidd  be  done 
with  as  little  delay  as  possible,  there  being  no  period  in  the  progress  of  the 
case  so  favourable  for  operation  as  the  first  four-and-twenty  hours.  Should  an 
injudicious  attempt  have  been  made  at  saving  the  limb,  the  Surgeon  must 
wait  until  suppuration  has  been  set  up  and  the  septic  fever  is  beginning  to 
subside  before  he  can  remove  it ;  and  then,  he  will  very  commonly  find  that 
the  occurrence  of  some  of  the  difiuse  inflammatory  aff'ections  will  render  any 
operation  impracticable  :  or  the  supervention  of  traumatic  gangrene  may 
compel  him  to  amputate  in  the  most  unfavourable  circumstances.    At  a  late 
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period  in  the  progress  of  the  case,  amputation  may  be  required,  in  order  to  rid 
the  patient  of  a  suppurating  limb  that  is  exhausting  him  by  profuse  discharge. 

It  is  true  that  primary  amputations  are  very  commonly  fatal,  especially 
when  practised  near  the  trunk  ;  yet  this  cannot  with  justice  be  urged  as  an 
argument  against  their  performance,  as  recourse  should  never  be  had  to  primary 
amputation  except  in  cases  in  which  it  is  evident  that  the  patient's  life  must 
in  all  probability  be  sacrificed  by  an  unsuccessful  attempt  to  save  the  limb. 
In  determining  the  cases  in  which  immediate  amputation  should  be  performed, 
no  very  definite  rules  can  be  laid  down,  and  much  must  at  last  be  left  to  the 
indiA-idual  judgment  and  experience  of  the  Surgeon.  One  will  attempt  to 
save  a  limb  which  another  condemns."  But,  in  coming  to  a  conclusion  upon 
this  important  question,  he  must  bear  in  mind  that,  though  it  is  imperative  to 
do  everything  in  his  power  to  save  a  limb,  yet  the  preservation  of  a  patient's 
life  is  the  main  point,  and  that  course  is  the  proper  one  which  ofi:ers  the 
greatest  prospect  of  effecting  this.  A  wise  conservatism  is  much  to  be  ap- 
plauded, but  decision  in  determining  the  expediency  of  amputation  is  equally 
characteristic  of  a  good  Surgeon.  In  deciding  on  a  question  of  such  vital 
moment  as  this,  he  must  consider  not  only  the  nature  and  extent  of  the 
fracture,  but  the  age,  constitution,  and  habits  of  the  patient :  and  though 
he  may  be  guided  by  those  general  rules  which  have  already  been  laid 
down  at  pp.  320  and  341,  when  treating  of  amputation  in  contused  wounds 
and  in  gun-shot  injuries,  yet  he  will  often  show  more  wisdom  and  a  greater 
amount  of  skill,  in'  departing  from  the  strict  letter  of  surgical  law,  and  in 
making  a  successful  effort  to  save  a  limb,  which,  by  adherence  to  surgical 
precepts,  would  be  condemned  ;  or  in  attempting  to  preserve  the  patient's  life, 
by  sacrificing  a  limb  that  is  not  injured  to  a  degree  that  would  usually  be 
considered  to  justify  amputation. 

1.  Those  fractures  must  be  looked  upon  as  most  unfavourable  in  which  the 
womid  is  the  consequence  of  the  violence  that  breaks  the  bone,  and,  in  Avhich 
there  is  much  Iiaceratiou  of,  and  Extravasation  into,  the  Soft  Farts ; 
more  particularly  if  the  integuments  be  stripped  off,  portions  of  the  muscular 
bellies  protrude,  and  the  planes  of  areolar  tissue  between  the  great  muscles  of 
the  limb  be  torn  up  and  infiltrated  with  blood.  Injuries  of  this  description 
occurring  in  the  lower  extremity  always  require  amputation.  The  danger  to 
the  patient  increases  not  only  in  proportion  to  the  amount  of  comminution  of 
the  bones  and  of  injury  to  the  soft  parts,  but  almost  in  the  exact  ratio  of  the 
proximity  of  the  injury  to  the  trunk.  Thus,  amputation  of  the  thigh  for  bad 
compound  fracture  of  the  leg,  though  a  very  serious  operation,  is  sufficiently 
successful ;  but  when  the  femur  itself  is  badly  fractured  and  amputation  of  the 
thigh  high  up  is  required,  recovery  can  indeed  but  seldom  be  expected.  A 
bad  compound  fracture  of  the  thigh,  high  up,  may  be  looked  upon  as  almost 
a  fatal  accident  {vida  pp.  105  and  344).  In  the  arm,  such  accidents  are 
not  so  serious,  and  the  member  may  be  saved,  unless  the  bones  be  greatly 
comminuted. 

2.  The  complication  of  a  compound  fracture  with  the  Wound  of  a  Large 
Joint,  more  especially  if  there  be  crushing  or  splintering  of  the  bones  which 
enter  into  its  formation,  with  extensive  laceration  of  the  soft  parts,  is  one  of 
the  most  serious  injuries  that  can  be  inflicted  on  a  limb  ;  and,  when  occurring" 
in  the  lower  extremity  of  an  adult,  is  a  case  for  amputation— unless  it  be  the 
hip-joint  that  is  damaged,  when  there  will  generally  be  so  much  injury  of  the 
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pelvic  bones  and  their  contained  viscera,  as  to  preclude  the  performance  of  any 
operation.  In  children  recovery  may  be  effected  in  cases  that  would  be  hope- 
less in  the  adult ;  and  under  antiseptics  many  limbs,  in  which  the  joints  are 
opened  by  fracture  of  contiguous  bones,  are  saved  that  were  formerly  doomed 
to  the  knife.  When  the  elbow-  or  the  shoulder-joint  is  the  seat  of  compound 
comminuted  fracture,  with  extensive  injury  of  the  soft  parts,  and  possibly  lace- 
ration of  contio-uous  nerves  or  large  blood-vessels,  the  case  is  one  for  immediate 
amputation.  But,  if  the  injury  be  hmited  to  the  bones,  the  soft  parts  being-  in 
a  favourable  state,  resection  of  the  articulation  may  advantageously  be  practised. 
This  operation  is  usually  a  somewhat  irregular  proceeding,  being  conducted 
according  to  the  extent  of  the  wound,  and  consisting  rather  in  picking  out  the 
shattered  fragments  of  bones,  and  sawing  off  projecting  and  sharp-pointed 
fragments,  than  in  methodical  excision. 

A  peculiar  accident  is  occasionally  met  with  in  young  people,  consisting  in  a 
fracture  of  one  of  the  long  bones  at  the  junction  of  the  shaft  and 
epiphysis,  and  the  protrusion  of  the  end  of  the  shaft  through  the  muscles 
and  integuments.  In  these  cases,  although  the  fracture  is  in  close  vicinity  to 
the  joint,  the  articulation  is  not  affected,  and  careful  examination  will  always 
prove  its  sound  condition.  Reduction  in  such  cases  is  difficult,  and  it  is 
usually  impossible  to  maintain  it  without  sawing  off  the  projecting  end  of  the 
shaft.  This  is  easily  done,  and  miion  takes  place  readily  between  the  epiphysis 
and  the  remainder  of  the  shaft.  In  two  instances  in  which  I  have  had  to  do 
this  in  lads,  one  near  the  shoulder,  the  other  near  the  ankle,  an  excellent 
result  without  impairment  of  freedom  of  action  in  the  joint  followed  the 
operation. 

3.  "^^Hien  one  of  the  larger  Arteries  of  the  Limh  has  been  wounded  by 

the  violence  that  occasions  the  fracture,  or  has  been  lacerated  by  the  broken 
bone  itself,  there  may  be  copious  arterial  haemorrhage  externally,  as  well  as 
extravasation  into  the  general  areolar  tissue  of  the  limb.  These  cases  most 
commonly  require  immediate  amputation.  Whilst  the  patient  is  being 
examined,  and  preparation  made  for  the  operation,  dangerous  effusion  of 
blood  must  be  prevented  by  the  application  of  a  tourniquet.  For  want  of 
this  simple  precaution,  I  have  seen  very  large  and  even  fatal  quantities  of 
blood  gradually  lost,  by  being  allowed  slowly  to  trickle  from  the  wound. 

In  these  cases  it  has  been  proposed,  by  some  Surgeons  of  great  eminence,  to 
enlarge  the  wound  izi  the  limb,  or  to  make  an  incision  down  to  the  fracture, 
and  attempt  to  tie  the  artery  where  it  has  been  injured.  It  is  easy  to  give, 
but  difficult  to  carry  out,  such  precepts.  In  most  cases  they  are  scarcely 
practicable,  as  the  Surgeon  would  have  to  grope  in  the  midst  of  bleeding  and 
infiltrated  tissues,  and  would  experience  the  greatest  possible  difficulty  in 
finding  the  wounded  vessel,  after  a  search  which  would  materially  tend  to 
increase  the  disorganization  of  the  limb.  Even  after  the  amputation  of  a  limb 
in  this  condition,  it  is  often  by  no  means  easy  on  dissection  to  find  the  artery 
that  has  poured  out  blood  ;  and  how  much  more  difficult  must  it  be  to  search 
for  it  successfully  during  life  ! 

The  ligature  of  the  artery  at  a  higher  point  of  the  limb  does  not  hold  out 
much  prospect  of  success,  for  the  same  reasons  that  render  its  performance 
inadmissil)le  in  ordinary  wounds  of  arteries  (p.  431).  This  operation  has 
succeeded  in  restraining  hfemorrhage  or  in  curing  diffused  traumatic  aneurism 
in  simple  fractures.    But  I  know  of  no  case  in  which  it  has  been  successful  in 
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the  permanent  arrest  of  primary  haemorrhage  in  a  compound  fracture.  If, 
then,  proper  means  directed  to  the  wound,  such  as  position,  pressure,  or  perhaps 
the  attempt  at  ligature  if  the  artery  can  be  easily  reached,  lie  not  successful, 
no  course  is  left  to  the  Surgeon  but  to  amputate  the  limb  without  delay. 
This  is  more  especially  the  case  if  it  be  the  lower  extremity  that  is  injured  :  in 
the  arm,  there  is  a  better  prospect  of  our  being  able  to  arrest  the  bleeding 
without  having  recourse  to  this  extreme  measure.  Secondary  hasmorrhage 
occurring  in  the  course  of  treatment  of  a  compound  fracture  of  the  lower 
extremity  is  far  less  serious  than  primary.  It  has  been  arrested  by  pressure 
and  bandaging,  and  in  many  cases  by  ligature  of  the  superficial  femoral. 
Amputation,  therefore,  may  be  delayed  in  these  cases  until  after  the  con- 
secutive employment  and  failm-e  of  these  two  methods. 

4.  Coniminution  or  Splintering  of  the  Broken  Bone  is  ahvays  a  serious 
complication  of  a  compound  fracture.    Here  the  case  is  very  different  from 
what  occurs  in  similar  circumstances  in  a  simple  fracture.    Extensive  suppura- 
tion will  set  in  :  the  splinters,  if  completely  or  nearly  detached,  will  lose  their 
vitality,  and  not  only  produce  all  the  irritation  that  would  result  from  the 
inclusion  of  rough  and  pointed  foreign  bodies  in  the  interior  of  a  limb,  but,  if 
numerous,  will,  on  their  removal  or  separation,  leave  the  member  shortened 
and  permanently  deformed.    The  treatment  of  such  cases  will  depend  on  the 
seat  of  the  injury,  and  the  extent  of  the  comminution.    Compound  and  com- 
minuted fractures  of  the  femur,  may,  except  when  occurring  in  the  upper  third, 
generally  be  looked  upon  as  cases  for  immediate  amputation  {vide  p.  344)  ;  the 
only  other  exceptions  being  when  the  comminution  is  trifling,  the  splinters  large, 
and  lying  in  the  axis  of  the  bone,  and  the  su])ject  young.    In  the  arm,  fore- 
arm, and  hand,  and  in  the  leg,  provided  the  knee  and  ankle-joints  be  not 
involved,  much  may  be  done  in  the  way  of  removing  splinters  of  detached  bone, 
and  sawing  off  smoothly  the  rugged  ends  of  the  fixed  fragments.    The  larger 
attached  and  "  secondary  "  pieces  should  be  left,  as  they  will  throw  out  callus, 
and  become  buttresses  of  support  to  the  broken  bone  {jnide  p.  510).    If  a  con- 
siderable quantity  of  splintered  bone  have  been  extracted  from  a  limb,  care 
must  be  taken  that  in  putting  up  the  fracture  too  complete  extension  is  not 
maintained,  lest  a  gap  be  left,  which  cannot  be  fihed  up  by  new  bone,  and  a 
weakened  limb  result.    It  is  better  to  place  the  bones  in  proper  apposition,  and 
to  let  the  patient  recover  with  a  shortened  but  strong  and  otherwise  useful  hmb. 

5.  The  complication  of  a  bad  Compound  Fracture  requiring  Amputation 
low  down  in  a  Limb,  with  a  simple  Fracture  high  up,  is  a  serious  one. 
The  question  that  will  here  arise  is  :  Should  the  amputation  be  performed 
above  the  compound  and  below  the  simple  fracture,  or  abo^•e  both  ?  The 
answer  to  this  nmst  depend  on  the  condition  of  the  limb  between  the  fractures. 
Suppose  that  there  be  a  badly  comminuted  and  compound  fracture  of  the  lower 
third  of  the  leg,  with  a  simple  fracture  of  the  middle  of  the  thigh  ;  or  a  crush 
of  the  hand  or  fore-arm,  with  simple  fi-actui-e  of  the  middle  of  "the  humerus  ; 
how  should  the  Surgeon  act  ?    It  appears  to  me  that  the  proper  course  to  adopt 
in  such  a  case  as  this,  would  mainly  depend  on  the  conditions  of  the  inter- 
mediate soft  parts.    If  these  be  sound,  free  fi-om  extravasation,  not  contused 
or  lacerated,  the  limb  may  with  safety  be  removed  just  above  the  lower  fracture, 
the  upper  fracture  being  treated  on  ordinary  principles.    But  if  there  be  exten- 
sive bruising  of  the  limb  with  ecchymosis  or  deep  extravasation  between  the 
fractures,  then  it  would  clearly  be  useless  to  amputate  low  down,  as  not  only 
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would  the  stump  luive  to  be  foriiied  of  severely  injured  tissues,  but  if  septic 
inflammation  set  in  at  the  seat  of  operation,  it  would  speedily  spread  upwards 
to  the  higher  fracture,  converting  it  into  a  compound  one  of  the  worse  kind. 
In  such  cases,  therefore,  where  there  is  extensive  disorganization  of  the  inter- 
vening soft  parts,  it  appears  to  me  that  the  proper  course  for  the  Surgeon  to 
pursue  is  to  remove  the  limb  at  or  above  the  line  of  the  higher  fracture. 

6.  The  complication  of  a  Dislocation  liigh  up  with  a  bad  Compound 
Fracture  low  down,  as  when  the  shoulder  is  dislocated,  and  the  hand  is 
crushed,  is  not  so  serious  ;  the  dislocation  having  been  reduced,  the  limb  may 
be  amputated  low  down  with  safety.  This  practice  I  had  occasion  to  adopt 
some  years  since  in  a  young  man  who  met  with  a  bad  crush  of  the  hand  and 
fore-arm,  Avith  dislocation  of  the  humerus  into  the  axilla,  in  consequence  of  the 
limb  having  become  entangled  in  machinery.  If,  however,  the  compound 
fi-acture,  unattended  by  any  of  the  complications  that  have  just  been  mentioned, 
occur  in  a  young  or  otherwise  healthy  subject,  we  must,  of  course,  attempt  to 
save  the  limb,  and  shall  generally  succeed  in  doing  so. 

In  some  cases  in  which  there  is  great  doubt  as  to  the  possibility  of  saving 
the  limb,  especially  in  compound  fractures  of  the  upper  limb  and  foot,  the 
injured  part  may  be  dressed  antiseptically,  and  amputation,  if  necessary,  per- 
formed at  a  later  period.  The  entire  exclusion  of  putrefaction  will  prevent 
the  septic  fever,  the  spreading  inflammation,  and  the  dangers  of  general  in- 
fection, which  in  former  times  made  it  safer  to  perform  a  j)rimary  amputation 
in  all  cases  in  which  the  prospects  of  recovery  without  were  very  doubtful. 

Treatment  of  Compound  Feacture, — In  the  management  of  a  compound 
fracture,  more  especially  of  the  lower  extremity,  special  apparatus,  such  as 
M'lntyre's,  Listen's,  or  the  bracket-splints,  double  inclined  planes,  swing-boxes, 
and  fracture-beds,  are  often  necessary,  in  order  to  obtain  access  to  the  wound, 
so  as  to  dress  it  properly,  and  to  place  the  limb  in  the  best  position  for  union. 
In  many  cases  the  starched  or  plaster-bandage  may  very  advantageously  be 
used  ;  but  it  requires  caution,  as  swelhng  and  consequent  strangulation  of  the 
limb  may  take  place  under  it. 

There  are  several  points  that  require  special  attention.  These  are  :  1,  the 
Reduction  and  the  Management  of  any  Protruding  Bone  ;  2,  the  Management 
of  Splinters  ;  3,  the  Treatment  of  Oozing  of  Blood ;  4,  the  Treatment  of  the 
Wound.  Together  these  make  up  the  whole  treatment  of  these  injuries,  in 
cases  in  which  the  limb  admits  of  being  saved. 

1.  The  Reduction  of  compound  fractures  must  be  accomplished  with 
the  same  care  and  gentleness  as  that  of  simple  ones.  In  the  majority 
of  cases,  no  great  difficulty  is  experienced  ;  and  after  reduction,  the  limb 
should  be  placed  on  a  well-padded  splint,  properly  protected  iu  the  neigh- 
bourhood of  the  wound  with  oiled  silk,  so  as  to  prevent  soiling  of  the  pads 
by  blood  and  discharge.  In  some  cases,  however,  considerable  difficulty 
.arises  in  the  reduction,  from  the  protrusion  of  one  of  the  broken  fragments 
which  has  been  di'iven  through  the  skin,  at  the  time  of  the  accident,  or  by 
careless  handling  of  the  limb  in  carrying  the  patient,  or  else  by  the  muscular 
contractions  dragging  the  lower  fragment  forcibly  upwards,  and  thus  causing 
perforation  of  the  integument.  The  protruded  bone,  after  being  carefully 
cleaned  with  some  antiseptic  solution,  must,  if  possible,  be  gently  replaced,  by 
relaxing  the  muscles  of  the  limb,  and  then  bringing  the  soft  parts  over  it. 
Sometimes,  however,  it  is  so  tightly  embraced  by  the  skin,  which  appears  to  be 
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clonblecl  in  underneath,  that  enlargement  of  the  wound  becomes  necessary 
before  it  can  be  replaced.  In  other  cases,  again,  reduction  cannot  be  elfected 
or  maintained,  unless  the  sharp  and  projecting  point  of  bone  be  sawn  off. 
This  is  best  done  with  an  ordinary  amputating  saw,  the  neighbouring  soft 
parts  being  protected  with  a  spht  card  ;  or  else  by  passing  the  blade  of  a 
Butcher's  saw  under  the  bone  and  cutting  upwards.  The  limb,  as  I  have 
foimd  in  several  cases  in  which  it  has  been  necessary  to  have  recourse  to  this 
procedure,  is  not  ultimately  weakened  nor,  necessarily,  shortened  by  it. 

2.  In  the  Management  of  Splinters  the  Surgeon  will  be  guided  by  the 
circumstances.  If  the  splinter  be  completely  loose  and  small  it  is  always 
better  removed.  If  it  be  very  large,  two  inches  or  more  in  length,  forming  in 
fact  rather  a  fragment  of  the  bone  than  a  splinter,  it  may  be  left,  even  when 
completely  loose.  If  a  sphnter  is  still  attached  by  periosteum  it  may  usually 
be  safely  left,  even  when  small. 

3.  Treatment  of  Oozing  of  Blood. — In  cases  in  which  there  is  evidently 
no  important  vessel  wounded,  blood  often  continues  to  ooze  slowly  from  the 
womid,  and  it  becomes  a  question  whether  anything  should  be  done  to  arrest 
it.  The  only  means  at  our  command  are  elevation  of  the  limb,  cold,  and 
pressure.  The  two  former  of  these  may  be  resorted  to  whenever  the  oozing 
may  seem  sufficient  to  render  it  necessary,  but  pressui-e  should  be  avoided  if 
possible.  The  blood  is  coming  in  all  probability  from  the  deep  parts,  very 
often  from  the  bone  itself ;  pressure,  therefore,  cannot  be  applied  to  the 
bleeding  surface.  If  applied  externally  it  merely  causes  the  intermuscular 
spaces  and  the  cavity  of  the  wound  to  be  distended  with  blood,  and  should 
decomposition  follow  the  consequences  are  most  serious.  The  oozing  will 
always  stop  by  itself  after  a  few  hours,  and  if  the  patient  should  lose  a  few 
omices  of  blood  in  that  way  it  is  better  than  having  the  same  quantity 
extravasated  into  the  limb. 

4.  The  Treatment  of  the  Wound. — After  the  reduction,  the  great 
object  is,  if  possible,  to  convert  the  compound  into  a  simple  fracture  by  the 
closure  of  the  external  wound.  If  this  can  be  accomplished,  the  danger 
and  delays  of  suppuration  are  avoided.  The  chance  of  successfully  closing 
the  wound  in  the  soft  parts  Avill  depend  upon  the  size  of  the  wound  and 
whether  it  has  been  made  by  transfixion  of  the  skin  by  the  sharp  angular 
fragment,  or  by  the  direct  violence  which  has  occasioned  the  fracture.  If  the 
wound  be  small,  clean  cut,  and  occasioned  by  the  protrusion  of  the  ft-agment 
rather  than  by  the  direct  violence  which  occasioned  the  fi-acture,  we  may  hope 
to  succeed  in  our  object  by  following  Sir  A.  Cooper's  recommendation  of 
applying  to  it  a  piece  of  lint  soaked  in  blood,  or,  what  is  better,  saturated 
Avith  collodion  or  with  tincture  of  benzoin,  and  thus  obtaining  union  under  a 
scab.  The  dressing  should  be  left  undisturbed  until  it  loosens  of  itself,  at  the 
end  of  a  week  or  two,  when  the  wound  will  probably  be  found  to  be' closed. 
If,  however,  the  patient  after  a  few  days  begin  to  complain  of  pain,  if  the 
temperature  rise  and  the  leg  become  red,  hot  and  swollen,  the  crust  must  be 
at  once  removed ;  and  if  pus  flow  from  beneath  it,  it  is  safer  at  once  to  enlaro-e 
the  wound  fi^eely.  ^ 

Supposing  the  case  to  be  one  in  which  from  the  size  of  the  wound,  or  the 
amount  of  swelling,  it  is  evidently  impossible  to  hope  to  close  the  wound  by 
scabbing,  the  Surgeon  must  then  be  guided  by  the  same  principles  as  in 
the  treatment  of  any  other  open  wound.    The  objects  in  view  are,  1.  To 
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clean  the  wound  tlioroughly  ;  2.  To  provide  good  drainao-c  ;  3.  To  prevent 
decomposition  of  the  discharges  and  infection  of  the  wound  ;  and  4.  To 
maintain  perfect  rest. 

Cleaning  the  Wound. — It  is  better  in  all  eases,  whatever  mode  of  cbessing 
it  is  intended  to  adopt,  to  syringe  the  wound  out  with  some  antiseptic  solu- 
tion, as  by  this  means  any  dirt  which  may  have  been  forced  into  the  wound  at 
the  time  of  the  accident,  or  have  adhered  to  the  bone  if  it  have  been  pro- 
truded, may  be  washed  out.    The  best  solutions  are  cai'bolic  acid  and  water 
(1  to  20)  ;  tincture  of  iodine  and  water  (1  to  80)  :  or  chloride  of  zinc  (20grs. 
to  an  ounce).    The  skin  round  the  wound  may  also  be  cleaned  with  the  same 
solution.    It  is  better,  however,  not  to  wash  it  at  all,  but  to  wipe  the  surface 
clean  with  dry  rag  or  cotton-wool,  rather  than  to  use  common  unpurified 
water.    In  syringing  out  the  wound,  a  glass  syringe  with  a  piece  of  stiff 
india-rubber  tubing  on  the  nozzle  should  be  used.    This  will  penetrate  all 
parts  of  the  wound  and  yet  is  not  rigid  enough  to  force  its  way  amongst 
sound  tissues.    The  lotion  must  be  allowed  to  flow  out  freely,  so  as  to  avoid 
injecting   the   surrounding  lymph-spaces.     Having  cleaned  the  wound 
thovo\\g\\\j,  provision  must  be  made  for  efficient  drainage.    In  many  cases  the 
wound  is  large  enough  to  allow  of  perfect  drainage  ;  if  it  should  not  be  so,  it 
may  be  enlarged,  but  it  is  scarcely  ever  justifiable,  however  large  the  wound 
may  be,  to  insert  stitches.    If  the  skin  is  much  undermined  a  counter-opening 
may  often  be  made  with  advantage,  and  a  draiuage-tulie  inserted.  The 
2rreventu)n  of  decomjwsition  of  the  discharges  and  infection  of  the  wound  is  carried 
out  by  one  of  the  methods  of  dressing  ah-eady  described  in  the  Chapter  on 
"Wounds.    Amongst  these  the  carbolic-gauze-dressing  will  be  found  one  of  the 
most  certain  and  most  successful,  and  a  few  points  require  notice  with  regard 
to  its  application  to  compound  fractures.    In  many  compound  fractures  the 
air  gets  sucked  in  by  the  movements  of  the  limb,  and  can  be  felt  crepitating 
in  the  subcutaneous  tissue  for  some  distance  on  each  side  of  the  wound. 
In  these  cases  it  is  not  necessary  to  force  the  solution  as  far  as  the  air 
has  gone,  as  it  seems  to  deposit  its  dust  close  to  the  wound,  where  it  can 
be  reached  easily  by  the  disinfectant.    If  the  wound  is  many  hours  old  or 
very  dirty,  it  is  well  to  put  into  it  some  iodoform  in  crystal  to  ensure  a  more 
permanent  disinfecting  action.    In  applying  the  dressing  care  must  be  taken  in 
Avrapping  it  round  the  limb  to  see  that  it  is  so  arranged  that  it  can  be  opened 
when  it  requires  changing,  while  the  limb  is  lying  well  supported  and  in  a  com- 
fortable position.    Thus  in  the  case  of  a  fracture  of  the  leg  treated  by  ('line's 
lateral  sphnts,  the  edge  of  the  dressing  should  be  under  the  internal  splint  so 
that  it  can  be  opened  without  disturbing  the  fracture  while  the  leg  lies  on  the 
outer  splint.    The  dressings  must  be  held  in  position  by  the  splints ;  no 
bandage  must  be  put  on  under  the  sphnts,  as  it  is  impossible  to  do  this  with- 
out disturbing  the  ends  of  the  bone.    The  dressing  must,  in  ordinary  cases, 
be  changed  at  the  end  of  the  first  twenty-four  hours.    It  will  be  found  to  be 
soaked  in  an  abundant  red  serous  discharge  :  the  wound  will  be  completely 
fihed  by  a  smooth  layer  of  blood-clot,  level  with  the  skin,  which  must  on  no 
account  be  disturbed.    It  must  be  covered  immediately  with  a  fi-esh  piece  of 
"protective,"  and  a  double  layer  of  wet  gauze  and  the  dressing  reapplied. 
After  this  it  is  not  necessary  to  dress  the  wound  till  the  discharge  shows  at 
the  edge  of  the  dressing.    If  all  goes  well  the  blood-clot  remains  unchanged, 
or  at  most  becomes  grey  on  the  surface  until,  after  a  variable  period,  fi'om 
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two  to  three  weeks,  it  will  be  found  to  have  been  completely  replaced  by 
granulation-tissue,  which  has  gradually  grown  up  from  beneath  and  absorbed 
it.  There  is  no  reason  to  believe  that  the  clot  itself  becomes  organized.  If 
the  wound  be  very  small  and  the  fracture  miaccompanied  by  much  injury  to 
the  soft  parts,  it  frequently  happens  that  the  di-essiug  can  be  left  unchanged 
for  two  weeks  oi'  more,  when  the  wound  will  be  found  to  have  healed  as  if 
under  a  scab.  In  carrying  out  the  antiseptic  treatment  by  the  carbolic-gauze- 
dressing,  the  spray  will  be  found  to  give  additional  security,  but  it  is  the  least 
essential  part  of  the  treatment.  Unskilful  dressing  will,  however,  undo  half  the 
good  done  by  the  prevention  of  decomposition  ;  the  superficial  clot  is  broken 
down,  the  growing  granulation-tissue  torn,  and  suppuration  frequently  foUows 
from  rough  handling  during  the  time  the  dressing  is  being  changed.  The 
results  of  this  treatment  of  compound  fractures  have  been  very  satisfactory. 

The  dry  antiseptic  dressings,  as  iodoform-wool,  salicylic  wool,  and  salicylic 
silk,  have  also  given  excellent  results  ;  as  also  has  the  terebene-and-oil-dressing. 
These,  as  they  do  not  require  changing  so  frequently,  give  more  j)erfect  rest 
than  the  antiseptic  gauze-dressing  ;  but  they  are  not  as  certain  iu  the  preven- 
tion of  decomposition. 

If,  as  must  frequently  happen,  the  necessary  materials  are  not  at  hand  for 
a  genuine  antiseptic  dressing,  the  wound  must  be  treated  by  strict  attention 
to  cleanliness,  rest,  and  drainage.  Antiseptic  lotions  may  be  used,  and  the 
wound  be  left  as  open  as  possible  for  the  exit  of  discharges.  If  these  be 
retained  in  the  limb'by  the  external  wound  being  kept  closed  by  the  dressing, 
deep  infiltration  of  the  areolar  inter-muscular  planes  will  ensue,  with  much 
tension  and  diffuse  suppiu'ation  accompanied  by  severe  constitutional  disturb- 
ance, and  followed  probably  by  jDyEemia.  It  is,  I  believe,  in  consequence  of 
the  free  vent  thus  aflForded  to  the  discharges,  and  of  their  retention  being 
avoided,  that  many  of  the  worst-looking  cases  of  compound  fracture,  especially 
of  the  leg — those  ip  which  there  has  been  extensive  sloughing  of  the  soft 
parts  around  the  wound,  with  exposure  of  the  fractured  fragments — eventually 
do  the  best.  The  danger  in  such  cases  is  a  remote  one,  from  hectic  and 
exhaustion  ;  not  an  immediate  and  grave  one,  from  septic  absorption,  resulting 
fi"om  the  infiltration  of  the  limb. 

If  the  antiseptic  treatment  fail  or  cannot  be  made  use  of,  and  suppuration 
takes  place,  with  decomposition  of  the  discharges,  an  endeavour  must  be  made 
to  moderate  the  inflammation  and  lessen  the  constitutional  disturbance.  This 
is  best  effected  by  fixing  the  Hmb  on  a  splint  in  such  a  way  that,  although 
the  wound  can  be  cleaned  and  attended  to,  the  apparatus  shall  be  left  undis- 
turbed and  untouched  as  long  as  possible.  The  great  art  in  the  successful 
treatment  of  a  compound  fracture  under  these  circumstances  consists  in  not 
disturbing  the  limb  ;  for  days  or  even  weeks  it  may  sometimes  advantageously 
be  left  without  interference  Avhen  once  it  has  been  carefully  put  up.  Should  much 
swelling  take  place,  and  the  wound  become  inflamed  and  sloughy,  and  should 
much  inflammation  be  set  up  in  the  hmb,  this  may  be  moderated  by  the  appli- 
cation of  warm  antiseptic  applications,  the  best  when  available  being  boracic 
acid  lint  moistened  in  warm  water.  The  part  should  be  elevated  and  but 
lightly  covered,  the  bed-clothes  being  well  raised  by  means  of  a  cradle,  so  as 
not  to  press  on  the  limb ;  care  being  taken,  at  the  same  time,  that  the  bandages 
be  applied  very  loosely,  merely  with  a  sufficient  degree  of  force  to  retain  the 
hmb  upon  the  splint,  as  inflammatory  infiltration,  that  might  rapidly  induce 
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strangulation  of  the  part,  is  apt  to  ensue.  The  constitutional  irritation  must 
be  subdued  by  the  administration  of  opiates,  together  with  an  aperient ;  and 
these  medicines  must  be  repeated  from  time  to  time  during  the  first  few  days. 
Moderate  and  cooling  regimen  must  be  employed,  and  the  patient  be  disturbed 
as  little  as  possible.  In  many  cases,  if  the  patient  be  addicted  to  drhiking, 
the  constitutional  disturbance  soon  assumes  the  imtative  form  :  in  these  cir- 
cumstances, it  is  of  great  moment  that  support,  and  even  stimulants,  be  freely 
given  ;  they  must  be  allowed  from  the  very  first,  and  increased  in  proportion 
to  the  depression  of  the  patient's  strength,  or  as  symptoms  of  nervous  irritation 
come  on. 

If  there  be  much  extravasation  of  blood  into  the  soft  parts,  and  bruising, 
great  tension  of  the  limb,  followed  by  unhealthy  suppuration  and  sloughing, 
will  take  place  in  the  neighbourhood  of  the  wound  ;  free  incisions  are  then 
required  to  remove  the  tension  and  strangulation  of  the  tissues,  and,  by 
letting  out  the  decomposing  blood  and  pus,  to  lessen  the  risk  of  the  occurrence 
of  gangi'enc,  and  diminish  the  fever  resulting  from  the  absorption  of  the 
products  of  putrefaction.    It  is  in  these  cases  that  much  injury  results  from 
blindly  following  as  a  routine-practice  in  all  cases  indiscriminately,  the  treat- 
ment which  is  undoubtedly  of  the  highest  value  in  some ;  viz.,  that  of  keeping 
over  the  wound,  with  a  view  to  closure  by  the  first  intention,  any  impervious 
di'essing,  whether  antiseptic,  plasters,  or  a  pad  of  lint  soaked  in  blood,  that 
has  become  hard  and  impermeable.    The  natural  vent  to  the  discharge 
through  the  external  opening  being  interfered  with,  deep  infiltration  takes 
place  through  the  areolar  planes  of  the  limb,  and  the  most  extensive  local  mis- 
chief may  result,  pyaemia  being  almost  certain  to  ensue.    As  soon  as  suppura- 
tion is  fairly  established,  fomentations  of  boracic  lint  or  thick  moist  oakum- 
dressing  should  be  applied,  and  the  wound  may  be  sprinkled  with  iodoform ; 
the  burrowing  of  matter  must  be  prevented  by  making  counter-openings  where 
necessary,  and  by  attention  to  the  position  of  the  limb.    The  wound  must  be 
frequently  syringed  with  carbolic-acid-lotion,  Condy's  fluid,  or  some  other  anti- 
septic.   The  fracture-apparatus  must  be  kept  scrupulously  clean,  especially  in 
summer  ;  the  bandages  changed  as  often  as  soiled,  and  the  pads  well  protected 
with  oiled  silk.    During  this  period  various  complications,  such  as  septictemia, 
pytemia,  erysipelas,  inflammation  of  the  lymphatics  and  veins,  and  septic  pneu- 
monia, are  apt  to  occur,  requiring  special  consideration  and  treatment  ;  so 
also,  if  the  discharge  be  abundant,  hectic,  with  its  sweats,  and  gastro-intestinal 
irritation  may  come  on,  requiring  full  support  of  the  powers  of  the  system, 
and  the  administration  of  the  mineral  acids  and  other  remedies,  according  to 
circumstances.    As  the  confinement  to  bed  is  necessarily  very  prolonged  in 
these  cases,  often  extending  through  many  weeks  and  months,  the  state  of  the 
patient's  back  should  be  attended  to,  and  he  should  early  be  placed  upon  a 
water-cushion,  or  hydrostatic  bed,  lest  sores  supervene.  As  the  wound  gradually 
heals,  it  may  be  dressed  with  some  stimulating  lotion  as  the  red  or  blue  wash. 
The  bone  will  often  be  observed  lying  white  and  bare,  bathed  in  pus,  at  the 
bottom  of  the  wound.    But  even  in  this  apparently  unfavourable  condition  it 
may  recover,  granulations  gradually  springing  up  on  its  surface  and  covering 
it  in ;  in  other  cases,  necrosis  to  a  greater  or  less  extent  takes  place,  and 
perfect  consolidation  does  not  occur  until  the  bone  has  separated.  Curling 
has  shown  that  those  portions  of  necrosed  bone  which  are  connected  with  the 
lower  fragment  are  slowest  in  detaching  themselves.    In  some  instances  a 
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large  quantity  of  provisional  callus  is  thrown  out,  in  Avhich  the  necrosed  bone 
is  iniphcated ;  and  then  the  process  of  separation  becomes  extremely  tedious 
and  protracted,  and  amputation  may  not  uncommonly  become  necessary,  from 
the  powers  of  the  patient  being  unable  to  bear  up  in  so  prolonged  a  struggle. 
So  soon  as  some  consolidation  has  taken  place,  the  limb  should  be  firmly  put 
up  in  gutta-percha  or  leather  splints,  witli  a  starched  or  plaster-bandage,  so  as 
to  enable  the  patient  to  be  taken  out  of  bed,  to  change  the  air  of  his  room, 
and  thus  to  keep  up  his  general  health.  In  fitting  these  splints,  care  must  be 
taken  to  make  an  aperture  opposite  the  wound,  through  which  it  may  be 
dressed  (Fig.  178). 

Neudorfer  has  introduced  a  dry  plaster-of -Paris  dressing  for  compound  fi'ac- 
tures,  especially  those  produced  by  gun-shot,  and  indeed,  for  aU  attended  by 
excessive  suppuration.  From  this  means  he  derived  the  best  possible  results 
in  the  German  wars  of  18G4  and  18GG.  His  method  is  as  follows.  Beneath 
the  seat  of  injury  he  places  eight  layers  of  linen  cloth,  and  on  this  several 
pounds  of  dry  gypsum  are  poured,  so  that  it  lies  under  and  around  the 
fracture  mitil  there  is  a  wall  heaped  up  on  each  side  of  the  womid,  which 
is  also  covered  in.  The  linen  cloths  are  then  brought  over  like  a  many- 
tailed  bandage,  and  the  whole  is  tied  up  by  short  lengths  of  bandage.  As  the 
plaster  becomes  impregnated  with  pus,  it  is  scraped  off,  but  the  w^ound  is  on  no 
accomit  to  be  meddled  with  ;  new  plaster  is  applied  where  the  old,  which  has 
become  pasty,  has  been  remoA-ed.  Neudorfer  states  that,  when  compound 
fracture  has  been  treated  by  the  fixed  plaster-bandage,  this  should  be  generally 
removed  at  the  end  of  fourteen  days  ;  after  this  the  dry  method,  as  above 
described,  may  be  applied,  and  no  splint  or  other  extending  or  containing 
apparatus  is  required.  It  may  be  observed  that,  as  plaster  of  Paris  does  not 
"  set "  with  albuminous  fluids,  it  is  not  hardened  by  the  pus,  but  merely 
absorbs  it,  becoming  pasty. 

The  time  required  for  the  proper  consolidation  of  a  compound  fracture  varies 
greatly,  according  to  the  amount  of  injury  done  to  the  bones  and  soft  parts, 
and  the  age  and  constitution  of  the  patient.  In  the  most  favourable  circum- 
stances, it  requires  double  or  treble  the  time  that  is  necessary  for  the  union  of 
a  simple  fracture.  Much  stiffness  of  the  limb  from  rigidity  of  the  muscles  and 
tendons  will  continue  for  a  considerable  length  of  time  ;  this  may  gradually  be 
removed  by  frictions  and  douches. 

Secondary  Amputation  may  become  necessary  fi'om  the  occurrence  of 
traumatic  gangrene,  and  then  it  must  be  done  in  accordance  with  the  prin- 
ciples already  laid  down  when  speaking  of  that  operation ;  but  more  frequently 
it  is  required  from  failure  of  the  powers  of  the  patient  in  consequence  of  septic 
fever,  induced  by  absorption  of  the  products  of  putrefaction  from  the  wound 
and  the  infiltrated  parts  around,  or  by  hectic  resulting  fi-om  chronic  septic 
suppuration  and  slow  necrosis  of  the  bones.  In  these  circmnstauces,  by 
removing  the  source  of  the  mischief  in  time  and  seizing  an  interval  when  the 
fever  is  at  its  lowest  point,  the  patient's  life  will  in  all  probability  be  preserved; 
the  results  of  secondary  amputation  for  compound  fracture  in  these  conditions 
being  by  no  means  unfavourable.  Indeed  it  is  remarkable  to  see  how  speedily 
the  constitutional  symptoms  subside  after  the  removal  of  the  source  from 
which  the  absorption  of  septic  matter  is  taking  place  ;  the  patient  often  sleep- 
ing well  and  taking  his  food  with  appetite  the  day  after  the  operation. 

The  proper  period  to  seize  for  the  performance  of  secondary  amputation  in 
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the  earlier  sti\2:es  of  the  injury  is  often  a  most  critical  point.  As  a  rule  it  may 
be  stated  that,  if  the  limb  be  not  removed  during  the  first  twenty-four  hours, 
eight  or  ten  days  must  be  allowed  to  elapse  before  the  operation  is  done  ;  as 
during  that  time  the  patient  is  suffering  acutely  from  the  early  septic  fever, 
and  operations  during  this  stage  are  notoriously  fatal.  But  when  granulations 
begin  to  spring  up  in  the  wound  and  oppose  a  ban-ier  to  the  further  absorption 
of  septic  matter,  the  fever  subsides,  and  the  limb  may  be  removed  with  the 
best  prospect  of  success.  The  thermometer  is  the  great  guide  ;  as  soon  as  it 
has  decidedly  fallen  from  the  high  septic  fever  point  of  about  104:°  F.  to  105°  F. 
to  about  100°  F.  or  lower,  the  operation  may  be  safely  undertaken.  Should  it 
appear,  however,  that  the  patient  is  becoming  rapidly  exhausted,  and  will 
hardly  survive  to  the  desired  time,  amputation  may  be  performed  as  a  last 
chance  during  the  period  of  septic  fever.  In  these  circumstances,  however, 
the  operation  is  seldom  successful  ;  the  stump  becomes  sloughy,  diifuse  in- 
flammation comes  on,  septicaemia  or  pycemia  may  set  in,  and  the  patient 
speedily  dies.  In  other  cases,  after  the  first  fall  of  the  temperature,  it  may 
frequently  rise  again  from  the  formation  of  abscesses  in  the  neighbom-hood  of 
the  necrosed  bone,  or  from  burrowing  of  pus  amongst  the  muscles ;  or  the 
patient  may  gradually  be  worn  out  by  the  profuse  discharge.  In  these  cases 
the  patient's  power  must  not  be  allowed  to  sink  to  the  last  ebb  before  amputa- 
tion is  performed  ;  as  then  the  shock  may  destroy  life,  or,  if  he  survive,  the 
immediate  eflfect  of  the  operation  in  his  weakened  state  predisposes  him  to  be 
attacked  by  the  various  infective  processes  to  which  wounds  are  liable.  Much 
as  "conservative"  surgery  is  to  be  be  admired  and  cultivated,  and  hasty  or 
unnecessary  operation  to  be  deprecated,  I  cannot  but  think  that  the  life  of  the 
patient  is  occasionally  jeopardized,  and  even  lost,  by  disinclination  on  the  part 
of  the  Surgeon  to  operate  sufficiently  early  in  cases  of  compound  fracture,  and 
by  too  prolonged  attempts  at  saving  the  injured  limb. 

The  success  of  the  operation  will  in  a  great  measure  depend  upon  the  after- 
treatment.  Large  quantities  of  stimulants  and  support  are  often  required  in 
London  practice  to  prevent  the  patient  from  sinking.  I  have  frequently  given 
with  the  best  results,  eight  or  ten  ounces  of  brandy,  twelve  or  sixteen  of  port 
wine,  or  two  or  three  pints  of  porter,  in  the  twenty-four  hours  after  these 
operations,  with  beef-tea,  aiTow-root,  or  meat,  if  the  patient  would  take  it,  and 
have  found  it  absolutely  necessary  to  do  so  to  obviate  death  fi-om  exhaustion. 

At  a  later  period,  when,  some  weeks  or  months  having  elapsed,  the  fracture 
has  not  united,  the  bones  are  necrosing,  and  the  patient  is  being  worn  out  by 
hectic,  amputation  must  be  performed  at  any  convenient  moment,  and  is  often 
done  with  great  success  if  it  be  not  defeiTcd  till  too  late ;  for  here  the  cause  of 
the  mischief  is  entirely  local,  and  the  constitution,  suffering  only  by  the 
debility  resulting  from  it,  quickly  rallies  when  it  is  removed. 

Bending,  Eebreaking,  and  Eesetting  Bones. — It  may  happen,  that  at 
the  end  of  two  or  three  weeks  a  fi-actured  bone  is  found  in  a  faulty  position. 
At  this  period  the  bond  of  union  is  soft  and  yielding,  and  the  displacement,  if 
angular,  may  usually  be  remedied  by  fi'equent  re-adjustment  of  the  apparatus, 
and  more  particularly  by  bandaging  the  fractured  fragments  in  opposite 
directions,  or  by  the  use  of  pads  pressing  on  the  extremities  of  the  broken  bones. 
If  this  period  be  allowed  to  pass  by,  and  the  fracture  be  allowed  to  become 
consoHdated,  it  may  be  found  to  be  so  hadhj  set  that  it  is  necessary  to  forcibly 
bend  or  break  the  callus,  in  order  to  improve  the  condition  of  the  limb.  When 
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the  displacement  is  angular,  and  the  consolidation  not  very  firm,  as  is  usually 
the  case,  this  may  be  done  readily  enough  ;  but  if  the  displacement  be  longi- 
tudinal, and  much  time  have  elapsed  since  the  occurrence  of  the  injury,  it  will 
be  difficult,  if  not  impossible,  to  remove  the  deformity.  The  bending  or 
breaking  of  the  callus  is  best  done  under  the  influence  of  chloroform  :  the 
fi-acture  being  then  put  up  again,  speedy  and  perfect  consolidation  will  ensue. 
In  this  way  I  have  several  times  remedied  a  faulty  position  in  fractured 
bones,  although  from  six  to  ten  weeks  had  elapsed  from  the  occurrence  of  the 
injury. 

In  the  majority  of  cases,  the  simple  force  exerted  by  the  unaided  strength  of 
the  Surgeon  will  suffice  to  break  the  bone.    But  should  several  months  have 
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elapsed  since  the  consolidation,  the  unaided  strength  will  not  prove  sufficient. 
In  such  cases.  Butcher  has  successfully  employed  a  surgical  clamp  (Fig.  182), 
by  the  pressure  of  which  the  bone  may  be  broken  across  at  its  displaced  angle', 
even  though  the  ftiulty  union  is  of  several  months'  duration.  ^ 

Should  the  consolidation  of  the  fracture  be  too  firm  to  admit  of  re-bendino- 
or  re-breaking,  suhcuianeous  osteotomy  may  be  employed  in  some  cases  witli 
advantage.  This  may  be  done  by  means  of  a  chisel,  or  by  Adams's  narrow- 
bladed  saw.  With  this  latter  instrument  I  have  divided  the  fibula  in  a  badlv- 
set  Pott's  fracture,  where  the  bone  had  united  at  an  angle  pointing  iiiwards 
and  thus  throwing  the  outer  edge  of  the  foot  upwards.  The  same''  operation 
may  be  applied  to  other  bones,  especially  to  those  of  the  fore-arm. 

A  bone  which  does  not  appear  to  have  been  very  skilfully  set,  and  which 
presents  a  certain  amount  of  deformity  when  the  splints  or  apparatus  coverino- 
it  are  removed,  may  gradually  regain  its  proper  shape  if  left  to  itself  This  i't 
does  by  the  muscles  of  the  limb  moulding  the  callus,  whilst  still  somewliat  soft 
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and  yieldino;,  into  a  proper  shape.  The  callus  may  be  quite  strong  enough  to 
bear  the  weight  and  to  maintain  the  length  of  the  limb  in  its  fall  integrity 
after  the  removal  of  all  apparatus,  and  yet  be  sufficiently  yielding  to  become 
slowly  and  gradually  shaped  by  the  action  of  the  muscles  of  the  limb  when 
they  are  left  untrammelled  by  bandages. 

But  it  more  commonly  happens  that  a  limb  which,  Avhen  taken  out  of  the 
splints  at  the  proper  period,  appears  to  be  straight  and  of  good  length, 
gradually  yields  under  the  weight  of  the  body  and  the  strain  of  the  muscles  : 
so  that,  at  the  end  of  a  few  weeks,  great  and  most  unsightly  deformity 
occurs.  In  these  cases  the  Surgeon  is  often  unduly  blamed  ;  and  to  his 
unskilfulness  is  attributed  that  displacement  which,  in  reality,  is  due  to  the 
faulty  character  of  the  callus.  It  must  be  remembered  that  there  is  every 
degree  of  firmness  of  the  callus,  from  that  which  is  of  normal  consistence 
to  that  which  is  quite  unable  to  support  the  weight  of  the  limb  or  body, 
and  that  yields  more  or  less  quickly  under  the  pressure  to  which  it  is 
subjected. 

Delayed  Union. — Occasionally,  more  particularly  in  cases  of  fracture  of  the 
femur,  tibia,  and  humerus,  the  union  between  the  broken  fragments  is  ddaijed 
several  weeks  beyond  the  usual  period  of  perfect  consolidation.  This  arises, 
in  the  majority  of  cases,  from  constitutional  debility,  rather  than  from  local 
causes.  Several  cases  of  delayed  union  have  been  recorded  in  which  repair 
readily  took  place  after  the  employment  of  mercury ;  indeed,  in  syphilitic 
subjects  the  constitutional  taint  should  always  be  treated.  A  not  unfrequent 
cause  of  delayed  union  is  "meddling"  with  the  fr-acture,  changing  the  appara- 
tus, removing  splints  or  frequently  testing  the  solidity.  When  it  is  found  at 
the  expiration  of  six  or  eight  weeks  after  the  occurrence  of  simple  fracture 
that  the  callus  is  still  yielding,  the  general  health  should  be  improved  by  tonics, 
change  of  air,  &c.,  and  the  limb  securely  put  up  in  starched  or  plaster-of-Paris 
bandages.  Indeed,  I  believe  that  delayed  union  is  much  less  likely  to  occur  in 
patients  who  have  from  the  first  been  treated  by  the  starched  bandage,  and 
allowed  to  move  about,  than  in  those  who  have  been  confined  to  bed  or  rather 
to  the  house  in  the  ordinary  way. 

Ununited  Fracture  and  False  Joints. — Some  bones,  when  broken, 
very  rarely  unite  by  bone,  their  fragments  being  kept  firm  merely  by  fibrous 
tissue,  in  some  cases  blended  with  the  aponeurotic  structures  of  the  part,  as  is 
the  case  with  the  patella.  This,  which  is  ouing  to  a  want  of  apposition  of 
the  fragments,  and  is  dependent  on  the  anatomical  relations  of  the  part,  cannot 
be  considered  a  diseased  condition. 

It  occasionally  happens,  however,  in  a  fracture  of  the  shaft  or  the  articular 
end  of  a  long  bone,  that  proper  union  does  not  take  place,  and  we  get  either 
Ununited  Fracture  or  a  False  Joint.  ' 

In  an  Ununited  Fracture  the  ends  of  the  bone  are  rounded  and  the 
medullary  canal  closed  by  a  thin  plate  of  bone,  which  is  sometimes  hard  and 
eburnated  ;  more  often  the  ends  are  atrophied  and  somewhat  pointed.  They 
are  merely  connected  by  or  enveloped  in  some  loose  fibrous  tissue.  Ununited 
fracture  may  arise  iu  one  of  three  ways  ;  1,  the  fr-agments  may  be  so  widely 
separated  that  no  uniting  material  could  form  ;  2,  from  various  causes  no 
uniting  material,  but  loose  fibrous  tissue  has  been  formed,  and  3,  true  bony 
union  has  taken  place,  but  owing  to  some  peculiar  state  of  the  patient's  health, 
the  callus  has  become  absorbed  and  the  fracture  loosened. 
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In  False  Joint  there  has  usually  been  an  abundant  formation  of  the  early- 
soft  reparative  material  preliminary  to  the  formation  of  bony  callus,  but  it  has 
failed  to  ossify,  and  has  become  developed  into  more  or  less  firm  fibrous  tissue, 
so  that  the  ends  of  the  bone  are  tied  together  by  strong  almost  ligamentous 
bands.  The  structure  of  these  false  joints,  which  has  been  carefully  studied 
by  Rokitansky,  presents  two  distinct  varieties.  In  the  first,  Avhich  partakes 
of  the  character  of  a  hinge-joint,  we  find  that  the  ends  of  the  fracture  are 
smoothed  and  rounded,  invested  with  a  dense  fibrous  periosteum,  and  united 
to  one  another  by  thick  bands  of  ligamentous  tissue,  in  such  a  way  as  usually 
to  admit  of  considerable  lateral  movement,  though  sometimes  they  are  tolerably 
firm.  In  the  other  variety  the  joint  partakes  of  the  ball-and-socket  character, 
usually  to  a  very  imperfect  degree,  but  sometimes  m  a  sufficiently  well-developed 
manner — one  end  of  the  bone  being  rounded,  the  other  cup-shaped,  and  both 

covered  by  a  firm  smooth  fibroid  tissue.  The  bones 
are  united  by  a  kind  of  capsule,  in  which  a  synovia- 
like  fluid  has  occasionally  been  found. 

The  form  that  the  false  joint  will  assume  de- 
pends on  the  action  of  the  muscles  which  influence 
it.  Thus,  when  occurring  in  the  shafts  of  long 
bones,  where  it  is  subjected  to  movements  of  flexion 
and  extension,  it  will  assume  the  hinge-form  ; 
whilst,  when  it  is  seated  in  the  articular  ends, 
where  it  is  more  subjected  to  movements  of 
rotation,  it  will  affect  the  ball-and-socket  character. 

Non-union  of  fracture,  whether  resulting  in  false 
joint  or  in  ordinary  ununited  fracture,  is  undoubtedly 
very  rare.  I  have  very  seldom  met  with  it  in  my 
oym  practice.  The  cases  that  have  been  under  my 
care  at  University  College  Hospital  have  almost 
all  been  sent  up  from  various  parts  of  the  country, 
and  probably  present  but  a  very  smaU  proportion  of 
the  fractures  that  have  occurred  in  the  districts  from 
Fig.  is3.-Faise  Joint  in  Humerus,  which  they  Came.     Wc  probably  exaggerate  the 

frequency  of  non-union,  if  we  say  that  it  occurs 
in  the  proportion  of  one  in  a,  thousand  cases  of  fracture  of  the  limbs. 

Causes. — The  causes  of  ununited  fractm-e  and  of  false  joint  are  constitutional 
and  locaJ. 

In  some  cases  the  Constitutional  Cause  appears  to  be  a  cacliedic  stats  of 
the  system  occurring  from  some  diseases,  such  as  fever,  scurvy,  syjjhilis,  or 
cancer,  or  from  any  depressing  influence,  in  consequence  of  which  there  is  a 
diminished  reparative  power.  If  callus  have  been  formed,  it  may,  under 
the  influence  of  these  constitutional  causes,  again  become  absorbed,  and  the 
fracture  may  thus  be  loosened.  This  is  said  to  be  especially  liable  to  occur  in 
scurvy.  Mere  debility,  independently  of  some  definite  constitutional  disease, 
will  not  lead  to  want  of  union  in  a  fracture.  In  fact,  in  many  very  weakly 
children,  fractures  will  unite  with  the  greatest  readiness ;  or  if  union  be 
delayed  for  a  short  time  it  will,  on  the  improvement  of  health,  readily  take 
place.  Indeed,  the  causes  that,  independently  of  local  conditions,  lead  to  non- 
union of  a  fractured  bone,  are  most  obscure.  In  many  cases  no  constitu- 
tional cause  for  the  want  of  union  can  be  detected,  the  patient  beino-  in 
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excellent  health,  stronp^,  and  robust.  lu  spontaneous  fractures,  union  seldom 
takes  place  very  readily  or  perfectly. 

Pregnancy  is  said  to  have  a  tendency  to  interfere  with  the  proper  union 
of  a  fracture  ;  this,  however,  I  consider  doubtful,  as  I  have  had  under  my 
care,  and  have  seen,  a  considerable  number  of  cases  of  fracture  iu  pregnant 
women,  which  united  in  the  ordinary  time.  Billroth  has  made  a  similar 
observation. 

Age. — Failure  of  union  in  fractures  is  veiy  rare  in  children,  and  when  it 
occurs  in  them  is  seldom  remediable,  unless  it  be  the  result  of  neglect  or  of 
improper  mechanical  treatment.  It  is  more  common  at  the  earlier  adult  and 
middle  ages.  Union  will  readily  occur  in  aged  individuals.  Indeed,  advanced 
age  appears  to  exercise  no  adverse  influence  on  the  repair  of  fractures.  I  have 
on  two  occasions,  in  my  own  practice,  known  very  firm  and  perfect  consolida- 
tion of  fracture  of  the  shaft  of  the  femur  to  take  place  in  women  of  ninety 
years  of  age  and  upwards. 

The  Local  Causes  are  various  and  important.  The  anatomical- condition 
of  the  fi-agments,  as  regards  their  vascular  supply,  is  perhaps  that  on  which 
want  of  union  is  most  immediately  dependent.  For  proper  union  to  take 
place,  it  is  necessary  that  the  callus  be  formed  from  both  sides  of  the  fracture. 
If  one  fragment  be  so  situated  that  sufficient  blood  is  not  sent  to  it  for  this 
purpose,  not  only  may  want  of  union,  but  necrosis,  occur.  This  is  exemplified 
in  fr'actures  of  the  superior  articular  ends  of  the  humerus  and  femur.  In 
intra-capsular  fracture  of  the  anatomical  neck  of  the  humerus,  the  globular 
head,  being  detached  from  all  its  vascular  connections,  may  necrose.  Iu  iutra- 
capsular  ft-acture  of  the  neck  of  the  femur,  the  head  of  the  bone,  still  retaining 
some  vascular  connection  through  the  medium  of  the  ligamentum  teres,  has 
sirfficient  blood  furnished  to  it  to  prevent  its  death,  but  not  enough  to  form 
callus — hence  fibrous  union  takes  place.  In  the  shafts  of  the  long  bones,  the 
degree  of  union  will  be  dependent  in  a  great  measure  on  the  conditions  of  the 
vascular  supply  to  the  fragments,  through  the  medium  of  the  nutrient  artery. 
The  influence  of  rupture  of  the  nutrient  artery  of  a  bone  by  the  line  of 
fracture  running  across  it,  and  thus  interfering  with  the  vascular  supply  of  one 
of  the  fragments,  has  been  investigated  by  Gueretin  ;  and  the  occasional 
occurrence  of  atrophy  of  the  bone  after  fracture,  has  been  shown  by  Curling 
to  be  dei^endent  upon  the  interruption  of  the  supply  of  arterial  blood  through 
this  vessel.  _  He  states  tliat  the  portion  of  bone  on  that  side  of  the  foramen 
towards  which  the  blood  flows,  being  deprived  of  its  proper  vascular  supply, 
undergoes  certain  changes ;  the  medullary  canal  becoming  expanded  and  the 
osseous  tissue  less  dense.  Gueretin  has  collected  cases  that  tend  to  prove  the 
direct  connection  between  the  occurrence  of  ununited  fracture,  and  the  want 
of  proper  arterial  supply  to  one  of  the  fi-agments.  Thus,  in  the  humerus  the 
course  of  the  nutrient  artery  is  from  above  downwards  ;  and  of  thirteen 
cases  of  ununited  fracture,  nine  were  found  to  be  situated  above  the  canal  in 
which  the  vessel  is  lodged.  In  the  fore-arm,  where  the  nutrient  artery 
passes  from  below  upwards,  of  eight  cases  of  ununited  fracture,  seven  occurred 
below  this  vessel,  and  only  one  above.  Adams,  has,  however,  shown  that  the 
number  and  size,  as  well  as  position,  of  the  arteries  entering  the  bone,  vary 
considerably ;  and  hence  the  objection  that  non-union  may  occur  in  a  fracture 
of  any  part  of  the  shaft  of  a  long  bone,  whereas  the  nutrient  artery  is  found 
only  at  one  spot,  can  scarcely  be  considered  a  very  valid  one. 
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Some  lones  are  much  more  Uahle  than  others  to  non-union  of  their  fractures. 
According  to  the  statistics  collected  by  JSTorris,  it  would  appear  that  the  femur, 
the  humerus,  the  bones  of  the  leg,  and  of  the  forearm,  and  lastly  the  lower 
jaw,  are  those  in  Avhioh  ununited  fractures  most  frequently  occur.  Thus  out 
of  150  cases,  48  occurred  in  the  femur,  48  in  the  humerus,  33  in  the  leg,  19 
in  the  forearm,  and  2  in  the  lower  jaw.  This  is  quite  out  of  proportion  to 
the  frequency  of  fracture  in  these  bones  ;  for,  according  to  Bruns,  of  all  frac- 
tures, 18  per  cent,  occur  in  the  forearm,  15  to  IG  in  the  leg,  7  in  the  humerus, 
and  6  in  the  femur.  Hamilton  states  that  in  his  experience  the  humerus  is 
more  commonly  the  scat  of  an  ununited  fracture  than  the  femur ;  and  my 
experience  agrees  with  his. 

One  cause  that  may  operate  in  leading  to  want  of  union  in  a  fracture  is  the 
application,  of  a  lanclage  directly  and  too  tightly  to  the  limb.  When  this  is 
done,  the  vascular  supply  to  the  broken  bone  is  strangled,  the  muscles  and  soft 
textures  want  nutrition,  and  consequently,  a  fortiori,  reparative  actions  are 
interfered  with,  and  callus  is  not  formed  of  proper  consistence  or  in  sufficient 
quantity  for  consolidation  of  the  fracture. 

The  occurrence  of  ununited  fracture  is  occasionally  attributed  to  the 
leant  of  proper  apposition  of  the  fragments  which  are  so  situated  that  instead 
of  the  broken  surfaces  being  in  contact,  rotation  of  the  limb  has  caused  the 
outer  and  periosteal  aspects  to  touch.  Doubtless,  in  some  cases,  it  may  be 
so  occasioned :  but  I  believe  that  these  causes  are  not  nearly  so  frequent  in 
their  operation  as  the  constitutional  and  local  conditions  that  have  already  been 
pointed  out.  The  interposition  of  a  piece  of  mvscle  between  the  fragments  may 
prevent  union.  Of  this  I  saw  an  interesting  instance  some  years  ago,  in  which 
want  of  union  in  a  fractured  femur  was  owing  to  perforation  of  the  vastus 
muscle  by  the  upper  fragment,  and  its  entanglement  between  the  broken  ends. 
But  it  is  very  certain  that,  to  whatever  condition,  local  or  constitutional,  non- 
union of  a  fracture  may  be  due,  it  is  in  very  many  cases  quite  impossible  to 
assign  to  it  any  cause  appreciable  by  the  Surgeon. 

In  a  certain  proportion  of  cases  variously  estimated  by  different  authors, 
the  cause  of  non-union  is  inefficient  maintenance  of  rest  during  treatment. 

Compound  fractures  much  more  often  fail  to  unite  than  simple  ;  in  many 
cases  this  is  due  to  loss  of  bone  by  necrosis. 

The  Treatment  of  ununited  fracture  must  not  be  conducted  by  local 
means  only  ;  const itufional  measmrs  should  not  be  neglected.  We  cannot 
expect  the  formation  of  firm  and  strong  callus  unless  the  general  health  be  in 
a  satisfactory  state.  If  callus  have  not  been  formed,  or  if,  after  formation,  it 
have  been  absorbed  under  the  influence  of  a  cachectic  state  of  the  system,  the 
improvement  of  the  patient's  health,  at  the  same  time  that  the  fracture  is  put 
up  again  firmly,  so  that  the  ends  of  the  bone  are  brought  into  close  apposition, 
may  bring  about  perfect  union.  In  some  instances  of  ununited  fracture  or 
delayed  union  in  syphilitic  subjects,  union  speedily  takes  place  after  the  admi- 
nistration of  some  preparation  of  mercury  or  iodide  of  potassium,  according  to 
the  stage  of  the  constitutional  affection.  I  have  had  under  my  care  at  the  Hos- 
pital, a  man  with  ununited  fracture  of  the  femur  from  absorption  of  the  callus 
four  months  after  the  occurrence  of  the  injury,  under  the  influence  of  incipient 
phthisis  and  debility  induced  by  want  of  food  :  perfect  consolidation  of  the 
fracture  was  produced  by  giving  him  cod-liver  oil  and  good  diet,  with  rest  in 
bed  and  a  starched  bandage  to  the  Hmb.    Hence  it  is  evident  that  impaired 
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nutrition  may  prevent  union,  even  after  callus  has  been  formed,  and  that 
improvement  of  the  nutritive  activity  of  the  body  may  of  itself  lead  to  con- 
solidation of  the  frag-mcnts.  If  there  be  no  very  evident  cause  for  the  want 
of  union,  it  will  occasionally  sufRce  to  put  up  the  fracture  firmly  in  leather  or 
srutta-percha  splints,  with  a  starched  bandage,  or  plaster  of  Paris,  and  then  to 
allow  the  patient  to  move  about  upon  crutches,  so  that  his  general  health  may 
not  suffer,  at  the  same  time  that  a  tonic  plan  of  treatment  is  followed.  I  have 
seen  se\'eral  cases  in  which  the  want  of  union  appeared  to  have  resulted  from 
too  long  confinement  of  the  patient  to  his  bed,  and  the  consequent  impairuient 
of  his  health,  consolidation  taking  place  when  a  more  flivourablc  hygienic 
system  was  enforced.  This  simple  plan  can,  however,  be  useful  only  if  but  a 
short  time,  at  most  some  months,  have  elapsed  fi-om  the  occurrence  of  the 
injury.  In  some  cases,  the  empirical  administration  of  mercury  is  attended 
with  success.  In  a  case  of  ununited  fracture  of  the  humerus  that  was  admitted 
into  the  University  College  Hospital  under  Listen,  fifteen  weeks  after  the 
occurrence  of  the  injury,  union  was  induced  within  a  month  by  putting  up 
the  limb  in  splints,  and  salivating  the  patient.  When  the  want  of  union  arises 
from  malignant  disease,  nothing  can  be  done. 

At  the  same  time,  with  appropriate  constitutional  treatment,  suitable  local 
tnm?is  must  be  employed  to  secure  steady  coaptation  of  the  fi'agmeuts.  In  the 
upper  extremity,  this  may  usually  be  done  by  means  of  splints  of  an  ordinary 
character.  In  the  leg,  the  starched  or  plaster-of-Paris-bandage  will  be  found 
to  be  especially  serviceable.  Before  putting  the  limb  up  in  the  plaster-  or 
starched  bandage,  it  is  a  good  plan  to  ruh  the  ends  of  the  hones  forcibly 
together,  the  patient,  if  necessary,  being  under  the  influence  of  an  auEesthetic. 
In  this  way  a  certain  degree  of  inflammation  may  be  set  up,  which  may  be 
followed  by  a  fresh  formation  of  callus. 

In  the  case  of  ununited  fracture  of  the  thigh,  special  apparatus  will  be 
required  to  secure  complete  fixity  and  steadiness  of  the  limb.  For  this  purpose, 
the  limb  should  be  put  in  an  apparatus,  consisting  of  an  outer  and  an  inner 
iron  rod  having  hinge-joints  opposite  the  hip  and  ankle,  and  attached  above 
to  a  strong  pelvic  band,  and  below  to  the  sole  of  the  boot.  The  thigh  part 
should  be  provided  with  well-padded  splints,  which  may  be  screwed  down  in 
opposite  directions  against  the  two  fragments,  so  as  to  hold  them  firmly  in 
contact.  This  instrument  should  be  worn  for  several  months ;  and  by  it 
Smith,  of  Philadelphia,  has  succeeded  in  curing  ten  out  of  fourteen  miuuited 
fractures  in  the  lower  extremity.  One  great  recommendation  is,  that  this  plan 
of  treatment  is  entirely  devoid  of  danger,  and  enables  the  patient  to  take 
exercise  Avhilst  under  treatment.  In  cases  where  there  are  much  shorteniug 
of  the  limb  and  riding  of  the  fragments,  which  are  especially  apt  to  occur  in 
the  thigh,  it  will  be  necessary  to  employ  extension  of  the  limb  as  well  as  com- 
pression of  the  fragments  against  one  another.  This  extension  may  be  made 
by  the  lateral  iron  rods  of  the  above-described  apparatus  being  constructed  so 
as  to  slide,  by  means  of  a  rack-and-pinion-  or  screw-mechanism,  by  which  the 
limb  may  be  gradually  lengthened  to  any  required  extent  (Fig.  184). 

When  the  failure  of  union  has  become  very  chronic,  and  a  False  Joint  has 
been  formed,  it  will  be  necessary  to  employ  operative  procedure  before  union 
can  be  attained.  All  operations  that  are  undertaken  in  these  cases  are  con- 
ducted on  one  of  two  principles  ;  either,  1,  to  excite  such  inflammation  in  the 
false  joint  and  the  neighbouring  tissues,  as  will  lead  to  inflammatory  exudation, 
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which,  as  in  the  process  of  union  of  a  recent  fracture,  may  be  followed  by  the 
development  of  calhis  ;  or  else,  2,  bij  removing  ilm  false  pint  ciUogethcr,  to  con- 
vert the  case  into  a  recent  compound  fracture,  and  to  treat  it  as  such  an  acci- 
dent.   It  can  be  easily  understood  that  operative  procedures  conducted  on 

these  principles  are  too  serious  to  be  lightly  undertaken, 
or  to  be  had  recourse  to  until  other  measures  have  failed, 
the  mortahty  following  them  being,  even  according  to 
publislied  statistics,  considerable,  and  probably  very  much 
greater  than  has  been  laid  before  the  profession. 

1.  Among  the  first  set  of  ojicrations, — those  that  have 
in  view  the  Excitation  of  Inflammation, — the  simplest 
procedure  consists  in  the  introduction  of  acupuncture 
needles,  or  in  the  subcutaneous  section  of  the  liga- 
mentous band  with  a  tenotome.  In  this  way  I  have 
known  union  effected  in  a  patient  of  Listen's,  who  had  a 
false  joint  in  the  shaft  of  the  femur  ;  though  not  until 
after  the  fracture  had  been  converted  into  a  compound 
one,  and  much  danger  and  suffering  incurred.  Four 
years  after  the  consolidation  of  the  ununited  fi-acture, 
the  patient  was  readmitted  into  the  Hospital,  under  my 
care,  with  fi-acture  of  the  same  bone  two  inches  lower 
down  than  the  former  injury  ;  on  this  occasion,  union 
took  place  in  the  usual  manner  and  time  without  any 
difficulty. 

Percussion  of  the  ends  of  the  bones  has  been  suc- 
cessfully employed  in  these  cases  by  H.  0.  Thomas.  The 
method  consists  in  protecting  the  skin  at  the  seat  of 
fracture  with  a  piece  of  felt,  and  then  percussing  forcibly 
the  ends  of  the  broken  but  ununited  bone  by  means  of  a 
copper  mallet.  The  percussion  under  anaesthesia  may  be  continued  for  several 
— as  many  as  ten — minutes  ;  it  may  only  be  required  once,  or  may  need  several 
repetitions.  The  eflFect  is  a  good  deal  of  local  swelling  and  irritation.  The 
limb  should  be  put  up  firmly  as  for  recent  fracture,  and  a  cure  may  be  expected 
in  from  four  to  six  weeks. 

The  introduction  of  a  seton  across  the  false  joint,  though  occasionally 
successful,  is  apt  to  give  rise  to  dangerous  and  even  fatal  results,  from  setting 
up  septic  suppuration  deep  in  the  limb,  with  very  insufficient  exit  for  the 
discharges,  thus  leading  to  extensive  diffuse  inflammation.  If  the  seton 
be  employed,  these  dangers  might  be  diminished  by  the  use  of  antiseptic 
precautions."  The  threads  must  not  be  left  in  beyond  a  few  days,  when  suffi- 
cient action  will  have  been  induced.  A  modification  of  the  seton  consists  in 
passing  a  silver  wire  around  the  fracture,  and  gradually  tightening  this,  so  as 
to  cut  through  the  false  joint  at  the  same  time  that  inflammation  is  excited  in 
it.  In  performing  this  operation,  it  must  be  borne  in  mind  that  large  arterial 
branches,  and  even  the  main  trunk,  especially  in  the  thigh,  may  become  firmly 
attached  to  the  callus,  so  that  unless  care  be  taken  they  may  readily  be 
womided. 

Dieflfenbach  has  proposed  to  excite  the  requisite  degree  of  inflammation 
by  driving,  with  a  mallet,  three  or  four  conical  ivory  pegs  into  holes 
bored  by  means  of  a  di-ill  into  the  ends  of  the  fractured  bone,  which  are 
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exposed  for  this  purpose.  The  awl,  or  drill,  may  be  worked  with  the  Archi- 
medean screw,  and  will  then  be  found  to  penetrate  much  more  easily  (Fig. 
185),  but  in  the  absence  of  this  instrument,  a  common  bradawl  will  do  just  as 
well.  The  soft  parts  are  then  to  be  laid  down,  and  after  a  few  weeks  the  pegs, 
which  have  loosened  in  consequence  of  the  absorption  of  the  surrounding 
bone,  and  also  partly  of  the  pegs  themselves,  should  be  taken  out.  It  is  not 
necessary  or  even  desirable  to  attempt  to  pin  together  the  ends  of  the  broken 
bone,  but  merely  to  introduce  the  pegs  into  the  extremities  of  both  fragments 
near  to  the  seat  of  fracture.  It  is  especially  in  ununited  fractures  of  the 
humerus  that  this  can  be  successfully  done,  the  in-itation  of  the  pegs  appearing 
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to  occasion  the  development  of  a  large  quantity  of  callus  sufficient  for  the 
consolidation  of  the  fracture.  I  have  practised  the  operation  with  great 
success  in  several  instances  of  ununited  fracture  of  this  bone.  In  one  case 
under  my  care,  there  was  a  false  joint  at  the  junction  of  the  upper  and  middle 
thirds  of  the  bone,  complicated  with  an  elbow  ankylosed  in  the  straight 
position ;  here,  after  flexion  of  the  stiff  elbow,  perfect  consolidation  of  the 
humerus  was  effected  by  the  use  of  five  pins.  In  ununited  fractures  of  the 
bones  of  the  leg  and  forearm,  it  is  also  likely  to  be  serviceable,  but  in  the 
femur  not  so  much  so.  Indeed,  in  the  cases  of  ununited  fracture  of  this  bone, 
I  have  known  more  failures  than  successes  after  this  operation. 

2.  The  operation  of  liemovimj  the  False  Joint  is  the  last  expedient  when 
simpler  means  have  failed.  This  operation  was  formerly  extremely  dangerous, 
and  cannot  now  be  regarded  as  anything  but  serious,  especially  where  the  femur 
is  the  bone  to  be  operated  on.  By  the  proper  use  of  antiseptics,  howe^■er,  and 
good  drainage  and  rest  after  the  operation,  it  may  be  robbed  of  most  of  its 
dangers.  Norris  collected  thirty-nine  cases,  in  which  the  ends  of  the  bones 
were  either  resected  or  scraped  ;  twenty-four  were  cured,  seven  derived  no 
benefit,  and  six  died.  Erysipelas,  phlebitis,  and  diffuse  suppuration  were  the 
chief  complications,  all  of  which  Ave  can  hope  to  prevent  at  the  present  time 
by  the  means  above  mentioned.  The  operation  is  thus  performed  :  the  false 
joint  is  freely  exposed  by  an  incision,  so  placed  as  to  do  the  least  possible 
injury  to  the  surrounding  soft  parts.  The  periosteum  is  then  carefully  raised 
by  means  of  a  periosteal  elevator  from  the  part  it  is  intended  to  remove.  To 
facilitate  the  perfect  exposure  of  the  ends  of  the  fragments,  the  fibrous  tissue, 
forming  the  flilse  joint,  may  be  cut  through  if  necessary.  The  end  of  one  of 
the  fragments  being  thoroughly  cleaned,  it  must  be  sawn  off  obliquely,  or,  if 
more  convenient,  a  chisel  and  mallet  may  be  used  to  cut  it  through.  As  a 
rule,  a  smooth  and  more  regular  surface  is  obtained  by  using  the  saw.  The 
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opposite  fragment  is  then  treated  in  the  same  way.  The  two  bevelled  ends 
are  then  brought  into  contact  and  Avired  together.  To  do  this,  a  hole  must 
be  di-illed  obliquely  from  the  surface  of  each  into  the  medullary  canal.  A 
strong  piece  of  thick,  tolerably  soft,  silver  wire  must  be  passed  through  the 
holes,  and  the  fragments  drawn  into  accurate  apposition.  Sir  W.  Fergussou 
speaks  highly  of  wiring  together  the  ends  of  the  bones.  At  the  end  of  six 
weeks  to  three  months  the  wires  may  be  cut  down  upon  and  removed. 
Should  they  produce  no  irritation  they  may  be  left.  Bickersteth,  instead  of 
using  wires,  splices  togetlier  the  freshened  ends  of  the  bone  with  iron  pegs. 

In  all  cases  some  shortening  of  the  lunb  must  necessarily  result,  but  if  solid 
union  can  be  obtained,  this  is  of  but  little  consequence.  In  operating  on  the 
fore-arm  or  leg,  if  both  bones  are  affected,  care  must  be  taken  to  remove  an 
equal  quantity  from  each.  If  the  fracture  be  very  oljlique,  the  section  of  the 
bone  must  be  in  the  same  line,  so  as  to  cause  as  little  shortening  as  possible. 

Professor  Nussbaum,  of  Munich,  has  successfully  transplanted  bone  in  a 
case  where  a  portion  of  the  ulna  was  lost  as  the  result  of  a  gunshot-injury. 

Operations  for  ununited  fracture  rarely  succeed  when  the  disunion  is  owing 
to  other  than  local  causes.  They  may  succeed  in  old  people.  I  have  united  a 
femur  disunited  for  twelve  months  in  a  man  between  sixty  and  seventy,  by 
Dieffenbach's  method.  The  more  thickly  the  bone  is  covered  by  the  soft 
parts,  the  more  likely  will  an  operation  be  successful.  Hence,  the  humerus 
and  femur  are  more  favourable  for  operation  than  the  tibia. 

On  reviewing  the  various  methods  that  have  been  recommended  for  re- 
establishment  of  union  between  the  separated  fragments,  it  would  appear  that 
if  the  period  of  normal  union  has  been  exceeded  by  but  a  few  weeks,  rubbing 
the  ends  of  the  bones  forcibly  together,  or  percussion,  ma}^  be  tried,  followed  by 
the  application  of  a  plaster-of-Paris-bandage.  Should  tbis  have  no  effect, 
further  efforts  may  be  made  to  excite  a  sufficient  degree  of  inflammation  by 
subcutaneous  section  and  scraping  of  the  ends  of  the  fragments.  Should  this 
fail  it  is  not  advisable  to  pass  a  seton,  as  it  is  quite  as  dangerous  a  proceed- 
ing as  one  of  the  larger  operations,  and  not  so  certain.  The  seat  of  fracture 
should  therefore  he  cut  down  upon,  and  if  it  be  found  that  there  is  firm  fibrous 
union,  the  insertion  of  Dieffenbach's  pegs  might  be  sufficient,  as  if  the  proper 
amount  of  inflammation  be  set  up,  the  intervening  fibrous  tissue  becomes  con- 
verted into  bone ;  but  if  there  is  a  distinct  false  joint,  it  had  better  be  removed, 
and  the  bevelled  ends  tied  together  with  wire.  In  such  cases  shortening  to 
an  extent  corresponding  to  the  overlapping  of  the  obliquely  cut  ends  must 
necessarily  be  left.  If  union  should  fail  to  be  accomplished,  much  may  be 
done  to  reheve  the  patient  by  properly  dcA  ised  apparatus,  but  if  the  false  joint 
be  situated  in  the  femur  or  the  tibia,  the  limb  may  be  so  useless  and  cumber- 
some to  the  patient,  that  amputation  may  be  required  as  a  last  resource. 
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CHAPTER  XXI. 


SPECIAL  FRACTURES. 

Ix  considering  the  nature  and  treatment  of  fractures  of  particular  bones,  we 
shall  at  present  confine  our  remarks  to  Fractures  of  the  Bones  of  the  Face, 
Trunk,  and  Extremities.  Injuries  of  the  Bones  of  the  Head  and  Spine  derive 
their  principal  interest  and  importance  from  their  complication  ^vitll  lesion  of 
the..' contained  organs  ;  hence  the  consideration  of  these  will  be  deferred  to 
sjjecial  Chapters. 

FEAC TUBES    OF    THE   BONES    OF    THE  FACE. 

Nasal  Bones. — These,  being  thin  as  well  as  exposed,  are  not  uufrequently 
broken  (Fig.  186).  When  fractured,  they  may  remain  undisplaced,  but  they 
are  more  commonly  depressed ;  the  ridge  of  the  nose  being  beaten  in.  The 
swelling  and  ecchymosis  that  usually  attend  their  fracture  often  render  de- 
tection difficult,  and  must  be  reduced  before  any  ti-eatment  can  be  adopted  for 


Vv'.  180. — Fracture  of  Kiisal  Bones. 


Fig.  187.— Spring-Clip  for  straightening  tlie  Nose. 


the  removal  of  the  deformity.  The  depressed  bone  should  be  raised  with  the 
narrow  end  of  a  director,  or  by  the  introduction  into  the  nostril  of  a  pair  of 
polypus-forceps,  which,  expanding  on  being  opened,  push  the  bone  into  proper 
position.  To  do  this  thoroughly  it  is  often  necessary  to  administer  an  anaes- 
thetic. A  flaccid  vulcanized  India-rubber  dilator,  of  proper  size  and  shape, 
introduced  empty,  and  then  expanded  water,  will  be  found  to  answer  ad- 
mirably in  restoring  the  shape,  and  removing  the  disfigurement  of  a  "  broken 
nose,"  even  though  some  weeks  have  elapsed  since  the  injury.  Union  of  the 
bone  takes  place  very  rapidly.  It  is  often  moderately  firm  at  the  end  of  a  week 
and  solid  in  two  weeks. 

The  nose  without  being  exactly  broken  is  often  twisted  to  one  side,  more 
particularly  if  the  organ  be  naturally  long  and  pointed.  This  deformity  alters 
completely  the  expression  of  the  face,  often  producing  a  somewhat  ludicrous 
appearance.  When  recent,  and  more  especially  when  the  patient  is  young, 
it  may  be  remedied  by  the  use  of  a  spring-clip  (Fig.  187),  which  presses  the 
distorted  end  of  the  nose  back  to  the  straight  line. 
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If  the  septum  alone  be  broken,  the  same  treatment  must  be  adopted  ;  the 
nose  beiiiii-  sui)])orted  and  moulded  into  shape.  As  a  rule,  after  it  has  been 
replaced,  the  jjosition  is  maintained  :  but  in  some  cases,  where  there  is  a 
tendency  to  sinking  of  the  soft  parts  of  the  nose,  the  introduction  of  a  plug 
of  oiled  lint  round  a  quill,  left  open  for  breathing,  will  be  required  to  replace 
and  retain  the  organ  in  proper  shape  and  prominence.  The  haemorrhage,  which 
is  usually  rather  abundant  in  the  hrst  instance,  may  be  stopped  by  the  applica- 
tion of  ice  ;  but  occasionally  the  nostrils  require  plugging,  in  order  to  lorevent 
it  from  continuing  to  a  dangerous  extent.  If  the  lachrymal  bone  be  l)roken 
together  with  the  nasal,  the  ductus  ad  nasum  may  be  obstructed,  and  the 
course  of  the  tears  diverted.  In  an  injury  of  this  kind,  I  have  seen  exten- 
sive emphysema  of  the  eyelids  and  forehead  occur  on  the  ijatient  attemj^ting 
to  blow  his  nose.  In  some  cases,  the  injury  inflicted  on  the  nasal  bones 
extends  through  tlie  ethmoid  to  the  base  of  the  brain,  and  may  thus  occa- 
sion death.  This  I  have  seen  happen  from  a  severe  blow  on  the  face  with  a 
piece  of  wood. 

Malar  and  Upper  Jaw-Bones. — These  are  seldom  broken  unless  great 
and  direct  violence  ha^■c  been  employed  ;  and  their  fracture  is  usually  accom- 
panied by  external  wound,  as  in  gun-shot  injuries  of  these  parts.  More 
commonly  the  alveolar  processes  are  detached,  and  the  teeth  loosened.  The 
treatment  then  consists  in  binding  the  teeth  together  with  gold  wire.  In 
fractures  of  the  zygoma,  the  fi'agments  may  be  driven  into  the  temporal 
muscle,  and  produce  so  much  difficulty  in  mastication  as  to  require  removal. 

In  some  rare  cases,  all  the  bones  of  the  face  appear  to  have  been  smashed, 
and  separated  from  the  skull  by  the  infliction  of  great  violence.  Thus,  South 
relates  the  case  of  a  man  who  was  struck  on  the  face  by  the  handle  of  a  crane, 
and  in  whom  all  the  bones  were  separated  and  loosened,  "  feeling  like  beans  in 
a  bag."  Vidal  records  the  case  of  a  man,  who,  by  a  fall  fi'om  a  great  height, 
separated  all  his  facial  bones.  A  patient  was  admitted  into  University  College 
Hospital  under  my  care,  who  had  fallen  thirty  feet  over  the  balusters  of  a 
spiral  staircase.  He  had  in  some  way  struck  his  face,  either  on  reaching  the 
ground  or  in  the  fall.  He  lived  only  about  two  hours  after  admission.  On 
making  a  post  mortem  examination,  the  following  injuries  were  found.  The 
lower  jaw  was  fractured  through  the  ramus  on  the  left  side,  and  through  the 
Ijody  between  the  molar  teeth  on  the  right  side.  In  the  upper  jaw  a  trans- 
verse fracture  ran  completely  across  from  one  side  of  the  face  to  the  other,  at 
about  the  level  of  the  inferior  border  of  the  anterior  nares.  It  passed  through 
both  suiDerior  maxillary  bones,  the  vertical  part  of  the  palate  bones,  both 
pterygoid  processes  of  the  sphenoid  bone  on  both  sides,  and  the  vomer  ;  so  that 
the  whole  of  the  alveolar  portions  of  the  superior  maxilla  and  the  palate  formed 
one  piece.  This  was  displaced  backwards  into  the  pharynx.  The  zygoma  was 
fractured  on  both  sides ;  and  a  vertical  fracture  ran  on  each  side  from  the 
margin  of  the  orbit  through  the  walls  of  the  antrum  ;  so  that  on  each  side 
there  was  one  huge  fragment  composed  of  part  of  the  zygoma,  the  malar  bone, 
and  the  part  of  the  superior  maxillary  bone  with  which  it  is  articulated.  The 
nasal  bones,  the  nasal  processes  of  the  superior  maxillary  bones,  the  os  uno-uis 
on  each  side,  and  the  ethmoid,  were  smashed  into  numerous  small  fragments. 
There  was  no  fracture  visible  ft-om  the  interior  of  the  skull ;  and  no  other 
injuries  of  importance  were  found. 

In  another  case  the  patient  falling  out  of  a  third-storey-wiudow  struck  the 
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fiicc  ao-ainst  the  out-railings.  The  superior  niaxilk\3  were  broken  across  trans- 
versely abo\-e  the  line  of  the  teeth.  So  that  these  and  the  hard  palate  could 
be  gently  turned  backwards  and  forwards.  This  patient  died  from  a  splinter 
of  the  sphenoid  bone  having  penetrated  the  dura  mater. 

But  I  have  known  several  cases  of  transverse  fracture  of  one  superior 
maxillary  bone  do  well.  In  such  cases  the  aid  of  the  dentist  is  required  to 
tie  together  the  teeth,  or  to  fix  the  displaced  fragments  by  means  of  suitable 
vulcanite  moulds.  The  question  of  feeding  the  patient  is  usually  one  of  diffi- 
culty, and  the  food  often  requires  to  be  introduced  by  means  of  the  stomach- 
bottle. 

In  Gtin-shot-Injuries  of  the  Pace,  there  is  usually  great  sphnteringof  the 
bone.  As,  however,  the  vitality  of  the  part  is  great,  necrosis  is  not  so  likely 
to  ensue  here  as  elsewhere  ;  and  the  partially  detached  and  loosened  fragments 
may  accordingly  be  put  back  into  position,  and  will  usually  become  fixed. 
There  are,  however,  two  principal  dangers  in  these  cases  ;  viz.,  hosmorrhage, 
either  primary  or  secondary,  and  abundant  fetid  muco-puriform  discharge.  The 
ha)morrhage,when  primary,  usually  ceases  spontaneously,  or  on  the  application  of 
cold.  If  secondary,  it  may  be  arrested  by  cold,  by  plugging,  and  by  pressure  ; 
or,  if  continuous,  and  from  deep  sources,  it  may  possibly  require  ligature  of  the 
carotid.  The  fetid  secretion  from  these  wounds  is  not  only  a  source  of  great 
discomfort  to  the  patient,  but  of  positive  danger,  as,  by  finding  its  way  into 
the  stomach  it  may  seriously  disturb  the  patient's  health ;  and,  drainage 
being  difficult,  he  may  also  sutt'er  fi'om  absorption  of  the  septic  matter  from 
the  raw  surface.  This  risk  is  best  obviated  by  repeated  injections  of  warm 
antiseptic  solutions,  of  which  the  solution  of  permanganate  of  potash  or  boracic 
acid  is  the  best.  Whenever  it  is  possible  to  reach  the  raw  surface  in  any  way, 
it  must,  after  it  has  been  well  washed,  be  dusted  over  with  iodoform.  This 
exerts  a  far  more  powerful  and  lasting  antiseptic  influence  than  any  lotion. 

Lower  Jaw. — This  bone  is  frequently  broken,  owing  to  its  prominent  situa- 
tion ;  though  its  arched  shape  and  great  strength  enable  it  to  resist  all  but 
extreme  degrees  of  violence. 

All  fractures  of  this  bone  which  implicate  the  alveolar  border  are  necessarily 
compound,  the  laceration  of  the  gum  causing  them  to  communicate  with  the 
external  air.  In  other  cases  an  external  wound,  as  in  gun-shot  fi'actures,  may 
communicate  with  the  fracture.    Not  unfrequently  they  are  comminuted.  • 

Fracture  of  the  lower  jaw  may  occur  in  various  situations.  I  have  seen  it 
most  frequently  in  the  "body  of  the  bone  near  the  symphysis,  extending 
between  the  lateral  incisor  and  the  canine  teeth.  The  symphysis  itself  is  not 
so  commonly  fractured,  the  bone  being  thick  in  this  situation.  The  angle  is 
more  frequently  broken.  The  coronoid  process  can  sufler  fracture  only 
from  the  most  severe  and  direct  external  injury,  as  from  a  bullet-wound.  The 
neck  of  the  condyle  is  occasionally  broken  across. 

Fractures  near  the  symphysis  arc  usually  vertical.  Those  near  the  angle  are 
commonly  oblique  from  before  backwards,  so  that  a  long  spiculum  of  the  outer 
table  is  connected  with  the  upper  fragment. 

These  fi-actures  are  sometimes  double:  either  symmetrically  so,  or,  more 
frequently,  one  on  the  side  near  the  symphysis,  and  the  other  near  the  angle. 

The  Signs  of  fracture  of  the  lower  jaw  are  very  ob^■ious.  The  great 
moljility  of  the  fragments,  the  crepitus,  the  irregularity  of  the  line  of  teeth 
and  of  the  arch  of  the  jaw,  laceration  of  and  bleeding  from  the  gums,  and 
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dribblino-  of  saliva,  indicate  unequivocally  the  nature  of  the  injury.  Ihe 
displacement  and  mobility  of  the  fracture  are  greater,  the  nearer  it  is  to  the. 
symphysis.  If  the  bone  ha]ipen  to  be  broken  on  both  sides  of  this  line,  the 
middle  fragment  is  much  dragged  out  of  place  by  the  depressor  muscles 
attached  to  it  ;  indeed,  in  all  double  fractures  the  displacement  is  very  great. 
In  fracture  about  the  angle  and  lower  part  of  the  ramus,  the  deformity  is  not 
so  great,  owing  to  the  muscles  that  coat  and  protect  each  side  of  the  bone  in 
this  situation  preventing  the  fragments  from  being  displaced.  hen  the 
neck  of  the  condyle  is  broken  through,  that  process  is  often  much  displaced 
by  the  action  of  the  external  pterygoid. 

When  the  fracture  is  near  the  symphysis,  the  dental  canal  escapes ;  but 
when  it  is  further  back  in  the  body  of  the  bone,  and  es])ecially  near  the 

angle,  the  canal  must  necessarily  be  impli- 
cated. It  is  remarkable,  however,  that  the 
inferior  dental  nerve  usually  escapes  injury 
or  division  in  many  cases  altogether,  in 
others  for  several  days,  until,  perhaps,  owing 
to  great  displacement  or  to  some  effort  in 
reduction,  it  may  be  torn  across.  When  this 
happens,  the  soft  parts  of  the  lower  lip, 
supplied  by  the  mental  branch  of  the  in- 
ferior dental,  are  necessarily  for  a  time  de- 
prived of  sensation,  but  they  soon  recover. 
T  have  never  known  any  permanent  m.ischief  from  this  cause,  nor  from  the 
hemorrhage  following  laceration  of  the  inferior  dental  artery. 

The  Treatment  is  simple  enough  in  principle,  though  often  not  very  easy  of 
accomplishment.    It  consists  in  maintaining  the  parts  in  apposition  by  suitable 


ISy.— Fracture  (if  Lower  Jaw. 


Fig.  ISO.— Gutta-rcrclia-Siiliiit :  Original  Sluipe.  Fig.  Ii10.— Gutta-Purclia-Splint, 

nn)ul(led  t(j  Shape  of  Jaw. 


apparatus  for  four  or  hvc  weeks,  dm-ing  which  time  mastication  must  be  inter- 
dicted— the  patient  living  on  sops,  soups,  and  fluid  nourishment  of  all  kinds — 
and  talking  prohibited.  The  apparatus  that  commonly  suffices  consists  of  a 
gutta-percha  splint  (Fig.  189),  moulded  to  the  part  (Fig.  190),  lined  with 
lint,  and  fixed  on  with  a  four-tailed  bandage  ;  the  two  fore-ends  of  which 
are  tied  behind  the. neck,  whilst  the  other  two  are  knotted  over  the  top  of  the 
head  (Fig.  191).  When  the  ramus  is  broken,  the  side  of  the  gutta-percha 
sphnt  should  be  made  proportionately  long.  The  teeth  in  these  cases  require 
special  attention.  Any  that  are  loosened  must  be  left  in,  as  they  will  soon 
contract  adhesions,  and  fix  themselves  firmly  ;  and,  if  necessary,  they  may  be 
tied  to  the  sound  teeth  with  silver  wire,  or  dentist's  silk.  Care  must  he 
taken  that  any  tooth  that  may  have  been  forced  out  of  its  alveolus  and 
dropped  between  the  fragments  be  removed  fi'om  this  situation ;  in  one  case 
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wlu'vo  a  tooth  was  overlooked  in  this  ]iosition,  no  union  of  the  fracture  took 
•place  till  it  had  been  removed.  When  depression,  especi;illy  near  the 
symphysis,  is  considerable,  a  clamp  apparatus  which  hxes  the  chin  and  line 
of  teeth,  iu\-ented  by  Lonsdale,  answers  the  purpose  of  steadying  the  frag- 


ments extremely  well.  "When  the  fi-acture  is  double,  one  fissure  occun-ing 
near  the  symphysis,  the  other  near  the  angle,  there  is  often  A  cry  considerable 
difficulty  in  bringing  the  fragments  into  anything  like  good  position,  without 
the  aid  of  some  special  ap- 
paratus. In  such  cases  a  cast 
should  be  taken  of  the  teeth  in 
gutta-percha,  while  the  fi-ag- 
ments  are  held  in  accurate 
position,  and  from  this  a  metal 
plate  should  be  modelled,  fitted 
to  the  teeth,  and  attached  to 
Lonsdale's  clamp  or  to  a  stem, 
and  fixed  to  a  horse  -  shoe- 
shaped  splint  placed  under  the 
jaw,  so  as  to  keep  the  whole 
steady  and  solid.  Union  gene- 
rally takes  place  readily  and 
very  perfectly  in  fractures  of 
the  jaw,  though  it  is  some- 
what slow  at  first,  and  the 
fragments  continue  mobile  for 

some  weeks.  But  the  vascular  supply  of  the  bone  is  abundant,  and  re- 
parative action  correspondingly  perfect. 

The  cure  is  often  delayed  by  the  separation  of  necrosed  fragments.  If 
there  should  be  any  offensive  discharge  the  patient  must  wash  out  his  mouth 
with  Condy's  fluid  and  water,  after  which  iodolbim  must  be  sprinkled  on  the 
wound. 

In  all  compound  fractures  of  the  lower  jaw^  H.  0.  Thomas  strongly  advo- 
cates drilling  the  bone  on  each  side  of  the  fracture,  and  fixing  the  fragments 


Kiy;.  1!»4.— Thonins'.s  second  mode 
of  uniting  Fracture  of  the  Lower 
Jaw  by  twisted  and  coiled  wire. 


Fig.  1P5.— Form  of 
tlie  coil  of  wire. 
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by  means  of  thick  pliant  silver  wire.  He  finds  that  the  ordinary  cross-twisfc 
does  not  hold  ;  he  therefore  coils  the  wire  at  each  side  (Figs.  194).  In 
order  to  facilitate  this  operation,  he  has  devised  a  set  of  instruments,  compris- 
ing a  tubular  needle  to  return  the  wire,  and  a  key  for  coiling  it  (Fig.  193). 

In  Fractures  of  the  Body  of  the  Lower  Jaw  by  Gun-shot  Injury, 
there  is  great  conuninution  and  splintering  of  the  bone,  followed  by  copious 
and  fetid  discharge,  which,  being  in  part  swallowed,  may  reduce  the  patient 
to  a  state  of  extreme  debility,  or  may  even  prove  fatal.  The  fi-ee  use  of  disin- 
fectants, and  especially  of  iodoform,  will  however  do  much  to  counteract  this. 
In  extreme  eases,  Dupuytren  recommends  the  lower  lip  to  be  cut  through,  the 
splinters  taken  away,  and,  if  necessary,  a  portion  of  the  bone  resected,-  so  as  to 
convert  the  Avound  into  one  similar  to  that  which  results  after  the  partial 
removal  of  the  lower  jaw  for  disease  of  the  bone. 

Fkacture  of  the  Hyoid  Bone  is  of  very  rare  occurrence  ;  and,  though 
usually  the  result  of  direct  violence,  as  a  forcible  grasp,  has  been  seen  by 
Ollivier  D'Angers  to  occur  fi'om  muscular  action.  The  signs  are  always  very 
obvious.  The  fragments  form  a  sharp  salient  angle  :  there  are  much  pain  and 
irritation,  increased  by  speaking  and  deglutition.  There  is  usually  salivation  ; 
and  considerable  difficulty  in  breathing  may  be  present.  Redaction  is  accom- 
plished by  pressing  the  fragments  into  position,  either  externally  or  by 
passing  the  finger  into  the  mouth.  Should  one  piece  of  the  bone  be  driven 
much  in,  it  might  possibly  require  to  be  drawn  forwards  with  a  tenaculum. 
The  neck  should  then  be  fixed  with  a  stiff  pasteboard  collar  to  prevent 
displacement. 

FRACTURES    OF    THE    BONES    OF    THE  CHEST. 

Fracture  of  the  Eibs  and  Costal  Cartilages. — These  injuries  may 
occur  in  two  ways  :  1st,  from  direct  violence,  the  part  that  is  struck  being 
driven  in  towards  the  thoracic  cavity,  and  thus  broken  ;  2nd,  the  fracture 
occurs  from  indirect  violence,  the  forepart  of  the  chest  being  forcibly  com- 
pressed, so  that  the  rib  is  bent  outwards,  and  snaps.  When  the  injury  is  the 
result  of  direct  violence,  and  the  broken  fragments  are  forced  in,  the  pleura, 
lung,  liver,  or  diaphragm,  may  be  wounded,  thus  giving  rise  to  the  most  serious 
and  fatal  consequences,  such  as  liEemorrhage,  emphysema,  and  inflammation 
of  the  parts  injured.  When  it  is  occasioned  by  indirect  violence,  as  the  frac- 
ture takes  place  in  a  direction  outwards,  the  thoracic  organs  may  be  contused, 
and  thus  injured,  but  they  are  not  liable  to  be  punctured  by  the  fragments. 
In  some  rare  cases,  the  ribs  have  been  known  to  be  broken  by  the  violent  con- 
traction of  the  abdominal  muscles  during  parturient  efforts. 

Fractures  of  the  ribs  maybe  sinyle ;  multiple  vfheii  several,  or  even  the 
whole  of  the  ribs  on  one  side,  or  several  on  both  sides,  are  fractured  ;  simple, 
as  in  ordinary  violence  ;  and  compound,  as  in  gunshot  injuries  ;  or  when  the 
broken  ends  are  driven  into  the  lung. 

Any  one  of  the  ribs  may  lie  broken,  and  frequently  several  are  fractured  at 
the  same  time.  The  middle  ribs,  from  the  fourth  to  the  eighth,  are  those  that 
most  frequently  give  way,  being  most  exposed,  and  at  the  same  time  fixed. 
The  first  and  second  ribs  are  seldom  broken,  being  protected  by  the  clavicle  and 
shoulder.  When  they  are  fractured  it  is  usually  the  result  of  gunshot-violence, 
or,  if  from  some  of  the  ordinary  accidents  of  civil  life,  the  clavicle  will  be  broken 
as  well.    But  this  is  not  an  invariable  complication.    I  have  seen  fractui-es  of 
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the  first  two  ribs  from  a  fall,  without  any  injury  to  neiti'libouri ng  bones.  This 
fracture  is  always  very  dangerous,  on  account  of  the  liability  to  injury  of 
important  subjacent  structures.  Tiie  lower  ribs,  being  less  firmly  fixed  than 
the  others,  commonly  escape,  unless  very  great  and  direct  violence  be  inflicted 
upon  them.  Any  part  of  a  rib  may  be  broken  by  direct  violence  ;  but  when 
the  fracture  is  the  result  of  compression  of  the  chest,  it  is  usually  the  point  of 
greatest  convexity  or  the  neighbourhood  of  the  angle  of  the  rib  that  gives  way. 
These  indirect  fractures  commonly  occur  in  elderly  people,  in  whom  the  elas- 
ticity of  the  thoracic  parietes  has  lessened  as  the  result  of  age,  and  they  are 
pecuharly  liable  to  occur  in  some  cases  of  general  paralysis  of  the  insane,  in 
which  the  bones  are  weakened  by  atrophy. 

Sjrmptoms. — The  chief  symptom  is  a  sharp  pricking  and  catching  pain  at 
the  seat  of  injury,  increased  by  breathing  deeply,  or  by  coughing.    In  order 
to  avoid  this,  the  inspirations  are  shallow,  and  the  breathing  is  principally 
diaphragmatic  and  abdominal.    On  placing  one  hand  on  the  sternum,  and 
the  other  on  the  spine,  and  pressing  gently,  the  patient  will  complain  of  pain 
at  the  seat  of  fracture.    This  is  often  a  valuable  means  of  diagnosis.  On 
laying  the  hand  over  the  seat  of  injury,  and  desiring  the  patient  to  cough, 
crepitus  may  often  be  felt  ;  and  in  most  cases  this  is  audible  on  applying  the 
ear  to  the  chest.    The  diagnosis  of  the  fracture  is  necessarily  more  easily 
made  where  the  ribs  are  thinly  covered,  than  where  they  lie  under  the  muscles 
of  the  back.    Occasionally  the  outline  of  the  rib  will  be  found  to  be  irregular; 
and  in  some  instances,  where  several  ribs  are  broken,  the  whole  side  of  the 
chest  is  flattened  and  depressed.    Besides  these  local  symptoms,  special  com- 
plications resulting  from  laceration  of  the  pleura  and  lung,  such  as  hfemop- 
tysis,  pneumothorax,  or  emphysema,  may  occur.    These  complications,  which 
will  be  fully  described  in  the  Chapter  on  Injuries  of  the  Chest,  are  much  less 
frequent  than  might  a  jn-iori  be  supposed,  owing  to  the  fracturing  force  being 
usually  indirect,  causing  the  rib  to  bend  outwards,  and  thus  to  break  away 
from,  instead  of  into,  the  chest.    Fer  se  a  fractured  rib  is  in  no  way 
dangerous.    It  is  only  when  the  fractured  ends  are  driven  inwards,  so  as  to 
wound  the  deep  parts,  that  danger  arises.    Hence  the  prognosis  Avill  mainly 
depend  on  the  mode  of  occurrence  of  the  fracture.    If  this  be  the  result  of 
a  direct  blow  on  the  chest,  as  the  kick  of  a  horse,  the  fractured  ends  will  be 
driven  inwards,  and  so  may  do  much  mischief.    The  danger  of  fractured  ribs, 
indeed,  depends  wholly  on  the  thoracic  complications,  and  these  will  be 
occasioned  chiefly  by  one  of  two  conditions :  either  by  the  forcible  driving  in 
of  the  fractured  end  of  one  rib,  so  that  the  ])leura  and  lung  become  wounded 
by  the  sharp  and  ragged  fragment ;  or  else  by  a  large  number  of  ribs  l)eing 
broken  by  a  severe  squeeze  of  the  chest,  and  the  thoracic  organs  injured  by 
the  general  compression.    It  is  surprising,  however,  what  an  extent  of  injury 
of  this  kind  may  take  place  without  serious  consequences.    I  have  had  under 
my  care  a  young  man,  who,  in  consequence  of  a  crush  of  the  chest,  in  a  railway 
accident,  had  the  upper  seven  ribs  broken  on  the  right  side,  and  the  lower  five 
on  the  left,  the  chest,  especially  on  the  right  side,  being  greatly  flattened ;  he 
recovered  without  a  bad  symptom.    In  gunshot-injuries  of  the  chest,  with 
splintering  of  the  ribs,  there  is  always  wound  of  the  contained  organs,  which 
becomes  the  main  source  of  danger  to  the  patient  and  of  attention  on  the  part 
of  the  Surgeon. 

Treatment. — In  treating  fractured  ribs,  the  Surgeon  need  not  concern 
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himself  so  much  about  the  union  of  the  fracture,  as  about  the  prevention  of 
pain  to  the  patient  in  In-eathini?,  and  of  the  subsequent  occurrence  of  serious 
inflammation  or  other  mischief  Avithin  the  chest. 

Any  displacement  that  may  exist  usually  remedies  itself.    The  chest-wall, 
oreu  Avhen  extensively  flattened,  ,2:radually  expands  under  the  influence  of  the 
respiratory  movements.    If,  however,  a  portion  of  the  rib  continue  depressed, 
it  had  most  certainly  better  be  left  so  :  the  suo^ij^estions  that  have  been  made 
for  elevating  these  fractures  by  means  of  sharp  hooks  and  screw-probes,  beiiig- 
more  likely  than  the  continuance  of  the  depression  to  occasion  serious  mischief 
to  the  contents  of  the  thorax.  In  order  to  prevent  undue  motion  of  the  broken 
bone  and  consequent  irritation  produced  by  its  puncturing  the  pleura,  or  lung, 
the  movements  of  the  injured  part  of  the  chest  may  be  restrained  by  the  appli- 
cation of  a  broad  flannel-roller,  or  of  a  laced  napkin  round  it.    Instead  of, 
or  in  addition  to  these  means,  it  will  be  found  most  useful  to  apply  a  roll  of 
adhesive  ]5laster  round  the  chest.    The  plaster  must  be  about  a  foot  in  width, 
and  should  be  sufficiently  long  to  make  one  and  a  half  turns  round  the  body. 
It  should  be  applied  very  tightly,  and  may  be  left  on  for  ten  days  or  a  fortnight, 
when  it  may  require  rc-a])plication.    It  supports  the  chest  more  firmly  and 
evenly  than  an  ordinary  bandage,  affording  the  patient  great  comfort.   If  only 
one  rib  is  fractured,  and  the  patient  is  suffering  but  little  pain,  it  will  be 
enough  to  apply  the  strapping  to  the  injured  side  only.    A  sufficient  number 
of  broad  strips,  each  long  enough  to  cover  the  injured  side  and  to  reach  about 
two  inches  beyond  the  middle  line  in  front  and  behind,  may  be  firmly  applied 
overlapping  each  other  for  about  half  their  width.    In  some  cases,  however, 
more  particularly  in  those  in  which  the  fragments  are  driven  inwards,  it  will 
be  found  that  the  constriction  of  the  chest,  by  bandage  or  plaster,  becomes 
unbearable,  producing  great  pain  and  intense  dyspnoea.    In  these  circum- 
stances, all  constriction  must  be  removed,  and  the  patient  be  allow-ed  to 
breathe  easily,  but  he  must  be  confined  to  bed.    If  the  lower  ribs  be 
broken,  the  dia]-»hragm  may  become  irritated  by  the  projection  inwards  of 
the  fractured  bone ;  and  if  the  plaster  and  bandage  be  applied  too  tightly, 
spasmodic  action  of  that  muscle  may  ensue,  occasioning  distressing  hiccup  and 
dyspnoea. 

The  average  period  of  union  of  a  fractured  rib  is  three  weeks.  There 
is  always  a  considerable  amount  of  callus  thrown  out  in  the  repair,  on  account 
of  the  constant  moA'ement  that  necessarily  takes  place  between  the  broken 
ends  in  respiration. 

In  gun-shot-injuries  of  the  chest,  with  splintering  of  the  ribs,  all 

broken  spicula  of  bone  must  be  carefully  picked  out,  and  the  wound  cleaned 
with  an  antiseptic  lotion  Avhcn  possible.  It  must  then  be  covered  by  carbolic 
gauze,  iodoform,  or  salicylic  wool,  or  some  other  efficient  antiseptic  application. 
In  such  cases,  the  grave  injuries  usually  sustained  by  the  intrathoracic  organs 
will  alisorb  the  Surgeon's  attention  ;  and  for  their  treatment  I  must  refer  to 
Chapter  XXYITI. 

It  occasionally  happens  that  fracture  of  one  or  more  of  the  Costal  Carti- 
lages, especially  the  fifth,  sixth,  seventh,  or  eighth,  is  produced  by  direct 
\'iolence.  They  may  be  separated  from  their  junction  with  the  rib,  or  broken 
across  the  middle.  The  existence  of  fracture  may  be  determined  by  the  pain 
on  pressure,  mobility,  and  irregularity  at  the  seat  of  mjury.  The  same  treat- 
ment is  required  for  this  fracture  as  for  a  broken  rib ;  the  broken  cartilao-e 
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most  commonly  uniting  by  a  ])ony  callus  which  sniToiinds  the  fractured 
ends. 

Fracture  of  the  Sterxum.— The  sternum  is  not  often  broken.  Its  frac- 
ture occurs  usually  from  very  severe  and  direct  violence  ;  and  when  this  is 
applied  on  the  forepart  of  the  chest,  the  ribs  or  costal  cartilages  are  more  liable 
to  suffer.  The  elastic  support  furnished  to  the  sternum  by  these  structures, 
explains  in  a  great  measure  the  rarity  of  its  fracture.  It  may  also  be  produced 
by  violent  bending  forward  of  the  body  after  the  spine  has  been  broken.  It 
has  been  known  to  be  broken,  though  very  rarely,  by  violent  straining  muscular 
efforts  during  parturition.  Its  fractures  are  always  transverse,  usually  single, 
but  sometimes  multiple.  I  have  seen  it  broken  into  three  nearly  equal  frag- 
ments 1)y  a  falil  from  a  scaffold.  The  displacement  of  one  of  the  fragments  is 
sometimes  considerable,  the  upper  fragment  being  almost  invariably  behind  the 
lower ;  but  even  if  there  be  but  little  deformity,  the  very  superficial  situation 
of  the  bone  will  always  enable  the  Surgeon  to  judge  of  the  exact  nature  of  the 
injury  it  has  sustained,  the  signs  of  which  resemble  those  of  a  fractured  rib. 

The  Treatment  nmst  be  conducted  on  the  same  principles  as  in  a  broken 
rib,  and  presents  nothing  deserving  of  special  attention.  Indeed,  when  fi'ac- 
ture  of  the  sternum  occui-s  from  external  violence,  it  is  commonly  associated 
with  fi'actnre  of  the  ribs,  near  the  angles  ;  and  then  the  chest-bandage  or 
plaster  answers  equally  for  both  injm-ies.  Should  the  sternum  be  broken  during 
parturition,  the  patient  should  be  made  to  sit  up  in  bed,  with  the  shoulders 
supported  and  leaning  forwards  slightly,  so  as  to  take  off  the  tension  of  the 
abdominal  muscles.  If  a  portion  of  broken  sternum  be  depressed,  it  should 
be  left  undisturbed.  It  will  probably  give  rise  to  no  serious  inconvenience, 
while  any  attempt  to  raise  it  by  surgical  Interference  might  be  attended  with 
the  greatest  danger. 

FKACTURES  OP  THE  UPPER  EXTREMITY. 

Fractures  of  the  upper  extremity  may  occur  from  direct  or  from  indirect 
violence.  When  from  direct  violence  any  portion  of  any  bone  from  the  tips 
of  the  fingers  to  the  trunk  may  be  broken.  But  indirect  violence  is  the  more 
common  cause  of  such  fractures  ;  and  the  portion  of  the  bone  broken  will 
depend  on  the  way  in  which  the  violence  is  directed.  Thus,  when  a  person 
falls  forwards  on  the  palm  outstretched  to  save  him,  the  lower  eiid  of  the  radius 
is  the  part  that  usually  gives  way  ;  or,  if  it  be  a  child,  the  lower  epii)hysi8 
of  the  humerus  may  be  detached.  If  the  elbow  strike  the  ground,  the  shaft 
of  the  humerus  at  its  junction  with  the  u]")per  epiphysis,  gives  way  ;  and  if 
the  shoulder,  the  clavicle  usually  snaps  across  at  its  greatest  convexity. 

The  Clavicle  is  more  frequently  broken  than  any  other  bone  in  the  body, 
except  the  radius.  For  this  there  are  three  reasons.  First,  it  is  exposed  to 
the  influence  of  direct  violence  ;  secondly,  it  receives  all  shocks  transmitted 
through  the  shoulder  in  a  horizontal  direction  to  the  trunk ;  and,  thirdly, 
being  the  only  direct  osseous  support  of  the  upper  extremity,  it  receives, 
by  transmission  through  the  scapula,  every  shock  that  is  communicated  to 
the  hand  when  the  arm  is  extended.  Notwithstanding  its  exposed  position, 
it  is  comparatively  seldom  broken  by  direct  injury.  The  great  majority  of 
the  fractures  occur  from  indirect  violence,  as  falls  on  the  shoulder  and  the 
hand.  This  bone  would  be  more  frequently  broken  than  it  is,  were  it  not 
that  it  resembles  two  segments  of  a  circle  looking  in  opposite  directions,  so  as 
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to  form  an  S-shape,  which  admirably  enables  it  to  withstand  indirect  violence 
(Fig.  IOC). 

The  clavicle  is  occasionally  fractured  by  muscular  action — more  particularly 
from  the  swiui?  of  the  arm,  as  in  a  back-handed  blow.  When  the  accident 
occurs  frum  this  cause,  it  is  usually  about  the  middle  of  the  bone,  and  on  the 
right  side. 

Compound  fracture  of  the  clavicle  can  occur  only  from  bullet-wounds,  or 
some  similar  severe  and  direct  injury  inflicted  upon  the  bone.  Fractures  from 
direct  violence  are  usually  transverse,  and  often  comminuted ;  from  indirect 
violence  they  are  oblif^ue.  The  latter  are  attended  by  much  more  deformity 
than  the  former. 

Fractures  of  this  bone  in  infants  and  young  children  are  usually  transverse  ; 
sometimes  the  bone  is  merely  bent,  or  is  fractured  on  one  side  only.  The  injury 
is  usually  occasioned  hj  felling  out  of  bed.  Such  accidents  are  frequently 
overlooked  by  careless  nurses ;  but  the  child's  crying  whenever  the  arm  is  moved 
directs  attention  to  the  part,  and  the  Surgeon  then  finds  some  deformity,  with 
a  node-Hke  swelling  about  the  middle  of  the  bone. 

Both  clavicles  are  occasionally,  though  rarely,  fractured.  In  one  such  case, 
which  was  under  my  care  at  University  College  Hospital,  the  patient,  a  young 
man  of  20,  had  sustained  this  injury,  and  had  twelve  ribs  broken  as  well,  in  a 
railway  accident.  Notwithstanding  this  serious  complication,  he  made  an  ex- 
cellent recovery. 

Complications. — In  simple  oblique  fracture  of  the  clavicle,  there  is  rarely 
any  complication  of  importance.  But  when  the  fracture  is  the  result  of  direct 
violence,  the  same  force  that  breaks  the  bone  may  seriously  injure  subjacent 
parts  of  importance.  The  subclavian  vein  may  be  compressed  or  wounded,  or 
the  In-achial  plexus  of  nerves  may  be  compressed  or  toi-n  ;  the  first  rib  may  be 
broken  by  the  crushing  violence,  and  the  pleura  wounded. 

The  clavicle  may  be  fractured  at  any  point  between  its  acromial  and  sternal 
ends.  1 .  Most  frequently  the  Great  Convexity  is  broken  ;  the  bone  bending 
here  when  pressed  upon  from  its  extremity,  the  curve  becoming  increased,  and 
at  last  giving  way.  This  fi-acture  may  arise  from  direct  violence,  but  usuallv 
is  the  result  of  falls  on  the  hand  or  shoulder.  2.  It  may  l>e  fractured  nearer 
the  acromion,  between  the  two  Coraco-clavicular  Ligaments.  3.  Its 
Outer  End  may  be  broken  off  externally  to  the  outermost  point  of  insertion 
of  the  trapezoid  ligament,  between  it  and  the  acromion.  These  latter  two 
fi-actures  can  scarcely  occur  from  indirect,  but  are  almost  always  the  result  of 
direct  violence.  4.  The  clavicle  may  be  broken  internally,  that  is,  to  the 
Sternal  Side  of  the  Rhomboid  Ligament,  usually  about  three-quarters  of 
an  inch  from  its  sternal  articulation.  This  injury  is  of  very  rare  occurrence. 
R.  W.  Smith,  although  admitting  its  possibility,  states  that  there  is  no  actual 
proof,  from  dissection,  of  its  having  occurred. 

The  Signs  will  depend  upon  the  seat  of  fracture.  When  the  bone  is  broken 
hefweon  iho  conoid  and  trapezoid  ligamenis,  there  is  little,  if  any,  displacement, 
but  pain  on  pressure,  some  crepitus  on  moving  the  shoulder,  and  slight  irre- 
gularity in  running  the  finger  along  the  bone,  are  usually  present.  When  the 
fracture  is  external  to  the  trapezoid  ligaments,  there  is  a  remaj-kable  dis- 
placement of  the  scapular  fragment,  the  articular  surfece  of  which  is  turned 
forwards  and  inwards,  with  a  slight  inclination  downwards,  nearly  at  rio-ht 
angles  to  the  rest  of  the  bone,  apparently  by  the  dragging  of  the  weight*^ of 
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the  shonldcr,  the  point  of  which  is  rounded  forwards  (Flo-.  107).  "When 
the  fracture  occurs  aJyout  the  middle  of  the  Une,  or  at  any  part  on  the 
sternal  side  of  the  scapular  ligaments,  there  is  a  well-marked  deformity, 
owing  to  a  triple  displacement  of  the  inner  end  of  the  outer  fragment  inwards, 
downwards,  and  slightly  backwards,  while  the  outer  end  is  rotated  forwards. 
This  displacement  is  due  to  two  causes,  one  of  which  is  mechanical  and  the 
other  muscular.  The  displacement  downwards  is  due  chiefly  to  the  weight  of 
the  arm,  but  the  contraction  of  the  deltoid  also  would  aid  in  depressing  the 
inner  end  of  the  outer  fragment.  The  displacement 
inwards  is  due  to  the  action  of  the  muscles  passing 
from  the  chest  to  the  arm  and  scapula,  the  pecto- 
ralis  major  and  minor,  and  the  latissimus  dorsi  ;  the 
rotation  forwards  and  the  pohiting  of  the  sternal  end 
of  the  outer  fragment  backwards  is  due  to  the  more  i'-"^— ciavicie. 

powerful  action  of  the  pectoral  muscles.  The  outer 
extremity  of  the  inner  fragment  appears  to  be  elevated, 
the  skin  being  drawn  tensely  over  it  ;  but  this  is 
owing  rather  to  the  depression  of  the  outer  portion  of 
the  bone  ;  it  is  usually  kept  fixed  by  the  antagonism 
between  the  stemo-cleido-mastoid  and  great  pectoral 
muscles.  It  may,  however,  in  some  cases  be  raised. 
This  is  when  the  clavicular  portion  of  the  sterno-  Fig.  wr.— Fracture  of  ciavicie, 

.-1  1-  1,  11  outside  of  Trapezoid  Liga- 

cleiao-mastoid  muscle  is  unusually  strong,  and  when  ment. 
the  fi'acture  has  taken  place  just  outside  its  insertion 

into  the  clavicle  ;  or  it  may  be  raised  and  pushed  forwards,  by  the  inner  end 
of  the  outer  fragment  getting  T)elow  or  behind  it.  On  looking  at  a  patient  with 
fracture  of  the  clavicle  in  this  situation,  the  nature  of  the  injury  is  at  once 
evident.  The  approximation  of  the  point  of  the  shoulder  towards  the 
sternum;  the  prominence  firmed  by  the  outer  end  of  the  inner  fragment, 
over  which  the  skin  is  stretched ;  the  sudden  depression  under  this,  and  the 
crepitus,  which  can  be  easily  induced  by  elevating  and  rotating  the  shoulder 
at  the  same  time  that  the  elbow  is  pressed  to  the  side,  indicate  in  the  most 
une(|uivocal  manner  the  nature  of  the  injury.  The  attitude  of  the  patient  is 
remarkable  ;  he  sits,  leaning  his  head  down  to  the  affected  side,  so  as  to  relax 
the  muscles,  and  supports  his  elbow  and  fore-arm  in  the  sound  hand,  in  order 
to  take  oflF  the  weight  of  the  limb  ;  he  is  unable  to  raise  his  arm  from  the  side, 
and  any  attempt  to  do  so  causes  severe  pain. 

When  the  fracture  occurs  near  to  the  sternal  end  of  the  bone,  it  is  usually, 
if  not  always,  transverse.  If  it  occur  internally  to  the  rhomboid  ligament,  the 
outer  fragment  is  displaced  forward,  but  remains  on  the  same  horizontal  level 
as  the  sternal  fragment.  If  the  triple  displacement  of  the  outer  frag- 
ment, characteristic  of  fractured  clavicle,  viz.,  in  a  direction  downwards, 
forwards,  and  inwards,  have  occurred,  then  R.  W.  Smith  believes  that,  how- 
ever near  the  joint  the  fracture  may  appear  to  be,  it  must  in  reality  have  oc- 
curred externally  to  the  costo-clavicular  ligament,  which  is  too  strong  to  admit 
of  this  displacement,  or  to  be  ruptured,  and  so  to  allow  it  to  be  occasioned. 

In  ordinary  simple  fracture  of  the  clavicle  the  blood  vessels  passing  under 
the  bone  are  very  rarely  if  ever  injured  or  even  compressed.  This  is  owing  to 
the  manner  in  which  the  outer  fragment  is  displaced,  its  sternal  end  being 
pushed  in  front  of  them  and  to  their  inner  side. 
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Comminuted  Fracture  of  the  Clavicle  is  the  result  of  severe  and 
direct  violence.  It  is  a  dangerous  accident,  as  the  subclavian  vein  and 
adjacent  plexus  of  nerves,  or  the  upper  part  of  the  pleura,  may  be  seriously 
injured.  In  a  case  that  was  under  my  care,  the  subclavian  vein  was 
apparently  wounded,  great  extravasation  of  blood  taking  place  about  the 
shoulder  and  neck,  and  the  circulation  through  the  veins  of  the  arm  being  so 
much  interfered  with  as  to  threaten  gangrene.  The  case,  however,  did  per- 
fectly well  under  the  continuous  application  of  evaporating  lotions  to  the 
shoulder,  and  attention  to  the  position  of  the  arm.  But  in  another  case, 
gangrene  of  the  arm  took  place,  leading  to  amputation  at  the  shoulder- 
joint.  The  patient  died  of  pyaemia,  and  a  fragment  about  one  inch  long 
separated  from  the  posterior  part  of  the  clavicle  was  found  lying  upon,  and 
compressing,  the  subclavian  vein. 

Dr.  John  Ogle  relates  a  case  of  comminuted  fracture  of  the  clavicle  from 
direct  violence,  in  Avhich  the  right  internal  jugular  vein  was  lacerated  by  one 
of  the  fragments,  there  being  great  extravasation  of  blood. 

I  have  known  only  one  instance  in  which  the  subclavian  artery  was  injured. 
It  occurred  at  University  College  Hospital.  The  left  clavicle  was  broken  by 
direct  violence,  a  cart-wheel  passing  over  the  shoulder.  An  aneurism  rapidly 
formed  in  the  subclavian  artery,  whether  by  direct  injury  or  as  the  result  of 
severe  strain  was  however  uncertain.  C.  Heath,  under  whose  care  the  patient 
was,  amputated  at  the  shoulder-joint. 

Compound  Fracture  of  the  Clavicle  can  of  course  be  produced  only  by 
direct  violence,  and  in  such  cases  any  amount  of  injury  may  be  done  to  the 
sublying  and  neighbouring  parts  by  the  same  violence  that  breaks  the  bone  or 
by  fragments  driven  in.  The  vein,  artery,  or  nerves  may  be  injured,  and  their 
liability  to  injury  v\'ill,  for  obvious  anatomical  reasons,  be  in  the  order  named. 

Treatment  of  Simple  Fracture  of  the  Clavicle. — There  are  few  fiac- 
tures  for  the  cure  of  which  so  great  a  variety  of  ingenious  and  complicated 
contrivances  has  been  devised,  as  those  of  the  clavicle,  and  there  are  few  in 
which  so  much  ingenuity  has  been  displayed  in  vain  ;  for,  however  perfect  the 
apparatus  may  appear  to  be,  it  seldom  answers  the  purpose  intended,  \\z.,  to 
cure  the  fracture  without  deformity.  I  belie-^-e  that  more  may  be  done  with  a 
little  skill  and  patience  by  simple  means,  than  by  the  most  elaborate  mechanical 
contrivances. 

When  the  fracture  occurs  at  the  tip  of  the  acromial  end  of  the  cla\icle,  a 
figure-of-8-bandage  round  the  shoulders,  and  keeping  the  arm  in  a  sling,  will 
prevent  the  tendency  to  rotation  of  the  shoulder  fonvards.  AMien  the  bone 
is  broken  between  the  coraco-clavicular  ligaments  there  is  but  little  displace- 
ment and  the  same  treatment  will  suffice. 

But  when  the  fracture  is  situated  towards  the  middle  of  the  bone,  or  indeed 
at  any  point  to  the  inside  of  these  ligaments,  the  management  is  more 
difficult,  and  numerous  methods  of  treating  it  have  been  invented.  The 
objects  aimed  at  in  all  are  to  draw  the  outer  fragment  outwards,  to  force  its 
outer  end  backwards,  and  by  supporting  the  weight  of  the  limb  to  correct  the 
displacement  downwards.  It  is  impossible  to  mention  here  more  than  the  few 
methods  of  treatment  that  seem  most  practically  useful. 

Treatment  by  the  Pad  in  the  Axilla.— In  this  method  the  three  princi- 
pal indications  are  thus  carried  out. 

1.  By  making  a  fulcrum  of  a  thick  wedge-shaped  cushion  with  its  broad  end 
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upwards  iu  the  axilla,  and  then  bring-ing  the  elbow  closely  to  the  side,  the 
humerus  is  made  to  act  as  a  lever  and  draw  the  shoulder  and  the  scapular 
fragment  outwards,  thus  correcting  the  displacement  inwards.  2.  By  pressing 
the  shoulder  well  backwards,  behind  the  lateral  median  line  of  the  body, 
the  tendency  to  rotation  forwards  is  rcmo^•ed.  3.  By  elevating  the 
shoulder,  and  taking  off  the  weight  of  the  arm  by  means  of  a  short  sling 
that  passes  well  under  the  elbow,  the  displacement  downwards  is  remedied. 
By  these  simple  means  the  triple  displacement  of  the  outer  fragment  is  cor- 
rected. But  the  great  difficulty  consists  in  keeping  the  fracture  in  a  good 
position  ;  and  when  it  is  oblique,  this  becomes  almost  impossible,  so  that  a 
cure  without  nodular  or  angular  deformity  is  very  seldom  obtained. 

I  used  formerly  to  recommend  that  the  fingers  should  be  bandaged  sepa- 
rately, the  palm  padded,  and  the  bandage  carried  up  as  high  as  the  axillary 
pad.  ]\Iore  extended  experience  leads  me  to  doubt  the  expediency  of  all  these 
directions,  and  I  now  content  myself  with  simply  bandaging  the  hand  and  fore- 
arm lightly  and  leaving  the  tips  of  the  fingers  free, 
so  that  the  conditions  of  the  circulation  through  the 
limb  can  be  watched.  Care  must  be  taken  not  to  use 
the  lever-like  movement  of  the  arm  against  the  fulcrum 
of  the  axillary  pad  too  forcibly,  lest  the  axillary  vessels 
or  plexus  of  nerves  be  compressed.  Before  applying 
the  roller,  the  elbow  must  always  be  flexed  :  otherwise 
undue  and  dangerous  constriction  of  the  ami  may 
occur.  The  pad  should  be  firm,  made  of  bed- tick 
stuffed  with  bran,  six  Inches  long,  five  broad,  and  three 
thick  at  its  upper  part  ;  the  sliug  must  support  the 
elbow,  and  the  hand  should  be  well  raised  across 
the  chest.  After  the  limb  has  been  put  up,  the  pulse 
at  the  wrist  should  be  felt,  and  the  finger-nails  ex- 
amined in  order  to  see  that  the  circulation  is  neither 
arrested  nor  impeded  by  the  pressure  of  the  pad.  _  Iii  ^"'^m^i  aLv^icL.^*'' 
the  accompaiiying  figure,  the  sling  does  not  extend 

under  the  elbow_  as  it  ought  to  ;  it  is  represented  in  this  ^vay,  in  order 
not  to  conceal  the  other  parts  of  the  apparatus  (Fig.  198).  The  elbow  must 
be  kept  to  the  side  by  a  few  turns  of  a  roller,  or  by  means  of  a  padded  belt. 

Treatment  by  the  figure-of-8-Bandage.— If  in  a  case  of  fractured 
clavicle  the  patient  be  seated  in  a  chair,  and  the  Surgeon,  standing  behind 
him,  places  his  knee  between  the  scapulaj,  and  holding  by  the  points  of  the 
shoulders  pulls  forcibly  backwards,  the  outer  fragment  will  be  seen  to  be 
drawn  outwards  at  the  same  time  that  the  rotation  forwards  is  corrected.  The 
treatment  by  the  figure-of-8-bandage  is  intended  to  maintain  this  position 
while  the  weight  of  the  arm  is  taken  off"  by  a  sling  supporting  the  elbow.  The 
sin)plest  form  of  this  apparatus,  and  one  that  will  frequently  be  found  very 
useful  as  an  immediate  application,  is  that  recommended  by  Syme,  known  as 
the  treatment  ly  the  three  handler  chiefs.  A  large  handkerchief  folded  diagonally 
till  it  is  about  one  inch  and  a  half  wide  is  placed  round  each  shoulder  so  that 
it  shall  lie  in  front  in  the  hollow  internal  to  the  coracoid  process.  The 
two  ends  are  secured  by  a  single  turn  behind  the  shoulder,  and  then  twisted 
together  so  as  to  form  a  single-  cord.  These  cords  are  then  knotted  firmly 
together  in  the  middle  line,  while  the  shoulders  are  forcibly  pulled  back- 
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wards  ;  a  folded  towel  must  be  put  along  the  spine  to  prevent  the  knot 
hnrting  the  patient.  The  third  handkercliief  is  then  put  on  as  a  slnig 
firmly  supporting  the  elbow. 

Sayre's  Treatment  by  Adhesive  Plaster.— Lewis  A.  Sayre  ot  ^ew 
York  recommends  the  following  mode  of  treatment,  which  has  been  found  to 
act  extremely  well  during  the  last  few  years  at  University  College  Hospital. 


Fig.  199.— Strap  drawing  back  Shoulder. 


Fig.  200.— Strap  raising  Shoulder. 


Two  strips  of  plaster,  spread  on  strong  calico  or  moleskin,  are  to  be  cut,  each 
about  three  and  a  half  inches  wide  or  less,  according  to  the  size  of  the  patient. 
One  of  these  is  to  be  long  enough  to  encircle  the  arm,  and  afterwards  to  pass 
one  and  a  half  times  roimd  the  body.  A  loop  in  this  is  first  passed  round 
the  arm  immediately  below  the  axillary  border.  The  non-adhesive  side  of  the 
plaster  must  be  towards  the  skin,  and  the  loop  must  be  secured  by  stitches.  It 


Fig.  201.— Ellis's  Splint.  Fig.  202.— Ellis's  Splint  applied. 


must  be  quite  loose,  so  that  there  "shall  be  no  risk  of  compressing  the  vessels. 
"When  this  has  been  made  fast  the  elbow  must  be  drawn  well  backwards,  and 
the  strip  of  plaster  is  carried  firmly  round  the  body  and  its  end  brought  up 
and  secured  as  in  the  figure.  A  few  stitches  may  be  inserted  to  render  its 
hold  more  secm-e  (Fig.  199).    The  second  strip  must  be  of  sufficient  length  to 
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pass  from  the  sound  shoulder,  obhqucly  round  the  chest  beneath  the  elbow  of 
the  injured  side,  and  to  overlap  for  some  six  or  eight  inches.  A  slit  nuist  be 
cut  in  it  for  the  olecranon.  Before  applying  this  the  elbow  must  be  drawn 
well  for  wank,  when,  the  first  strip  of  plaster  acting  as  a  fulcrum,  the  shoulder 
will  be  thrown  backwards  and  outwards.  At  the  same  time  the  elbow  must 
be  forced  upwards.  These  positions  must  be  maintained  by  the  application 
of  the  plaster  o\'er  the  forearm  and  hand,  as  in  Fig.  200. 

Ellis's  Splint,  which  is  sufficiently  explained  by  the  accompanying  figures 
(Figs.  20l,  202),  though  an  unnecessarily  cumbersome  coutrivunce  for  ordinary 
cases  of  fractured  clavicle,  is  useful  in  those  instances  in  which  great  steadiness 
of  limb  is  required  to  keep  the  fragments  in  good  position. 

In  children,  in  whom  these  ft-actures  often  occur,  there  is  frequently  a 
difficulty  in  keeping  tlie  bandages  properly  applied  ;  in  these  circumstiinces  the 
starched  apparatus  will  be  found  very  useful,  care  being  taken  to  re-apply  it 
as  often  as  it  becomes  loose,  lest  deformity  result.  Fractured  clavicles  occurring 
in  females,  to  whom  any  irregularity  of  union  in  this  situation  would  be 
very  annoying,  are  best  treated  by  keeping  the  patient  lying  flat  on  her  back 
in  bed,  with  the  arm  fixed  to  the  side,  for  the  first  two  or  three  weeks.  By 
this  plan,  which  is  as  old  as  the  days  of  Hippocrates,  I  have  seen  better  results 
produced  than  by  any  other. 

When  both  clavicles  are  broken,  the  patient  should  be  kept  in  bed,  and  the 
shoulder  fixed  and  drawn  backwards  by  means  of  a  figure-of-8-bandage.  In 
the  case  already  alluded  to  (p.  5G2),  this  could  not  be  borne,  owing  to  the 
simultaneous  fracture  of  the  ribs  ;  but  the  patient  nevertheless  made  a  good 
recovery  with  httle  deformity. 

In  Comminuted  Fracture  of  the  Clavicle,  it  must  always  be  remembered 
that  the  subclavian  vein  may  be  compressed  or  contused.  It  is,  therefore, 
of  importance  to  avoid  all  means  that  may  interfere  with  the  return  of  venous 
blood  from  the  arm.  Hence  the  bandaging  of  the  fingers,  hand,  and  fore-arm 
should  be  omitted,  and  the  axillary  pad  laid  aside.  The  limb  should  be  dra-\vn 
back,  supported  in  a  shng,  and  the  patient  kept  recumbent  until  union  has 
been  attained. 

In  comminuted  simple  fracture  of  the  clavicle  with  vertical  depression  of  the 
central  i)ortion,  Annandale  has  removed  the  displaced  piece  of  bone. 

Period  of  Union. — In  adults  a  fractured  clavicle  is  solidly  united  in  four 
weeks.    In  children  three  weeks  is  sufficient,  and  in  infants,  a  fortnight. 

Fractures  of  the  Scapula. — 1.  Fracture  of  the  Body  of  the 
Scapula  is  not  very  commonly  met  with ;  and  when  it  occurs,  being  always 
the  result  of  considerable  direct  violence,  it  is  usually  associated  with  serious 
injury  to  the  subjacent  ribs  and  trunk.  The  thick  layer  of  muscles  overlying 
this  bone  not  only  protects  it,  but  limits  displacement,  and  renders  the  detec- 
tion of  its  fracture  difficult.  The  fracture  usually  takes  place  across  the  bone, 
immediately  below  the  spine  ;  but  occasionally  it  may  be  split  longitudinally 
or  starred. 

The  Treatment  consists  in  placing  the  arm  in  a  sling,  the  application  of  a 
body-baudage,  and  support  of  the  part  with  a  pad.  But  all  Surgeons  who  have 
seen  this  accident  are  agreed  as  to  the  extreme  difficulty  of  obtaining  union 
without  considerable  deformity  ;  which,  however,  is  of  less  moment  here  than 
in  most  other  situations. 

Fractures  in  the  Vicinity  of  the  Shoulder-Joint  are  of  common 


566 


SPECIAL  FRACTURES. 


occurrence,  and  may  happen  either  in  the  bony  points  of  tlie  scapula  that 
overhang  this  articulation,  or  else  in  the  upper  end  of  the  humerus.  Not 
unfrequently  there  is  double  fracture  in  the  neighbourhood  of  this  articulation  ; 
thus  the  acromion  may  be  broken,  as  well  as  the  neck  of  the  humerus.  These 
complications,  as  well  as,  in  many  cases,  the  amount  of  contusion,  and  the 
rapid  swelling  that  takes  place,  necessarily  render  the  diagnosis  somewhat 
ditlicult. 

2.  The  Acromion,  forming  as  it  does  the  very  tip  of  the  shoulder,  is  more 
frequently  broken  than  any  other  part  of  the  scapula.  But,  in  spite  of  its 
exposed  situation,  fracture  of  this  process  through  its  base  is  not  very  common  ; 
at  least  I  have  seen  but  few  cases  of  it,  and  there  is  good  reason  to  believe  that 
many  of  the  cases  of  supposed  fracture  in  this  situation  are  in  reality  cases  of 
delayed  ossification  of  the  line  of  junction  between  the  base  and  the  epiphysis. 
Notwithstanding  this  source  of  fallacy,  there  can  be  no  doubt,  as  is  proved  by 
numerous  preparations,  that  this  fracture  does  occur. 

The  Signs  of  this  fracture  are  obvious.  When  the  acromion  is  broken  off 
near  its  root,  the  arm  hangs  as  a  dead  weight  by  the  side,  and  the  patient, 
feeling  as  if  his  arm  were  dropping  off,  supports  it  with  the  other  hand.  There 
is  flattening  of  the  shoulder,  which  is  most  marked  when  the  patient  is  looked 
at  from  behind  ;  and  the  head  of  the  humerus  can  be  felt  somewhat  lower  in 
the  axilla  than  natural.  On  running  the  finger  along  the  spine  of  the  scapula, 
a  sudden  inequality  in  the  line  of  the  bone  can  be  detected  ;  and,  on  raising 
the  elbow  and  rotating  the  arm,  crepitus  can  be  felt,  the  rounded  outline  of 
the  shoulder  being  restored. 

When  the  tip  only  of  the  acromion  is  broken  off,  the  nature  of  the  injury 
may  be  suspected  if  the  patient  be  unable  to  raise  his  arm  to  a  level  with  his 
head,  so  as  to  touch  the  crown,  owing  to  some  of  the  fibres  of  the  deltoid  ha^'ing 
lost  their  points  of  attachment  ;  and  it  may  be  determined  by  the  existence  in 
a  minor  degree  of  some  of  the  preceding  signs,  which  prevent  the  accident 
fi-om  being  confounded  with  paralysis  of  the  deltoid  from  contusion  ;  and 
especially  by  the  tip  being  felt  to  be  detached.  But  as  has  already  been 
stated,  this  may  be  a  congenital  defect,  to  which  perhaps  attention  has  been 
directed  only  when  the  shoulder  has  been  bruised  or  otherwise  injured. 

The  Treatment  consists  principally  in  raising  the  elbow,  so  as  to  take  off  the 
weight  of  the  hmb,  and  to  push  up  the  acromion  by  the  head  of  the  humerus. 
If  the  extremity  only  be  broken  off  in  front  of  the  acromio-clavicular  articula- 
tion, a  pad  may  be  placed  between  the  elbow  and  the  side,  in  order  to  direct 
the  arm  somewhat  upwards  and  inwards,  and  the  limb  must  be  fixed  in  this 
position  by  a  bandage  and  sling.  Should  the  fracture  have  taken  place  at  or 
behind  the  line  of  the  clavicular  articulation,  the  treatment  must  be  the  same 
as  that  for  fractured  clavicle. 

When  the  base  of  this  process  is  broken  across,  there  is  not  much  separation 
between  the  fragments,  and  union  usually  takes  place  by  bone.  When  the 
apex  is  detached,  fibroid  or  ligamentous  union  generally  occurs,  the  fragments 
being  widely  separated. 

3.  The  Coracoid  Process  is  but  seldom  broken,  there  not  being  more  than 
ten  or  twelve  unequivocal  cases  of  this  accident  recorded.  It  cannot  happen, 
except  by  very  direct  violence.  There  is  in  the  Museum  of  University  Colleo-e 
a  recent  preparation  showing  a  fracture  of  the  base  of  this  process,  implicat^ncr 
and  extending  through  the  glenoid  cavity,  and  complicated  with  fracture  across 
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the  base  of  the  acromion  ;  and  an  old  specimen,  from  a  subject  in  the  dissecting- 
room,  showing  a  fractnre  throngh  the  middle  of  the  process  nnited  by  afibrons 
band  three-(iuarters  of  an  inch  in  length.  The  attachment  of  such  powerful 
muscles'  as  the  pectoralis  minor,  biceps,  and  coraco-brachialis,  displaces  the 
fragment  considerably,  and  would  do  so  still  more,  were  it  not  that  it  is  kept 
in  position  by  the  ligaments  to  wiiich  it  gives  insertion,  and  whose  fibres  are 
expanded  over  it. 

The  only  Treatment  that  can  be  adopted  is  to  put  the  arm  in  a  sling  and 
fix  it  to  the  side. 

4.  Fracture  of  the  Neck  of  the  Scapula  immediately  behind  the  glenoid 
cavity  is  a  rare  injury.  Its  existence  has  been  doubted:  A.  Cooper  and  South 
have  stated  that  cases  so  described  are,  in  reality,  instances  of  fracture  of  the 
upper  end  of  the  humerus.  There  is,  according  to  South,  no  preparation  in 
any  museum  in  London  illustrating  fracture  of  the  neck  of  the  scapula.  A 
case,  however,  recorded  by  Spence  in  the  Edinhurgh  Jlcdical  Journal  for  18G3, 
puts  the  occasional  occurrence  of  the  injury  beyond  doubt.  A  man  was 
brought  into  the  Edinburgh  Infirmary,  who  had  fallen  on  his  shoulder  while 
intoxicated.  Tliere  was  falling  of  the  limb  towards  the  axilla,  with  projection 
of  the  acromion  and  flattening  of  the  deltoid  ;  and  crepitus  was  felt.  The 
contour  of  the  shoulder  was  restored  by  drawing  the  arm  from  the  side  and 
raising  the  limb.  The  man  died  some  days  afterwards  from  meningitis,  the 
result  of  an  injury  to  the  forehead  which  he  had  received  during  the  fall.  On 
examining  the  shoulder,  "  the  fractm'e  was  found  to  pass  obliquely  from  below, 
upwards  and  forwards,  commencing  about  half-an-inch  behind  the  origin  of 
the  long  head  of  the  triceps,  and  separating  the  neck  and  four-fifths  of  the 
lower  part  of  the  glenoid  cavity  from  the  scapula.  The  long  head  of  the 
biceps  and  the  whole  of  the  glenoid  ligament  had  also  been  torn  from  the 
upper  fragment  of  the  glenoid  cavity,  and  carried  along  with  the  displaced 
portion." 

In  fracture  through  the  neck  of  the  scapula,  the  coracoid  process  would 
necessarily  follow,  the  glenoid  cavity  being  detached  along  with  it.  Molality 
of  the  coracoid  would,  therefore,  be  a  valuable  sign  in  the  diagnosis  of  this 
rare  fracture. 

The  Treatment  of  such  an  injury,  if  it  were  diagnosed,  would  consist  in 
keeping  the  whole  arm  well  raised  and  fixed  to  the  chest,  with  a  pad  in  the 
axilla. 

Fractures  of  the  Humerus. — In  studying  the  fractures  of  the  humerus, 
we  must  divide  that  bone  into  three  parts, — the  Upper  Articular  End,  the 
Shaft,  and  the  Lower  Articular  End. 

1.  Fractures  of  the  Upper  Articular  End  of  the  Humerus  not  unfre- 
quently  occur,  constituting  an  important  class  of  injuries  which  have  been 
carefully  studied  by  Sir  A.  Cooper,  and  more  recently  by  11.  W.  Smith,  whose 
work  on  Fractures  deserves  the  attentive  perusal  of  every  practitioner. 

Five  kinds  of  fracture  of  the  humerus  are  met  with  in  the  immediate  A'icinity 
of  the  shoulder-joint.  Two  of  these  are  Intracapsular,  viz..  Simple  Fracture 
of  the  Anatomical  Neck,  and  Impacted  Fracture  of  this  portion  of  the  bone. 
The  remaining  three  are  Extracapsular,  viz.,  Fractures  of  the  Surgical  Neck  — 
Simple  and  Impacted  ;  and  Separation  of  the  Great  Tuberosity. 

Intracapsular  Fracture  of  the  Neck  of  the  Humerus. — When  the 
fracture  occurs  at  the  anatomical  neck,  the  head  of  the  bone  is  detached  from 


568 


SPECIAL  FRACTURES. 


the  shaft,  a  little  above  or  at  the  line  of  insertion  of  the  capsule.  This 
fracture  is  occasioned  by  se\-erc  falls  or  blows  on  the  shoulder.  It  cannot 
result  from  indirect  violence.  A  fall  on  the  hand  or  elbow  may  dislocate  the 
humerus  or  fracture  its  siiaft,  but  it  cannot  break  its  upper  articular  end. 

The  signs  of  this  injury  are  by  no  means  very  distinct,  thoun-li  much  light 
has  been  thrown  upon  them  by  the  laljours  of  ii.  W.  Smith.  There  is  loss  of 
motion  in  the  shoulder,  with  some  swelling  and  considerable  pain,  together 
with  some  deformity;  an  irregularity,  produced  by  the  upper  end  of  the  lower 
fragment,  can  be  felt  towards  the  inner  side  of  the  joint ;  crepitus  is  easily 
produced  ;  and  there  is,  on  measurement  from  the  acromion,  to  the  olecranon, 
shortening  to  the  extent  of  about  one-third  of  an  inch. 

AYhen  this  fracture  is  inqMcted,  the  upper  fragment  penetrates  the  lower  one. 
In  consequence  of  this,  the  axis  of  the  humerus  is  directed  somewhat  inwards 
towards  the  coracoid  process ;  here  also  some  irregular  osseous  swelling  may  be 
detected.  The  head  of  the  bone  can  be  felt  in  the  glenoid  cavity,  but  is  not 
in  the  axis  of  the  limb,  the  elbow  projecting  slightly  from  the  side,  there  being 
at  the  same  time  a  hollow  some  little  distance  under  the  acromion.  There  is 
consequently  more  deformity  about  the  joint  in  the  impacted  than  in  the 
simple  intracapsular  fracture,  with  the  same  impairment  of  motion,  but 
crepitus  is  wanting,  or  a  shght  grating  may  be  felt,  on  firmly  gi'asping  the<>v 
shoulder  and  rotating  the  elbow.  ' 

In  fracture  of  the  anatomical  neck  of  the  humerus,  the  jiortion  of  bone 
broken  off  may  be  completely  loose,  like  a  foreign  body  in  the  joint.  Under 
these  circumstances,  theoretically  it  might  necrose  and  give  rise  to  destruction 
of  the  articulation,  but  I  can  find  no  recorded  case  of  such  an  accident.  It  is 
probable  in  most  cases,  as  E,.  AV.  Smith  supposes,  that  its  vitahty  is  preserved 
in  consequence  of  some  partial  miion  being  kept  up  between  it  and  the  rest  of 
the  bone  by  untorn  shreds  of  capsule,  and  in  other  cases  it  may  be  due  to  im- 
paction. But  supposing  it  were  free,  there  is  no  reason  why  it  should  neces- 
sarily cause  suppuration,  any  more  than  a  loose  piece  of  cai-tilage  chipped  off 
the  femur  in  the  knee.  If  perfect  rest  were  maintained,  it  is  possible  that  the 
loose  fi-agment  might  form  new  adhesions  to  the  shaft.  In  any  case,  the  repair 
necessarily  proceeds  from  the  lower  fragment. 

Treatment. — As  there  is  often  much  swelling  from  contusion  in  these  cases, 
evaporating  lotions  should  be  had  recourse  to  for  a  few  days.  A  pad  may  then 
be  placed  in  the  axilla,  and  a  leather-  or  gutta-percha-cap  fitted  to  the  shoulder 
and  upper  arm,  the  limb  having  previously  been  bandaged.  The  hand  must 
be  supported  in  a  shng,  and  the  elbow  fixed  to  the  side.  In  examining  and 
reducing  these  intracapsular  fractures,  no  violence  should  be  employed,  lest 
any  impaction  of  the  fragments  be  disturbed,  or  portions  of  untorn  capsule, 
of  much  importance  for  the  ultimate  osseous  repair  of  the  injury,  be  broken 
through. 

Extracapsular  Fracture  of  the  Neck  of  the  Humerus. — In  this  injury, 
the  bone  is  broken  through  the  sunjical  necli,  or  that  portion  which  is  below  the 
tuberosities,  but  above  the  insertions  of  the  pectoralis  major,  latissimus  dorsi, 
teres  major,  and  deltoid  muscles.  This  accident  is  most  frequent  in  adults, 
but  it  may  occur  in  children  as  well,  the  separation  then  taking  place  through 
the  line  of  junction  between  the  epiphysis  and  the  shaft  of  the  bone.  In  this 
fracture  there  is  a  double  displacement;  the  upper  fragment  is  rotated 
outwards  by  the  infra-spinatus  and  teres  minor,  and  abducted  by  the  supra- 
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spinatns ;  whilst  the  shaft  is  drawn  inwards  by  the  pectorah's  major,  latissimus 
dorsi,  and  teres  major,  and  U])vvards  and  forwards  into  the  axilla,  and  towards 
the  coracoid  process,  by  the  biceps,  coraco-brachialis,  triceps,  and  deltoid. 

The  signs  of  this  fracture  are  sufliciently  obvious.  The  glenoid  cavity  is 
filled  by  the  head  of  the  bone,  which  can  be  felt  in  it.  Below  this  there  is  a 
depression ;  crepitus  is  easily  produced  if  extension  be  made  to  bring  the  rough 
surfaces  in  contact,  and  there  are  great  mobility  of  the  lower  fragment,  and 
shortening  of  the  limb  to  the  extent  of  from  three-quarters  to  oue  inch  ;  but 
the  most  remarkable  sign  is  the  prominence  formed  by  the  upper  end  of  the 
shaft  of  the  humerus,  which  projects  under  the  integuments,  and  can  readily 
be  felt  under  the  coracoid  process,  when  the  elbow  is  pushed  upwards 
and  rotated.  The  axis  of  the  bone  also  is  directed  obliquely  ui)wards  and 
inwards  towards  this  point.  In  consequence  of  the  irritation  of  the  nerves  of 
the  axillary  plexus  by  this  ft-agment,  which  is  often  very  sharp  and  angular,  a 
good  deal  of  pain  is  complained  of  in  the  arm  and  fingers.  This  sign,  however, 
is  not  met  with  in  childi'en,  ^vlieu  the  epiphysis  is  separated  fi-om  the  shaft, 
owing  to  the  greater  smoothness  of  the  fractured  surfiices.  There  is  often 
very  great  extravasation  of  blood  in  this  fracture,  owing  to  laceration  of 
branches  of  the  circumflex  arteries. 

Impacted  Extracapsular  Fracture  of  the  Neck  of  the  Humerus  has 
been  especially  treated  of  by  R.  W.  Smith  in  his 
excellent  work  on  Fractures.  In  this  injury,  the 
superior  fragment  being  penetrated  by  the  inferior 
one,  the  continuity  of  the  bone  and  its  firmness 
are  in  a  great  measure  preserved  ;  hence,  the 
usual  signs  of  fi'actm'e,  such  as  mobility,  displace- 
ment, and  crepitus,  arc  not  readily  obtainable,  and 
indeed  the  signs  of  this  injury  are  chiefly  negative. 
Thus,  there  are  impairment  of  motion,  slight  de- 
formity about  the  joint  and  upper  part  of  the  arm, 
and  occasionally  crepitus  is  obtainable  with  difficulty, 
and  by  firmly  grasping  the  head  of  the  bone  whilst 
the  elbow  is  being  rotated.  There  is,  as  a  rule, 
slight  shortening,  amounting  to  less  than  half  an 
inch. 

In  cMclre7iy  separation  of  the  epiphysis  from 

1     p,    .  1  •  1  1  Fi".  203. — Aiipiuvitus  for  I'ractuiv. 

the  shaft  is  common,  and  especial  care  must  be  ^ij^  ^eck  of  the  Humerus, 
taken  not  to  confound  this  accident  Avith  a  disloca- 
tion. The  diagnosis  is  always  easy.  In  children  under  puberty  dislocation 
of  the  head  of  the  humerus  scarcely  ever  occurs.  In  the  fracture,  the  head 
can  be  felt  in  the  glenoid  cavity ;  but  above  all  the  broad  end  of  the  shaft, 
for  the  fracture  in  them  is  always  transverse,  may  be  felt  drawn  up  under  the 
coracoid  process,  and  cannot  be  mistaken. 

The  Treatment  in  these  cases  should  be  carried  out  in  accordance  with  the 
following  principles  and  details :  1.  To  bandage  the  hand  and  arm  so  as  to 
prevent  congestion  and  cedema  of  the  limb  ;  2.  To  place  a  pad  in  the  axilla 
to  act  as  a  fulcrum  ;  3.  To  bandage  the  elbow  closely  to  the  side  so  as  to 
overcome  the  displacement  inwards  of  the  upper  end  of  the  shaft,  which  will 
be  thrown  outwards  by  the  axillary  pad  ;  4.  To  carry  the  elbow  (whilst 
it  is  being  bandaged  to  the  side)  forwards  across  the  chest,  in  advance  of 
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the  lateral  median  line,  in  order  to  counteract  the  forward  displacement 
of  the  upper  end  of  the  shaft,  and  thus  to  throw  it  backwards  towards  the 
head  of  the  humerus ;  5.  To  apply  a  sling  so  as  merely  to  suj^port  the  hand 
and  wrist,  allowing  the  elbow  to  hang  unsupported,  and  thus  letting  the 
weight  of  the  arm  counteract  the  displacement  upwards  (Fig.  2i)3).  By  these 
means  the  triple  displacement  of  the  u]-»per  end  of  the  lower  portion  of  the 
shaft  inwards,  forwards,  and  upwards  will  be  counteracted.  The  whole  is  then 
to  be  steadied  by  means  of  a  leather-  or  gutta-percha-cap,  carefully  moulded 
and  fitted  to  the  shoulder  and  arm.  As  the  bruising  and  extravasation  arc 
often  very  considerable  in  these  cases,  it  is  as  well  to  apply  evaporating  lotions 
in  the  first  instance. 

In  the  management  of  some  of  these  fractures,  I  have  found  a  very  con- 
venient  apparatus  in  a  leather  splint  about  two  feet  long  by  six  inches 
\  broad,  l^ent  upon  itself  in  the  middle,  so  that  one  half  of  it  may  be 
applied  lengthwise  to  the  chest,  and  the  other  half  to  the  inside  of 
the  injured  arm  ;  the  angle  formed  by  the  bend,  which  should  be 
somewhat  obtuse,  being  well  pressed  up  into  the  axilla.  In  this  way 
the  limb  is  steadied,  and  the  tendency  to  displacement  uiwards  ol' 
the  lower  fragment  is  corrected. 

In  some  cases,  fracture  of  the  neck  of  the  humerus  is  followed  by  atrophy 
of  the  bone,  though  good  union  has  taken  place. 

Compound  Fracture  of  the  Surgical  Neck  of  the  Humerus  is  not  of 
common  occurrence.  I  have  had  a  case  under  my  care  in  which  this  accident 
happened  to  a  lad  from  a  fall  out  of  a  window.  The  fracture  was  transverse, 
and  the  upper  extremity  of  the  lower  fragment  was  driven  upwards,  and  pro- 
truded tlirough  the  deltoid,  to  the  extent  of  an  inch  and  a  half.  It  was  reduced 
with  difhculty  :  as  great  irritation  was  set  up  around  the  seat  of  injury,  and  as 
there  was  a  tendency  to  recurrent  protrusion  of  the  upper  extremity  of  the 
lower  fragment,  this  was  turned  out  by  enlarging  the  wound,  and  about  an 
inch  and  a  half  of  it  sawn  otF.  Union  took  place  between  the  fragments,  and 
reco'^'ery  was  eflFected  Avith  a  very  useful  arm. 

Separation  of  the  Great  Tuberosity  of  the  Humerus  occurs  occasion- 
ally from  falls  and  blows  upon  the  shoulder  ;  but  more  commonly  as  the  result 
of  the  violent  action  of  the  three  external  rotator  muscles  which  are  inserted  into 
it.  In  this  injury  there  is  a  double  displacement ;  the  tubercle  is  carried  up- 
wards and  outwards  away  from  the  head  of  the  bone,  and  under  and  external 
to  the  acromion  process  ;  the  head  is  drawn  upwards  and  inwards  by  the 
muscles  passing  from  the  trunk  to  the  arm,  as  well  as  by  the  flexors  of  the  arm, 
in  such  a  way  that  it  lies  upon  the  inner  edge  of  the  glenoid  cavity  under  the 
coracoid  process,  and  is  indeed  almost  luxated.  The  consequence  of  this  double 
displacem.eut  is  a  great  increase  in  the  breadth  of  the  shoulder,  which  has 
nearly  double  its  natural  size  ;  on  examination,  a  rounded  tnmour — the  head 
of  the  bone— movable  on  rotating  the  arm,  can  be  felt  under  the  coracoid 
process,  whilst  another  osseous  mass— the  great  tuberosity— may  be  felt  at  the 
outer  and  back  part  of  the  joint ;  between  these  a  sulcus  is  perceptible,  and 
crepitus  may  be  felt  by  bringing  the  two  portions  of  bone  into  apposition  and 
rotating  the  arm.  This  accident,  which  is  rare,  has  been  most  carefully 
described  by  Guthrie  and  Smith,  to  whom  we  are  indebted  for  our  knowledo-e 
of  its  pathology.  *^ 

The  Treatment  consists  in  an  attempt  to  bring  the  detached  tuberosity  into 
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contact  Avith  the  head  of  the  hone,  and  retain  it  there  :  this  may  be  done 
either  by  mechanical  means,  or  by  relaxation  of  the  muscles.  The  treatment 
by  mechanical  means  consists  in  placing  a  pad  in  the  axilla,  and  bringing  the 
elbow  to  the  side  so  as  to  throw  out  the  head  of  the  bone,  at  the  same  time 
that,  by  means  of  a  compress,  the  tuberosity  is  pressed  into  proper  position,  the 
ann  being  supported  in  a  sling.  The  treatment  by  relaxation  of  the  muscles 
consists  in  elevating  and  extending  the  arm  from  the  trunk  ;  in  carrying  this 
out,  it  is  necessary  that  the  patient  be  confined  to  bed,  the  arm  being  supported 
on  a  pillow. 

The  Period  of  Union  in  a  Fracture  of  the  Neck  of  the  Humerus 

is  about  five  weeks,  at  the  end  of  which  time  the  apparatus  may  be  removed, 
but  the  patient  will  not  recover  the  use  of  the  arm  fully  till  about  the  end  of 
the  seventh  or  eighth  week. 

Compound  and  Comminuted  Fractures  of  the  Head  of  the  Humerus 

can  occur  only  as  a  consequence  of  gun-shofc-iiijury.  In  these  cases  there  may 
be  splintering  also  of  the  acromion  or  coracoid  processes,  of  the  neck  of  the 
scapula  or  glenoid  cavity,  and  possibly  injury  to  the  axillary  vessels  and  plexus 
of  nerves. 

The  Treatment  must  depend  upon  the  extent  of  the  complications.  If  the 
injury  be  confined  chiefly  to  the  head  of  the  humerus,  with  little  damage  to 
the  soft  parts,  and  none  to  the  main  vessels  or  nerves,  excision  should  be 
practised,  any  splinters  in  connection  with  the  scapular  processes  being  removed 
at  the  same  time.  Should,  however,  the  soft  parts  be  extensively  disorganized, 
and  especially  the  great  vessels  and  nerves  torn,  amputation  is  the  sole 
resource. 

2.  Fractures  of  the  Shaft  of  the  Humerus  are  usually  somewhat  oblique 
from  above,  downwards  and  outwards.  They  may  occur  from  any  kind  of 
external  violence,  but  are  more  frequently  the  result  of  muscular  action  than 
those  of  any  other  long  bone.  The  nature  of  the  accident  can  be  at  once  de- 
tected by  the  great  mobility  of  the  fragments,  the  ready  production  of  crepitus, 
and  the  other  ordinary  signs  of  fracture.  The  direction  of  the  displacement 
depends  upon  the  seat  of  the  fracture.  If  the  bone  be  broken  above  the  insertion 
of  the  deltoid,  and  below  those  of  the  pectoralis  major,  latissimus  dorsi,  and 
teres  major  muscles,  the  lower  fragment  will  lie  to  the  outer  side  of  the  upper, 
and  will  be  drawn  upwards  while  the  lower  end  of  the  upper  fragment  will  be 
drawn  inwards.  If  the  fracture  be  below  the  insertion  of  the  deltoid,  the  upper 
fragment  Avill  be  abducted  by  that  muscle,  and  the  lower  will  be  to  its  inner 
side. 

In  proportion  to  the  fi-equency  of  fracture  of  the  shaft  of  the  humerus 
ununited  fracture  occurs  more  commonly  in  this  than  in  any  other  bone. 

The  Treatment  is  of  the  simplest  character.  A  rectangular  internal  splint 
should  be  applied,  reaching  from  the  axilla  to  the  wrist,  and  two  or  three  short 
pasteboard  or  wooden  splints  to  the  three  other  sides  of  the  limb,  and  the 
elbow  and  fore-arm  may  be  supported  in  a  sling.  In  applying  the  splint  to 
the  inner  side  of  the  arm  care  must  be  taken  not  to  press  upon  the  axillary 
vein,  lest  oedema  of  the  limb  occur,  and  a  small  circular  hollow  pad  should  be 
arranged  so  as  to  jirotect  the  inner  condyle.  In  many  cases  an  angular  outer 
splint  carried  from  the  acromion  to  the  hand  is  the  best  apparatus  that  can 
be  employed.  In  these  cases  the  elbow  must  be  well  supported,  contrary  to 
what  is  done  in  fractures  of  the  surgical  neck.    For  if  in  fractures  of  the 
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shaft,  the  elbow  and  whole  of  the  fore-arm  be  not  well  supported  m  a  shng 
or  trough,  their  weight  may  drag  down  the  lower  fragment,  cause  elonga- 
tion of°the  limb,  and  thus  lead  to  separation  between  and  disunion  of  the 
frao-ments. 

The  Period  of  Union  in  Fractures  of  the  Humerus  is  about  five 
weeks.  According  to  the  statistics  of  Leisrink,  consolidation  should  be  com- 
plete by  the  thirty-third  day,  and  the  patient  should  have  regained  the  use  of 
his  arm  at  the  end  of  the  seventh  Aveek. 

3.  Fractures  in  the  Vicinity  of  the  Eibow-joint  may  occur  through 
any  of  the  osseous  prominences  in  this  situation.  They  are  very  commonly 
complicated  with  dislocation,  with  severe  contusion  and  injury  of  the  joint,  or 
perhaps  with  comminution  of  the  bones,  and  consideral)le  laceration  of  the  soft 
parts  covering  them.  In  most  cases  swelling  speedily  comes  on,  tending  to 
obscure  materially  the  nature  of  the  injury.  They  may  be  classified  as— Sepa- 
ration of  the  Lower  Epiphysis  of  the  Humerus  ;  Transverse  Fracture  of  the 
Lower  End  of  the  Bone  ;  Fracture  of  either  Condyle  ;  and  to  these  may  be 
added  Fracture  of  the  Olecranon. 

In  examining  a  supposed  fracture  about  the  elbow-joint,  the  Surgeon 
should  stand  in  front  of  the  patient,  who  must  have  both  elbows  exposed, 
and  should  carefully  compare  the  injured  with  the  sound  side.  To  do 
this  he  should  flex  the  patient's  elbows  to  a  right  angle  and  let  the 
upper  part  of  each  fore-arm  lie  on  the  palm  of  his  hand,  while  he  places 
his  thumb  upon  the  outer  condyle,  his  index-finger  on  the  olecranon,  and 
his  middle  finger  on  the  inner  condyle.  He  thus  readily  judges  whether 
these  three  points  of  bone  are  in  their  normal  relation  to  each  other.  He 
should  then  pass  the  thumb  or  finger  of  each  hand  simultaneously  over  the 
bony  points  on  the  two  sides  and  carefully  contrast  them.  ki\  assistant  may, 
if  necessary,  pronate  and  supinate  the  hands. 

Separation  of  the  Lower  Epiphysis  of  the  Humerus  before  its  ossifi- 
cation with  the  shaft  is  complete,  is  a  frequent  accident  in  children  ;  the  frag- 
ment being  carried  backwards,  with  the  bones  of  the  fore-arm  connected  with 
it,  so  as  to  cause  considerable  displacement  posteriorly.  In  this  accident  the 
trochlea,  the  capitellum,  and  the  condyles,  are  broken  off  from  the  shaft,  which 
remains  m  situ.  It  is  the  detached  articular  end  of  the  bone  that  is  carried 
backwards  with  the  fore-arm  by  the  action  of  the  triceps  muscle.  The  detached 
fragment  may  readily  be  replaced  ;  but  as  soon  as  it  is  left  to  itself,  it  again 
slips  out  of  its  position.  As  this  happens  without  bony  crepitus,  owing  to  the 
fractu.re  being  between  cartilaginous  surfaces,  although  there  maybe  a  peculiar 
soft  crackliug,  the  injury  is  apt  to  be  mistaken  for  dislocation  of  the  fore-arm 
backwards. 

Transverse  Fracture  of  the  Lower  End  of  the  Humerus,  just  above 
the  condyles,  occurs  occasionally  in  adults.  The  displacement  backwards  of 
the  fore-arm  and  lower  fragment,  the  pain,  and  crepitus,  indicate  the  nature  of 
the  accident. 

Fracture  of  either  Condyle  of  the  Humerus  may  arise  from  blows  and 
falls  on  the  elbow.  There  is  considerable  pain  about  the  seat  of  the  injury,  but 
usually  not  much  displacement ;  unless,  as  in  Fig.  204,  there  be  a  transverse 
fracture  of  both  condyles,  constituting  what  may  be  termed  the  T-shaped 
fracture  of  the  lower  epiphysis  of  the  humerus.  Crepitus,  however,  may  readily 
be  felt  by  rotatii\g  the  radius,  if  it  be  the  external  condyle  that  is  injui'ed  ;  or 
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by  flexing  and  pronating  the  fore-arm,  if  it  be  the  internal  condyle  that  has 
been  detached. 

The  Treatment  of  all  these  injuries  must  l)c  conducted  on  very  similar  prin- 
ciples. The  swelling  and  inflammatory  action,  which  rapidly  supervene,  usually 
require  local  antiphlogistic  treatment,  and  the  application  of  cold  lotions,  or 
of  irrigation  ;  the  arm  being  flexed,  and  supported  in  an  easy  position  on  a 
proper  splint.  After  the  subsidence  of  the  swelling,  the  fractured  bone,  what- 
ever be  the  precise  nature  of  the  injury,  is  best  maintained  in  jiosition  by  being 
put  in  an  angular  splint  applied  to  the  iuner  side  of  the  limb  (Fig.  205)  ;  the 
fore-arm  being  kept  in  the  mid-state  between  pronation  and  supination,  and 
well  supported  in  a  sling. 

It  is  in  these  particular  fractures  that  passive  motion  should  be  had  recourse 
to  early,  a  tendency  to  rigidity  of  the  joint  being  otherwise  often  left.  The 


Fig.  204. — T-shaped  Fracture  of  Pig.  205. — Angular  Splint  applied  to  inside  of  Arm. 

Lower  Epiphysis  of  Humerus. 

motion  should  be  begun  in  adults  at  the  expiration  of  a  month  or  five  weeks  ; 
in  children,  at  the  end  of  three  weeks  after  the  occurrence  of  the  accident. 
Union  usually  takes  place  readily.  I  have,  however,  seen  one  instance  of  an 
ununited  fracture  of  the  external  condyle  of  the  humerus  in  a  boy  about 
ten  years  old. 

Period  of  Union. — These  fractures  unite  quickly,  bony  union  being 
complete  in  four  weeks,  but  it  is  seldom  before  the  end  of  the  sixth  week 
that  the  patient  recovers  the  use  of  his  arm. 

Injury  of  Nerves  in  Fracture  of  the  Humerus. — In  simple  fracture  of 
the  shaft  of  the  humerus,  it  may  happen  that  the  trunk  of  the  musculo-spiral 
nerve,  where  it  winds  round  the  bone  in  a  flat  groove,  may  be  so  seriously 
damaged,  either  by  the  fractm'e  itself  or  by  becoming  involved  in  the  subse- 
quent formation  of  callus,  as  to  occasion  its  paralysis.  So  also  when  the 
fracture  is  lower  down,  and  the  external  condyle  is  broken  off,  the  posterior 
interosseous  branch  of  that  nerve  may  be  injured.  When  the  main  trunk  is 
paralysed,  suiDination  is  imperfect,  and  extension  of  the  hand  and  fingers  is 
entirely  lost ;  the  fore-arm  becomes  pronated,  and  the  hand  and  fingers 
passively  flaccid,  so  that  a  form  of  wrist-drop  ensues ;  all  the  muscles 
supplied  by  the  musculo-spiral  nerve  becoming  paralysed.  Some  degree  of 
supination,  however,  can  be  done  by  the  action  of  the  biceps.  Although 
the  extensors  of  the  wrist  and  fingers  have  become  paralysed,  yet,  when 
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the  fingers  are  flexed  into  the  pahn  (Fig.  20(;,a),  they  can  be  extended  rapidly, 
and  Avith  sonic  degree  of  force,  at  the  first  inter-phalangeal  articidations, 
as  far  as  is  represented  iii  Fig.  20(i,  Ij.  This  limited  movement  of  extension 
is  due  to  the  action  of  tlie  interossei  and  himbricales  muscles,  which,  being 

supplied  l)y  the  ulnar  and  median  nerves, 
do  not  participate  in  the  paralysis  that 
aflects  all  the  long  extensors  of  the  fingers. 
M.  Duchenne  dc  Boulogne  pointed  out 
that  the  interossei  muscles  extend  the 
second  and  third  phalanges  and  flex  the 
first  phalanx,  flexion  of  the  two  distal 
phalanges  being  accomplished  entirely  by 
the  long  flexors. 

When  the  posterior  interosseous  nerve 
only  is  paralysed,  the  loss  of  supination 
and  extension  is  necessarily  not  so  com- 
plete as  when  the  whole  trunk  is  affected  ; 
movements  being  still  practicable  to  a  limited  extent,  through  the 
medium  of  the  long  supinator  and  the  long  extensor  of  the  wrist,  which 
are  supplied  by  the  radial  branch.  If  the  paralysis  of  the  extensors  and 
supinators  be  allowed  to  continue  for  some  time,  the  fore-arm  and  arm  become 
drawn  into  a  state  of  permanent  flexion  and  pronation,  by  secondary,  or  so- 
called  pathological,  shortening  of  the  muscles  that  act  in  those  directions 
(Fig.  207). 

The  treatment  of  this  complication  of  simple  fracture  of  the  humerus  must  be 


20G.— Paralysis  of  Hand  (Wrist-Drop) 
after  Fracture  of  Humerus. 
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conducted  on  the  principles  laid  down  in  the  Chapter  on  Injuries  of  Nerves.  The 
patient  should  be  encouraged  to  use  the  hand  as  much  as  possible  as  soon  as 
the  state  of  the  fracture  will  allow  of  it,  and  a  splint  may  be  applied  at  night 
to  prevent  the  occurrence  of  deformity.  In  order  to  overcome  the  flexion  of 
the  hand  and  fingers,  due  to  the  unopposed  action  of  the  long  flexors,  the 
sphnt  (Fig.  208)  may  be  employed  with  advantage,  the  hand-piece  admitting 
of  upward  movement,  so  as  to  raise  the  hand  and  extend  the  fingers  forcibly. 

In  a  case  in  which  the  symptoms  denoted  pressure  on  the  musculo-spiral 
nerve  by  one  of  the  fragments  or  by  the  callus,  Oilier  of  Lyons  out  down  on 
the  bone,  removed  a  portion  of  the  callus  by  chisel  and  mallet,  so  as  to  expose 
the  nerve,  and  excised  also  a  portion  of  bone  (apparently  of  the  lower  fragment), 
which  was  strangulating  the  nerve.  Gradual  improvement  took  place ;  and 
at  the  end  of  six  and  a  half  months,  the  patient  had  regained  considerable 
power  of  extension  of  the  wrist.  Whitson  of  Glasgow  performed  a  similar 
operation,  and  in  his  case  the  improvement  was  more  rapid. 
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Compound  and  Comminuted  Fractures  of  the  Elbow-Joint  arc  neces- 
sarily serious  accidents.  They  are  commonly  occasioned  by  falls  on  the  point 
of  the  olecranon,  which  is  the  process  of  bone  most  frequently  and  extensively 
fractured.  In  some  cases  the  olecranon  escapes  injury,  whilst  the  lower 
epiphysis  of  the  humerus  is  splintered  into  many  pieces  ;  and  more  commonly, 
perhaps,  both  bones,  ulna  tis  well  as  humerus,  are  injured.  As  the  integu- 
ments over  the  point  of  the  elbow  are  thick  and  hard,  very  extensive  com- 
minution of  the  bones  may  occur  with  very  little  apparent  injury  of  the  soft 
parts.  When  these  fractures  are  the  result  of  gun-shot-injury,  the  soft  parts 
may  be  extensively  torn,  and  the  bones  greatly  shattered.  In  the  cases  that 
occur  in  civil  practice,  I  have  seldom  seen  much  laceration  of  the  soft  parts. 

The  Treatment  of  these  important  accidents  nmst  necessarily  depend  on 
the  amount  of  injury  done  both  to  bones  and  soft  parts.  If  the  articulation  be 
simply  opened  with  little  laceration  of  the  surrounding  soft  parts,  and  no  com- 
minution of  the  fractured  bone,  the  limb  may  very  commonly  be  saved.  If 
the  bones  be  much  shattered,  the  soft  parts  not  being  seriously  implicated, 
removal  of  the  splinters,  or  resection  of  the  injured  joint,  will  enable  the 
Surgeon  to  save  the  rest  of  the  limb  ;  but  if  the  soft  parts  be  extensively  con- 
tused and  torn,  as  well  as  the  bones  comminuted,  amputation  of  the  arm  may 
be  required.  If  an  attempt  be  made  to  save  the  joint  without  operation,  great 
attention  must  be  paid  to  drainage,  rest,  and  prevention  of  decomposition. 
If  the  cavity  become  filled  with  septic  matter,  not  only  will  there  be  severe 
septic  fever,  but  abscesses  will  form  in  front  of  and  around  the  joint,  the 
splintered  fragments  will  necrose,  and  excision,  or  possibly  amputation  of  the 
limb,  will  be  necessary  in  a  few  weeks.  These  cases,  however,  as  a  rule,  do  very 
well  when  treated  antiseptically,  either  by  carbolic  gauze  or  iodoform- wool. 

Perfect  rest  may  in  these  cases  be  obtained  by  the  plan  recommended 
by  H.  0.  Thomas  of  slinging  the  hand  up  over  the  upper  part  of  the  chest 
by  a  bandage  secured  by  a  clove  hitch  to  the  wrist,  and  tied  round  the  neck. 

If  the  comminution  is  such  as  to  render  removal  of  the  sjilintered  fragments 
necessary,  or  if  it  be  evident  that  recovery  can  take  place  only  with  a  stiff 
elbow-joint,  resection  should  be  performed.    In  these  cases  the  question  may 
arise  whether  a  partial  or  complete  removal  of  the  articulation  should  be 
practised.    This  will  depend  much  upon  circumstances.    If  the  comminution 
is  such  as  to  require  the  removal  of  a  considerable  length  of  the  humerus,  it 
is  better,  if  possible,  to  leave  the  bones  of  the  fore-arm  untouched,  otherwise  a 
flail-like  arm  is  certain  to  result.  If  but  little  length  of  bone  has  to  be  removed, 
there  is  some  danger  of  a  stiff  elbow  resulting  unless  the  whole  cartilage-covered 
surfaces  of  the  bones  are  removed.    In  cases  in  which  a  secondary  excision 
becomes  necessary  after  an  attempt  to  save  the  joint  has  failed,  it  is  better  to 
follow  the  ordinary  rule  of  removing  all  the  articular  surfaces  even  if  but  one 
is  injured,  as  in  these  cases  the  cartilages  have  often  necrosed  from  the 
irritation  of  the  septic  discharges  and  would  seriously  delay  the  cure. 
When  primary  resection  is  determined  on,  the  sooner  the  operation  is  done  the 
better  ;  when  a  secondary  operation  is  perfonned,  after  septic  inflammation  has 
followed  the  accident,  the  Hurgeon  must  wait  till  the  septic  fever  begins  to 
subside,  and  suppuration  is  fully  establislied,  and  then  he  should  do  it  with  as 
httle  delay  as  possible  lest  hectic  or  pytemia  supervene.    The  operation  as  per- 
formed diflPers  in  no  material  respect  from  the  same  operation  for  disease  of 
the  articulation,  which  will  be  described  in  Chapter  XLIX.    In  primary 
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excision  great  care  must  be  taken  to  save  the  periosteum  as  much  as  possible, 
otherwise  a  flail-like  joint  may  result.  In  secondary  operations,  as  the  perios- 
teum is  loosened  by  the  inflammation,  it  usually  is  saved  without  difficulty. 

FiucTiJRKS  OF  THE  FoRE-ARM.-- 1 .  The  Only  fracture  of  the  bones  of  the 
fore-arm  that  commoidy  occurs  in  the  vicitiitij  of  the  elbow-joint,  is  that  of  the 
Olecranon  ;  this  happens  almost  inA'ariably  from  falls  u]wn  the  elbow,  and 

hence  is  usually  accompanied  by  very  considerable 
bruising  and  swelling  of  the  parts.  It  may  possibly, 
though  very  rarely,  occur  from  muscular  action. 
The  displacement  is  usually  considerable,  the  de- 
tached fragment  being  drawn  upwards  by  the 
triceps  muscle.  Occasionally,  however,  when  the 
ligamentous  expansion  of  the  tendon  of  this  muscle 
is  not  torn  through,  there  is  but  little  separation 
of  the  fragments.  In  the  majority  of  cases,  as 
the  injury  takes  place  from  direct  violence,  there 
is  much  swelling  about  the  joint  ;  and  not  un- 
frequently  the  fracture  is  coimninuted  or  com- 
pound. 

The  Treatment  is  best  conducted  by  moderately 
straightening  the  arm,  and  maintaining  it  in  that 
position  by  means  of  a  well-padded  light  wooden 
splint  laid  along  its  fore  part.  But,  although  the  arm  should  be  kept  nearly 
straight,  it  should  not  be  quite  extended.  The  best  and  most  easy  position  in 
Avhich  to  put  it  up  is  that  into  which  the  arm  naturally  falls  when  hanging  by 
the  side ;  in  this  there  will  be  seen  to  be  slight  flexion  at  the  elbow  (Fig.  210). 
If  the  fore-ai-m  be  too  rigidly  extended  on  the  arm,  it  may  be  carried  backwards 


Fig.  209. — Fractuiu  of  Olecranon. 


Apparatus  I'oi-  Fractured  Olecranon. 


beyond  the  straight  line,  OAving  to  loss  of  the  resistance  of  the  olecranon 
against  the  fossa  at  the  back  of  the  humerus. 

x\s  a  rule,  union  takes  place  by  firm  fibrous  tissue,  but  bony  union  has 
sometimes  been  obtained.  Should  the  union  be  so  loose  as  to  render  the  arm 
useless,  it  has  been  recommended  to  cut  down  on  the  seat  of  fracture,  freshen 
the  bony  surfaces,  and  apply  a  wire-sutm-e  as  in  the  treatment  of  ununited 
fractures  elsewhere.  In  order  to  do  this  without  the  risk  of  suppuration,  the 
strictest  antiseptic  precautions  must  be  observed.  The  operation  has  been 
successfully  performed  by  Lister  and  Sir  William  MacCormac ;  but  the  cases 
in  which  such  an  operation  could  l)e  required  are  very  rare. 

Period  of  Union.— A  simple  fi'acture  of  the  olecranon  is  usually  united 
with  sufficient  firmness  to  allow  of  the  splint  being  abandoned  in  fr-om  four  to 
five  weeks. 
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In  Compound  Fracture  of  the  Olecranon,  the  joint  must  be  syringed 
out  with  an  antiseptic  sohition,  and  treated  by  some  form  of  antiseptic  dress- 
ing. Konig  recommends  that,  whenever  possible,  the  fragment  should  be 
fixed  to  the  ulua  by  wire  sutures,  care  being  taken  to  provide  drainage  from 
the  joint  on  each  side  of  it.  In  cases  in  which  suppuration  has  taken  place, 
and  when  there  is  a  probability  of  ankylosis,  the  semi-flexed  would  be  i)refer- 
able  to  the  straight  position.  If  destruction  of  the  joint  follow,  excision  may 
be  necessary. 

Fracture  of  the  Coronoid  Process  of  the  Ulna  has  been  supposed  by 
many  Surgeons  to  be  a  common  complication,  and,  indeed,  a  cause  of  disloca- 
tion of  the  ulna  backwards.  There  is  every  reason,  however,  to  believe  that 
this  is  an  error,  and  that,  in  point  of  fact,  it  is  one  of  the  rarest  accidents  in 
surgery — at  least,  we  must  come  to  this  conclusion,  if  we  are  to  judge  by  the 
small  number  of  recorded  cases  or  of  preserved  specimens  of  this  injury. 
Hamilton  states  that  there  are  but  eight  cases  on  record  in  which  the 
symptoms  led  to  a  belief  that  this  accident  had  occurred ;  that  in  none 
of  these  cases  were  the  symptoms  unequivocal  ;  and  that  in  not  one 
case  did  dissection  afford  an  opportunity  of  positively  demonstrating  this 
fracture.  There  are  but  four  preparations  in  existence,  according  to  Hamilton, 
illustrative  of  this  injury,  and  all  these,  he  says,  are  doubtful.  In  the  cases 
in  which  this  accident  has  been  supposed  to  have  occurred,  the  injuiy  has 
arisen  from  falls  on  the  palm  of  the  hand,  by  which  the  ulna  has  been  driven 
backwards,  and  the  coronoid  process,  striking  against  the  lower  end  of  the 
humerus,  splintered  oif.  In  a  case  related  by  Listen,  the  injury  is  said  to  have 
been  produced  by  muscular  action  in  a  boy,  who,  hanging  for  a  length  of  time . 
by  his  hands  from  a  high  wall,  fell  to  the  ground,  and  was  supposed  to  have 
met  with  this  fracture.  Whether  the  fracture  actually  occurred  is  doubtful  ; 
and,  if  it  did,  it  is  still  more  doubtful  whether  it  was  occasioned  by  the  con- 
traction of  the  brachialis  anticus  muscle,  or  by  the  violence  of  the  fall. 

In  the  present  uncertain  state  of  our  knowledge,  I  forbear  to  speak  of  the 
supposed  symptoms  of  this  accident.  If  it  were  suspected,  the  proper  treat- 
ment would  consist  in  placing  the  limb  in  angular  splints. 

2.  Fractures  about  the  Middle  of  the  Fore-arm  are  of  very  common 
occurrence,  both  bones  being  usually  broken,  with  much  shortening,  angular 
displacement,  and  crepitus.  Occasionally  one  l^one  only  is  fractured,  from  the 
application  of  direct  violence.  When  this  is  the  case,  more  attention  will  be 
required  in  establishing  the  precise  nature  of  the  injury. 

The  Treatment  is  simple  ;  a  plain  wooden  splint  somewhat  broader  than  the 
arm  should  be  placed  on  each  side  of  it,  and  a  narrow  pad  laid  along  the  interos- 
seous space,  in  order  that  the  patency  of  this  may  be  preserved  ;  no  bandage 
should  be  placed  under  the  splint,  nor  must  the  bandages  that  arc  over  the 
splints  touch  the  sides  of  the  arm.  The  fore-arm  must  be  placed  mid- way  between 
pronation  and  supination,  as  this  gives  the  greatest  natural  interval  between 
the  two  bones.  When  the  arm  is  hanging  down,  the  thumb  should  be 
upwards  ;  a  fractured  fore-arm  is  however  usually  put  up  while  the  patient  is 
seated  with  his  arm  raised  to  the  level  of  his  head,  and  the  elbow  bent  at  a 
right  angle,  the  Surgeon  standing  in  fi-ont  of  him.  The  studeut  is  apt  to 
forget  that,  for  the  bones  to  be  mid-way  between  pronation  and  supination  in 
this  position,  the  thumb  must  be  pointing  towards  the  patient's  face. 

If  the  bones  be  put  up  in  an  improper  position,  or  squeezed  together,  a  mass 

VOL.  I.  p  p 


578 


SPECIAL  FRACTURES. 


Fig.  211. 


Obliteration 
of  tlie  interosseous 
.space  in  a  fractui-e  of 
the  fore-arm. 


of  callus  may  be  thrown  out  across  the  interosseous  space  uniting  them 
together.    Pronation  and  supination  of  the  hand  will  then  be  lost,  and  the 
utility  of  the  limb  greatly  impaired  (Fig.  211). 

Period  of  Union. — The  average  time  of  union  in  the 
fore-arm  is  five  "w'eeks. 

Compound  Fractures  of  the  Fore-arm  seldom  give 
much  trouble  or  require  amputation,  but  they  very  com- 
monly lead  to  obliteration  of  the  interosseous  space,  and 
thus  impair  the  utility  of  the  limb,  by  preventing  pronation 
and  supination. 

3.  Fractures  of  the  lower  Extremity  of  the 
Radius,  near  the  wrist,  are  very  frequent,  especiallyjin 
women  after  the  age  of  45.  Their  importance,  not  only 
from  a  diagnostic  point  of  view,  but  also  in  reference  to 
treatment,  has  caused  them  to  be  carefully  studied  ;  and 
their  nature  and  pathology  have  been  specially  investigated 
by  Colles,  Goyrand,  Voillermier,  Nekton,  R.  W.  Smith, 
and  Gordon. 

The  lower  end  of  the  radius  is  liable  to  several  different 
kinds  of  fracture.    The  more  common  of  these  is  that 
which   is  generally  called  "  Colles's  Fracture,"  from 
the  eminent  Surgeon  who  first  fully  described  it.    In  this 
fracture  the  carpal  end  of  the  radius  is  broken  across, 
usually  by  a  fall  on  the  palm  of  the  hand,  the  lower  frag- 
ment being  displaced  backwards.    Dr.  Gordon,  who  has 
bestowed  great  attention  on  the  mechanism  and  treatment  of  this  fracture, 
states  that,  in  twenty-seven  old  specimens  examined  by  him,  the  line  of 
fracture  posteriorly  varied  from  f  to  If  inch,  and  anteriorly  from  f  of  an 
inch  to  two  inches  above  the  carpal  border  of  the  radius,  being  in  ten  of  the 
cases  one  inch  and  under,  in  ten  more  than  one  inch  but  not  over  1|  inch,  in 
the  others  indefinable.    The  ft-acture  is  usually  oblique  from  before  backwards. 
Besides  Colles's,  other  fractures  are  met  with  in  this  situation.    They  are  of 
three  kinds  ;  1,  Simple  Transverse  ;  2,  with  Comminution  of  the  Lower 
Fragment ;  and  3,  with  firm  Impaction  of  the  Upper  into  the  Lower  Fragment, 
The  Signs  of  fracture  of  the  lower  end  of  the  radius  vary  greatly,  accord- 
ing to  their  nature.    When  simple,  there  is  usually  no  very  great  displacement ; 
but  there  will  be  noticed  some  tumefaction  about  the  wrist,  a  swelling  at  its 
dorsal  aspect,  loss  of  the  movement  of  the  radius,  and  crepitus  on  rotating  the 
bone  whilst  the  hand  is  drawn  down.    When  the  fracture  is  conimmutcd,  and 
still  more  so  when  impaded,  the  signs  are  very  marked  and  characteristic  ;  so 
much  so,  that  they  may  always  be  looked  upon  as  diagnostic  of  these  forms  of 
this  accident.    The  deformity  thus  occasioned  gives  rise  to  a  remarkable 
undular  distortion  of  the  wrist.    On  looking  sideways  at  the  hand  and  fore- 
arm which  are  held  midway  between  supination  and  pronation,  it  will  be  seen 
that  there  is  a  considerable  dorsal  prominence  apparently  situated  just  above 
the  back  of  the  carpus  (Fig.  213)  ;  immediately  underneath  this,  on  the  palmar 
aspect  of  the  wrist,  just  opposite  the  annular  ligament,  there  is  a  remarkable 
hollow  or  arch,  confined  to  the  radial  side  of  the  arm  ;  a  little  above  this—that 
is  to  say,  on  the  lower  part  of  the  anterior  aspect  of  the  fore-arm— there  is 
another  rounded  prominence,  not  nearly  so  large  or  distinct,  however  as  the 
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one  on  the  dorsal  aspect.  The  hand  is  abducted  and  rotated  outwards,  so  that 
its  axis  is  oblique  to  that  of  the  fore-arm  ;  the  ulnar  border  being  somewhat 
convex,  and  the  styloid  process  of  the  ulna  projecting-  sharply  under  the  skin 
(Fig.  212).  The  radial  side  of  the  wrist  is,  on  the  contrary,  somewhat  con- 
cave, appearing  to  be  shortened. 

The  pain  at  the  seat  of  injury  is  very  severe,  and  is  greatly  increased  by 


Fig.  212.— Fractuvo  of  Lower 
End  of  Radius  :  Back  View. 


Fig.  213.— Fracture  of  Lower  End  of  Radius  •.  Side  View. 

moving  the  hand,  especially  by  making  any  attempt 
at  supination.  The  hand  is  perfectly  useless,  the 
patient  being  unable  to  support  it.  All  power  of  rotating 
the  radius  is  lost,  the  patient  moving  the  whole  of 
the  arm  from  the  shoulder  at  once,  and  thus  ap- 
parently, but  not  really,  pronating  and  supinating 
it.  Crepitus  can  readily  be  felt  when  the  fracture  is 
simple  or  comminuted  ;  but  when  it  is  impacted,  the 
most  careful  examination  fails  to  elicit  it. 

The  Cause  of  the  particular  Deformity  i\\?it  is  observed, 
and  indeed  the  general  pathology  of  the  injury,  has 
been  the  subject  of  much  discussion  ;  in  a  great  measure  owing,  I  believe, 
to  the  rari,ty  of  the  opportunities  of  dissecting  recent  fractures  of  this 
kind.    Surgeons  are,  however,  now  agreed  that  the  dorsal  prominence  is 
due  to  the  lower  fragment,  carrying  the  carpus  with  it,  being  displaced 
backwards  and  upwards ;   whilst  the  palmar  tumefaction  is  due  to  the 
projection  forwards  of  the  lower  end  of  the  upper  fragment,  which  is  thrown 
into  a  state  of  pronation.    There  is  thus  a  double  cause  of  displacement 
in  operation.    The  displacement  of  the  upper  fragment  is  evidently  due  to 
the  pronatores  quadratus  and  radii  teres  ;  but  to  what  is  the  displacement  of 
the  lower  ft-agment  due  ?    Is  it  to  the  peculiar  manner  in  which  the  two  frag- 
ments are  locked  into  one  another  ?  or  is  it  due  to  muscular  action  ?  Some 
years  ago  I  had  an  opportunity  of  dissecting  and  carefully  examining  the  state 
of  the  limb  in  a  woman  who  died  from  other  causes  in  University  College 
Hospital  twelve  days  after  meeting  with  this  accident.    On  examining  the  left 
arm,  which  presented  all  the  signs  of  this  injury  in  a  marked  degree,  and  from 
which  Fig.  212  was  taken,  a  transverse  fracture  of  the  radius  was  found  about 
an  inch  above  its  articular  surface.    The  lower  fragment  was  split  into  three 
portions,  between  which  the  upper  fragment  was  so  firmly  impacted  to  the 
depth  of  more  than  half  an  inch,  as  to  require  some  force  in  its  removal.  The 
three  portions  into  which  the  lower  fragment  was  split  were  of  very  unequal 
size  ;  the  two  posterior  ones  being  small,  consisting  merely  of  scales  of  bone  ; 
the  third  fragment,  the  largest,  comprising  the  whole  of  the  articular  surface 
of  the  radius,  which  was  tilted  somewhat  upwards  and  backwards,  carrying  the 
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hand  with  it.  To  this  fragment  were  attached  the  supinator  longus,  and  part 
of  the  pronator  quadratus  ;  the  ligaments  and  capsule  of  the  joint  were 
uninjured. 

This  case  presented  the  appearance  usually  met  with  in  this  kind  of  injury; 


Fig.  214.— Fracture 
of  Lower  End 
of  Radius;  Dis- 
]ilaceiiient  of  Ar- 
ticular Siu'face. 


Fig.  215.  —  Fracture  of 
Lower  End  of  Railius  : 
Dis]ilacenieut  of  Lower 
Fragment. 


the  lower  fragment  being  displaced  in  such  a  way  that  its  articular  surface 
looked  slightly  backwards,  and  somewhat  outwards,  so  as  to  be  twisted  as  it 
were  upon  its  axis.  The  upper  fragment  was  found  in  a  state  of  pronation, 
and  was  driven  into  and  iirnily  impacted  in  the  loAver  one. 

That  the  deformity  in  this  case  was  the  result  of  impaction,  there  could  be 


Fig.  216.-An  old  Colles-  Fracture  of  the  Radius.  Showing  the  dorsal  prominence  made  l.v  the  Lower 
IVagment  and  the  Carpus,  and  the  palmar  projection  caused  by  the  anterior  part  of  tlie  lower  end 
of  the  Upper  Fragment.  ^  lu.vcx  uiu 


no  doubt  ;  and  that  impaction  is  the  cause  of  deformity  in  many  cases,  is 
proved  by  an  examination  of  several  specimens  of  consolidated  fracture  of  the 
radius  preserved  in  the  different  collections  in  London,  and  by  the  difficulty  of 
accounting  in  any  other  way  for  the  occasional  impossibility  of  properly  reduc- 
ing these  fractures.  The  great  traction  that  is  usually  required  to  remove  the 
deformity,  and  the  absence  of  distinct  crepitus  until  after  forcible  traction  has 
been  em])]oyed,  indicate  the  existence  of  this  impaction. 

Mechanism.— The  mode  in  which  the  accident  occurs,  and  the  position  of  the 
hand  at  the  moment  of  its  coming  into  contact  with  the  ground,  will,  T  think 
materially  influence  the  kind  of  fracture  that  occurs  as  well  as  the  consequent 
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amount  and  chavaoter  of  the  resulting  deformity,  AVhen  a  person  falls  on  his 
hands  outstretched  to  save  him,  the  limb  is  usually  not  completely  pronated. 
It  is  half-way  between  complete  pronation  and  the  mid-state  between  pronation 
and  supination.  Complete  pronation  is  a  forcible  muscular  ellbrt  which  is 
not  carried  to  the  full  extent  at  the  moment  of  danirer.  The  hand  is  in  fact 
three-quarters  pronated — not  wholly  so.  The  effect  of  this  position  is,  that 
the  ulnar  border  is  directed  slightly  downwards  and  first  comes  into  contact 
with  the  ground,  and  the  fracturing  force  is  directed  in  a  line  that  is 
somewhat  towards  the  radial  side,  as  well  as  backwards  and  upwards.  Hence 
the  hand  is  driven  from  the  ulna  towards  the  radius,  causiug  the  strongly 
marked  projection  of  the  styloid  process  of  the  ulna  ;  and,  the  radius  being 
broken  across  at  its  lower  end,  the  fragment,  carrying  with  it  the  carpus  and 
hand,  is  driven  backwards,  upwards,  and  slightly  outwards,  causing  the  double 
deformity  of  a  projection  at  the  back  of  the  fore-arm  immediately  above  the 
carpus,  and  the  concavity  along  the  outer  line  of  the  radius. 

But  if,  as  sometimes  happens,  the  hand  be  completely  and  forcibly  pronated 
at  the  moment  when  it  touches  the  ground,  then  the  shock,  which  is  received 
principally  on  the  ball  of  the  thumb  and  the  radial  side  of 
the  wrist,  impinges  in  a  direction  obliquely  from  before 
backwards,  and  from  without  inwards,  as  well  as  from 
below  upwards,  and  thus  has  a  tendency,  as  soon  as  the 
bone  is  broken,  to  rotate  the  lower  fragment  on  its  own 
axis,  and  to  tilt  the  articular  surface  somewhat  upwards 
and  outwards.  As  the  upper  fragment  descends,  its  pos- 
terior surface  of  compact  tissue  is  forced  into  the 
cancellous  structure  of  the  lower  fragment  until  the  two 
posterior  portions  of  compact  tissue  come  into  contact ; 
and  thus  the  upper  line  of  compact  tissue  is  driven  into 
the  lower  fragment,  to  an  extent  corresponding  to  the 
degree  with  which  the  fragment  is  rotated  upwards  and 
backwards.  If  the  bone  be  brittle,  or  the  force  be  con- 
tinued after  this  amount  of  impaction  has  taken  place, 
the  lower  fragment  will  be  splintered.  The  prominence 
of  the  styloid  process  of  the  ulna  in  this  case  is  the  result 
of  the  shortening  of  the  radial  side  of  the  wrist  and  hand, 
consequent  upon  the  impaction. 

When  the  fracture  is  simple,  or  when  it  is  comminuted 
without  impaction,  I  agree  with  R.  W.  Smith  that  the 
displacement  of  the  lower  fragment  is  the  result  of  muscular  action  alone. 
This  I  have  had  an  opportunity  of  observing  in  the  following  case.  A 
man,  64  years  of  age,  fell  to  the  gi-ound  from  a  height  of  twenty-five 
feet.  In  his  fall  he  broke  the  left  radius  just  above  the  wrist,  but  also 
met  with  such  serious  injm-ies  of  the  pelvis  and  abdomen,  that  he  died  in 
an  hour  after  admission  into  the  Hospital.  On  carefully  dissecting  the  arm 
about  twenty-four  hours  after  death,  I  found  that  the  radius  was  fractured 
transversely  about  half  an  inch  above  its  lower  articular  end,  and  that  the 
lower  fragment  was  completely  comminuted.  The  wrist,  which  presented 
all  the  signs  of  this  ft'acture  in  a  very  marked,  but  not  an  extreme  degree, 
could  not  be  restored  to  its  normal  shape  by  any  amount  of  traction  that  I 
could  employ.    On  exposing  the  muscles  of  the  limb,  it  was  found  that  the 
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Fig.  217. — A  section  of 
tin;  bone  from  which 
Fig.  -ilu  waH  taken. 
Showing  the  impac- 
tion of  the  compact 
tissue  of  the  jxis- 
terior  aspect  of  the 
Up]ier  Fragment  into 
the  cancellous  tissue 
of  the  Lower. 
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supinator  longiis  was  attaclied  to  the  lower,  and  the  pronator  qnadratus  to  the 
upper  fragment ;  the  latter  muscle  being  slightly  lacerated  at  its  lower  part. 
The  upper  fragment  was  strongly  pronated.  The  chief  cause  of  displacement, 
and  the  main  obstacle  to  reduction,  was  found  to  exist  in  the  two  radial 
extensors  of  the  wrist,  the  tendons  of  which  were  excessively  tense  ;  next  to 
these,  the  special  extensors  of  the  thmnb  presented  most  tension,  and  then  the 
supinator  longus,  which  was  far  less  tense  than  either  of  the  other  sets  of 
muscles,  but  especially  than  the  radial  extensors,  the  tendons  of  which  were 
strongly  defined.  On  dividing  these  tendons,  and  on  pressing  the  lower  end 
of  the  upper  fragment  outwards,  reduction  was  easily  effected.  Here  the  dis- 
placement was  evidently  due  to  two  causes.  The  upper  fragment  was  forcibly 
pronated  by  the  action  of  its  special  pronators  ;  and  the  hand,  with  the  lower 
fragment  attached,  was  drawn  upwards  and  backwards  by  and  in  the  direct 
line  of  the  radial  extensors  of  the  wrist.  There  was  no  impaction  nor  inter- 
locking of  fragments,  but  perfect  mobility,  and  hence  muscular  action  was 
enabled  to  come  into  play. 

In  another  case  which  I  have  since  dissected,  the  muscles  chiefly  at  fault 


Fig.  218.-01(1  Pistol-Splint  for  Treatment  of  Fracture  of  the  Lower  End  of  the  Radius. 

were  the  radial  extensors  ;  next  to  these  the  extensors  of  the  thumb  ;  the  supi- 
nator longns  being  but  slightly  if  at  all  contracted. 

Besides  this  injury,  E,.  W.  Smith  has  described  a  fracture  of  the  lower  end 
of  the  radius  in  consequence  of  falls  upon  the  back  of  the  hand,  in  which  the 
inferior  fi-agment  is  displaced  forwards.  In  these  cases  the  character  of  the 
deformity  indicates  the  nature  of  the  injury.  It  can  readily  be  reduced,  with 
a  feeling  of  crepitation,  by  traction. 

In  another  variety  of  fi'acture  in  this  situation,  the  lower  end  of  the  radius 
and  that  of  the  ulna  are  broken  off,  resembling  very  closely  dislocation  of  the 
WTist  backwards.  But  the  existence  of  grating,  the  ready  reduction  of  the 
swelling,  and  the  attachment  of  the  styloid  processes  of  the  radius  and  of  the 
ulna  to  the  carpus,  with  which  they  move,  will  be  sufficient  to  estabhsh  the 
diagnosirs. 

The  Treatment  of  the  ordinary  fi-acture  of  the  radius  near  the  wrist  may  be 
conducted  by  the  apparatus  (Figs.  218,  219).  This  consists  of  a  pistol-shaped 
wooden  splint,  which  is  placed  along  the  outside  of  the  arm,  reaching  from  the 
elbow  to  the  extremity  of  the  fingers.    Forcible  extension  and  counter- 
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extension  should  be  practised,  with  the  view  of  disentangling-  the  frao-meuts, 
and  removing  the  dorsal  prominence.  The  splint  should  be  carefully  padded, 
the  padding  being  made  thicker  opposite  the  lower  fragment,  and  then,  with 
the  straight  portion  held  vertically,  the  head  of  the  sphnt  should  be  fixed  to 
the  back  of  the  hand.  Gentle  extension  should  then  be  made,  and  the  hand 
bent  to  the  ulnar  side  by  raising  the  straight  portion  of  the  splint  to  the 
horizontal  position,  so  as  to  make  it  lie  against  the  back  of  the  fore-arm,  and 
held  there,  while  another  straight  splint,  extending  from  the  elbow  to  the 
lower  end  of  the  upper  fragment,  is  placed  on  the  inner  side  of  the  fore-arm. 
Both  splints  should  then  be  fixed  by  means  of  a  roller,  care  being  taken  to 
have  the  inner  splint  well  padded  along  the  radial  border,  so  as  to  counteract 
the  tendency  to  pronation  of  this  part  of  the  bone.  The  arm  must  then  be 
placed  in  a  sling.   The  pistol-splint 

should  be  worn  for  a  fortnight  or  , 
three  weeks.  At  the  end  of  this 
time  a  gauntlet  of  gutta-percha, 
or  other  plastic  material,  may  be 
moulded  to  the  wrist  and  worn 
instead  of  the  splint.  All  apparatus 
should  be  discontinued  at  the  end 
of  five  weeks  in  the  adult,  a  week 
or  two  earlier  in  children.  When 
the  fracture  is  impacted,  little  if 
any  alteration  in  the  defonnity  can 

be  produced  ;  when  it  is  mobile,  it  may  usually  be  brought  into  good 
position.  The  fracture  unites  in  the  course  of  a  month  or  five  weeks. 
After  the  first  week  it  is  well,   especially  in   elderly  people,  to  leave 


Fig.  219. — Pistol-Splint  shaped  to  hand. 


Fig.  220.— Gordon's  Splint. 


the  fingers  free,  and  to  encourage  movement  of  them,  lest  that  painful 
stiffness  result  which  is  so  common  a  sequela  of  the  accident.  Passive  motion 
of  the  wrist- joint  may,  however,  often  be  commenced,  with  great  advantage 
to  the  patient,  before  the  union  of  the  fracture,  more  particularly  when 
it  is  impacted.  If  the  hand  and  fingers  be  kept  fixed  on  the  splint  until 
the  fracture  is  fully  united,  very  troublesome  and  painful  stiffness  will  result. 
It  is  frequently  fully  three  months  before  this  stiffness  of  the  hand  and 
wrist  is  so  far  diminished,  even  by  the  use  of  friction  and  douches,  as  to 
enable  the  patient  to  use  the  fingers,  the  stiffness  of  the  wrist  being  often  due 
to  the  extension  of  a  fissure  into  the  joint.  It  sometimes  happens  that  in 
both  arms  the  radius  is  broken  at  the  same  time  in  this  situation,  constituting 
a  somewhat  serious  condition,  inasmuch  as  the  patient  is  not  able  to  feed  or 
assist  himself  in  any  way  during  the  treatment. 
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The  accompanying  Figs.  220  and  221,  represent  two  forms  of  splints  that 
have  justly  many  advocates,  viz.,  Gordon's  and  Nekton's. 

Another  form  of  splint  which  will  be  found  most  efficient  in  overcoming  the 

deformity  and  comfortable  to  the 
patient,  is  that  invented  by  Carr 
a  few  years  ago  (Fig.  222).  It 
consists  of  a  narrow  splint  slightly 
hollowed  out  to  fit  the  radius, 
obli(iuely  across  the  end  of  which 
is  a  cylinder  of  wood  about  four 
inches  long  by  one  in  diameter. 
This  is  padded  with  cotton-wool 
and  applied  to  the  fore- arm  in 
such  a  way  that  the  cylinder 
corresponds  to  the,  metacarpo- 
phalangeal articulations.  A  short  splint,  about  two  inches  wide,  is  then  placed 
on  the  back  of  the  arm,  and  both  are  secured  by  a  few  turns  of  bandage.  The 
fingers  are  now  bent  down  so  as  to  make  them  firmly  grasp  the  cylinder  of 
wood.    A  few  turns  of  bandage  may  at  first  be  applied  to  keep  the  fingers  in 

position,  but  after  the  first  week 
tlic  bandage  must  not  extend 
beyond  the  carpo-metacarpal  arti- 
culation, the  fingers  being  left 
perfectly  free  to  move.  By  the 
use  of  this  apparatus  the  ten- 
dency to  stijBTness  of  the  fingers 
is  greatly  diminished. 

Fractuees  of  the  Meta- 
carpus AND  Fingers  are  of  so 
simple  a  character  as  scarcely 
to  call  for  detailed  remarks.  There  is  only  one  accident  to  a  metacarpal 
bone  that  can  lead  to  any  difficulty  in  diagnosis.  It  is  the  case  in  which  the 
neck  of  the  bone  is  broken  transversely,  so  that  the  head  is  carried  forwards 
with  the  finger,  and  thus  simulates  closely  a  dislocation  of  the  fingers  towards 
the  palmar  surface.  A  comparison  of  the  line  of  the  bent  knuckles,  with  crepitus  • 
on  rotation,  will  pretty  easily  determine  the  real  injury.  In  the  Treatment, 
rest  of  the  part  upon  a  leather,  gutta-percha,  or  pasteboard  splint  is  all  that  is 
requisite.  In  compound  fracture  of  these  bones,  every  efibrt  should  be  made 
to  save  the  part  ;  if  removal  become  necessary,  it  should  be  as  limited  in 
extent  as  possil)le  (p.  95). 

Period  of  Union.— A  fracture  of  one  of  the  bones  of  the  hand  is  fii'mly 
united  by  the  end  of  the  third  week,  when  splints  will  no  longer  be  required. 

FBACT0RES    OF    THE    PELVIS   AND    THE    LOWER  EXTREMITY. 

Fractures  of  the  Pelvis.— The  pelvic  bones  can  be  broken  only  by 
great  and  direct  violence.  The  complete  circle  which  they  form,  their  solidity, 
and  the  strength  of  their  synchondroses,  enable  them  to  resist  all  indirect 
causes  of  fracture.  In  civil  life  these  bones  are  usually  broken  by  crushes  of 
the  body,  as  between  a  cart  and  a  wall,  by  falls  of  rock  in  mining  accidents,  or 
by  the  crushing  force  of  railway  collisions. 


SIGA^S  OF  FRACTURED  PELVIS. 
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When  broken,  the  pelvis  usually  o-ivcs  way  at  the  rami  of  the  puhcs  and 
ischium  in  front,  and  across  the  iliiun,  at  or  near  the  sacro-iliac  synchondroses, 
behind,  usually  on  the  side  opposite  to  that  of  the  fracture  in  front.  The 
pubis  may  be,  but  rarely  is,  broken  across  its  body,  and  the  synipliysis  is  seldom 
torn  through.  When  one  side  of  the  pelvis  is  thus  broken  away  from  the  rest 
of  the  bone,  it  and  the  attached  lower  extremity  are  necessarily  connected 
with  the  rest  of  the  body  only  by  the  soft  parts  that  connect  the  pelvis  to  the 
spinal  column  and  trunk.  These  are  consequently  liable  to  severe  stretching, 
laceration,  and  other  injury. 

In  some  cases,  portions  of  the  crest  of  the  ilium  only  are  detached.  In 
others,  the  rami  in  front  may  be  broken  without  corresponding  posterior 
fracture.  Such  injuries  can,  however,  arise  only  from  gun-shot-wounds  or 
similar  forms  of  direct  violence.  When  the  fracture  residts  from  a  crush, 
double  fracture,  back  and  front,  must  necessarily  occur. 

The  main  and  immediate  danger  in  fracture  of  the  pelvis,  indeed,  is  due  to 
the  concomitant  or  consequent  injury  to  the  very  important  soft  parts  con- 
tained within  its  cavity.  ]\[usclcs,  nerves,  and  blood-vessels  may  be  stretched 
or  torn.    The  bladder  may  be  wounded  by  a  spiculum  of  bone  from  the  pubes 


Fig.  223. — Fracture  of  the  Tolvis  througli  Rami  in  fimit,  ami  Sacro-iliac  .syiiclioiidrosi.s  behind. 

or  ischium  ;  or  the  urethra  may  be  torn,  perhaps  completely  across,  from  the 
same  cause.  When  the  urethra  is  torn,  a  slight  oozing  of  blood  will  usually 
be  obser^-ed  at  its  orifice,  with  possibly  much  and  deep  ccchymosis  of  the 
perinaaum. 

The  nature  of  the  injury  is  usually  apparent  from  tlie  great  degree  of  direct 
violence  that  has  been  inflicted  upon  the  part ;  from  the  pain  that  the  patient 
experiences  in  moving  or  in  coughing ;  from  the  inability  to  stand,  in 
consequence  of  a  feeling  as  if  the  body  were  falling  to  pieces  when  he  attempts 
to  do  so  ;  and  from  the  ready  mobility  of  the  jiart  and  crepitus  on  seizing  the 
brim  of  the  pelvis  on  each  side  and  moving  it  to  and  fro,  or  on  rotating  the 
thigh  of  the  affected  side.  In  examining  a  patient  with  suspected  fi-acture  of 
the  pelvis,  care  should,  however,  be  taken  not  to  push  the  investigation  too 
closely,  lest  injury  be  inflicted  by  the  movement  of  the  fi-agmcnts.  In  those 
cases,  indeed,  in  which  the  fracture  does  not  extend  completely  across  the 
pelvis,  or  in  which  it  is  seated  in  the  deeper  parts  of  the  ischium,  an  exact 
diagnosis  may  be  very  difficult,  and  should  not  be  attempted. 

Treatment. — As  the  great  danger  in  fracture  of  the  pelvis  consists  in  the 
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possibility  of  the  bladder  ha\ang  been  wounded,  or  the  urethra  torn,  the  first 
thing  to  be  done  is  to  pass  a  gum-catheter.  If  the  urine  comes  clear,  it  may 
be  concluded  that  the  urinary  apparatus  has  not  been  injured,  and  the  catheter 
may  be  withdrawn.  If  it  is  bloody,  the  catheter  must  be  tied  in,  and  an 
india-rubber  tube  applied  by  which  the  urine  may  drain  away.  The  next 
thing  is  to  keep  the  part  perfectly  quiet,  so  as  to  bring  about  union.  With 
this  view,  a  padded  belt,  or  a  broad  flannel-roller,  should  be  tightly  applied 
round  the  pelvis,  the  patient  lying  on  a  hard  mattress.  The  knees  may  then 
be  tied  together,  and  a  leather-  or  gutta-percha-splint  moulded  to  the  hip  of 
the  side  alfocted,  so  as  to  keep  the  joint  quiet,  and  to  prevent  all  displacement 
of  the  fragment.  If  the  urethra  have  been  lacerated,  it  must  be  borne  in 
mind  that,  however  completely  the  patient  may  recover  from  the  fracture, 
he  will  most  certainly  eventually  become  the  subject  of  the  most  troublesome 
and  intractable  form  of  urethral  stricture — the  traumatic. 

Period  of  TTnion. — Bony  union  usually  takes  place  in  the  pehas  about  the 
end  of  the  sixth  week.  The  patient  must,  therefore,  be  kept  on  his  back  with 
absolute  immobility  and  fixity  of  the  limb  on  the  injured  side,  for  at  least 
seven  to  eight  weeks.  He  may  then,  wearing  a  padded  belt,  move  on  crutches, 
but  must  not  be  allowed  to  bear  any  weight  on  the  foot  of  the  affected  side  for 
some  weeks  more,  lest  the  detached  fragment  be  pushed  upwards.  However 
good  the  union  may  be,  lameness  is  apt  to  result  from  the  injury  inflicted  on 
the  psoas  and  iliacus  muscles,  and  those  that  closely  bind  the  thigh  to  the 
pelvis,  such  as  the  pectineus,  the  obturators,  &c. 

Fracture  of  the  Acetabulum  is  an  accident  that  can  occur  only  as  the 
result  of  very  great  violence  directly  applied  to  the  hip.  It  may  take  place  in 
two  situations  ;  either  through  the  floor  of  the  cavity,  or  only  through  the 
rim,  a  portion  of  which  is  detached.  It  is  probably  occasioned  in  most 
instances  by  the  head  of  the  thigh-bone  being  driven  forcibly  against  the 
surface  of  the  acetabulum.  Hence,  when  the  rim  is  broken,  it  is  usually  the 
posterior  part  that  is  detached,  and  the  head  of  the  femur  slips  out  upon  the 
dorsum  ilii. 

Fracture  through  the  floor  of  the  acetabulum  is  usually  complicated  with 
such  extensive  comminution  of  the  pelvic  bones  and  serious  internal  injury,  as 
to  be  followed  by  death.  In  the  University  College  Museum  is  a  preparation  of 
a  fracture  of  the  acetabulum,  with  comminution  of  its  floor  and  of  the  ilium.' 
Sanson  and  Sir  A.  Cooper  have  seen  the  bone  resolved  into  its  three  primitive 
parts  ;  and  in  some  cases  the  comminution  has  been  so  great  that  the  head 
of  the  femur  has  been  thrust  into  the  pelvic  cavity. 

In  such  extensive  and  grave  injuries  as  these,  the  Surgeon  can  do  little 
more  than  support  the  pelvis  with  a  padded  belt,  and  place  the  limb  on  a 
long  splint. 

When  a  portion  of  the  rim  of  the  acetabulum  is  detached,  as  the  result  of 
direct  violence,  the  head  of  the  femur  will  slip  out  upon  the  dorsum  ilii,  and 
the  signs  of  one  of  the  forms  of  dorsal  dislocation  manifest  themselves.  In  a 
case  of  this  kind,  which  was  under  my  care  at  the  Hospital  in  a  muscular  man 
aged  about  thirty,  the  shortening  and  inversion  of  the  limb  and  displacement 
of  the  head  of  the  bone  towards  the  sciatic  notch,  were  all  well  marked. 
Traction  readily  eftccted  reduction,  with  distinct  crepitus  ;  but,  as  soon  as 
extension  was  discontinued,  the  head  of  the  bone  slipped  back  into  its  former 
position.    The  diagnosis  in  this  case  was  made,  and  in  similar  instances  may 
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readily  be  eifocted,  by  attention  to  three  circumstances : — the  dislocation,  its 
ready  reduction  with  crepitus,  and  its  immediate  return  when  the  limb  is  left 
to  itself. 

The  Treatment  gonsists  in  the  application  of  the  long  sphnt  with  a  broad 
padded  belt,  so  as  to  secure  steadiness  of  the  head  of  the  bone.  But  with 
every  care  a  return  of  displacement  will  readily  take  place,  and  an  unsatis- 
factory result  can  scarcely  be  avoided ;  shortening-  of  the  limb,  and  consequent 
lameness,  being  almost  inevitable. 

Fractures  of  the  Sacrum  are  excessively  rare,  except  as  the  result  of 
gun-shot-injury.  When  occurring  from  other  causes,  such  as  falls,  they  are 
almost  invariably  associated  with  fracture  of  the  pelvic  bones,  and  then  they 
have  always  been  fatal.  The  records  of  surgery  contain  but  a  very  few  obser- 
vations, probably  not  more  than  six  or  eight,  of  uncomplicated  ft-acture  of  the 
sacrum  arising  from  other  causes  than  gun-shot.  I  have  had  two  cases  of 
fracture  of  the  sacrum  under  my  care.  Both  had  a  rapidly  fatal  issue.  In 
one  there  was  also  fracture  through  the  pubic  bone  ;  in  the  other,  the  sacrum 
was  the  only  bone  injured.  In  it,  the  fracture  was  the  result  of  a  blow  on  the 
lower  part  of  the  back  by  the  buffer  of  a  railway  carriage.  The  preparation  is 
in  the  University  College  Museum.  The  only  other  ]3reparatiou  with  which  I 
am  acquainted,  is  one  in  the  Museum  of  the  College  of  Surgeons.  These  frac- 
tures are  almost  invariably  transverse,  with  displacement  forwards  of  the  upper 
margin  of  the  lower  fragment.  This  was  the  case  in  both  the  instances  under 
my  care  ;  but  Richeraud  has  published  a  case  in  which  this  bone  was  split 
vertically  in  consequence  of  a  fall  on  the  face  ;  and  its  crucial  and  multiple 
fracture  have  been  described  by  others.  The  injury  can  necessarily  arise  only 
from  direct  A'iolence  of  a  severe  character,  and  is  attended  by  much  extravasa- 
tion and  pain,  together  with  neuralgia  along  the  course  of  the  posterior  sacral 
nerves,  which  may  be  implicated  in  or  irritated  by  the  fi-acture.  The  IVcatment 
is  as  for  fractured  pelvis,  and  should  consist  in  the  application  of  a  padded 
pelvic  band. 

The  Coccyx,  though  more  exposed,  is  seldom  broken.  But  fracture  of  it 
may  occur  from  falls  backwards,  or  from  direct  blows  on  the  part,  the  tip 
being  bent  forcibly  forwards,  and  the  elements  of  the  bone  separated.  The 
disj)lacement  forwards  is  maintained  by  the  action  of  the  coccygei.  The  pain 
m  these  cases  is  excessively  severe,  owing  to  the  bruising  of  the  ligamentous 
and  tendinous  expansions  that  cover  the  bone.  It  is  greatly  increased  in 
sitting  and  walking,  and  in  defsecation,  or  in  any  violent  expiratory  effort,  as 
sneezing  or  coughing.  It  is  sometimes  removed  on  reducing  the  fractured 
and  displaced  fragments  by  pressure  through  the  rectum,  but  may  continue 
for  months,  and  even  longer,  constituting  a  truly  neuralgic  affection  of  the 
part.  South  relates  the  case  of  a  gentleman  who  broke  his  coccyx  by  sitting 
on  the  edge  of  a  snuff-box,  and  who  suffered  such  severe  pain  that  he  was 
obliged  to  wear  a  pad  on  the  tuberosity  of  each  ischium,  in  order  that  the 
coccyx  might  be  in  a  kind  of  pit,  free  fi-om  pressure  when  he  sat. 

Under  the  term  Coccydynia,  Sir  J.  Y.  Simpson  has  described  a  painful 
affection  of  the  coccyx  and  its  neighbouring  structures,  which  occurs  chiefly  in 
women,  commonly  as  the  result  of  injury,  and  is  often  very  severe  and  per- 
sistent, so  as  to  prevent  the  patient  from  sitting,  or  even  walking  with  comfort. 
It  is  an  affection  that  closely  resembles  in  its  symptoms  the  pain  occasioned  by 
fissure  or  ulcer  of  the  anus  and  rectum.    It  usually  arises  from  a  blow  on  the 
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part.  It  appears  sometimes  to  originate  independently  of  external  violence, 
and  is  then  probably  due  to  retroversion  of  the  uterus. 

In  some  cases  the  coccyx  may  be  in  its  normal  position,  but  in  others  the 
■whole  bone  is  found  to  have  been  displaced  by  the  injury  wliich  caused  the 
affection,  and  to  be  projecting  forwards  almost  at  right  angles  to  the  sacrum. 
It  can  be  felt  from  the  rectum,  causing  a  distinct  projection  into  the  bowel. 
It  is  maintained  in  its  abnormal  position  chiefly  by  the  action  of  the  coccygei. 
This  condition  is  in  fact  rather  a  dislocation  than  a  fi-acture.  The  bone  can 
easily  be  forced  into  its  normal  jjosition  with  the  finger  fi-om  within  the  rectum, 
but  it  returns  ag-ain  to  its  former  position  immediately  the  pressure  is  removed. 

The  Treatment  recommended  by  Sir  J.  Y.  Simpsoii  consists  in  the  free 
subcutaneous  division,  l)y  means  of  a  tenotome,  of  the  muscular  and  tendinous 
structures  connected  with  the  coccyx.  The  section  of  these  structures  is 
made  first  on  one  side,  then  on  the  other,  and  finally  around  the  tip,  so  as 
completely  to  isolate  the  bone.  I  have  often  performed  this  operation,  and 
have  as  often  as  not  been  disappointed  in  the  results.  When  it  succeeds  the 
good  effects  are  immediate.  AVhen  it  fails  it  has  been  recommended  to 
remove  the  bone  by  a  longitudinal  incision  over  its  middle,  exposing  its  poste- 
rior surface.  This  operation  is  fi'ee  from  danger,  but  most  uncertain  in  its 
results. 

Fractures  of  the  Thigh-Bone  are  of  great  practical  interest,  from  their 
frequency  and  severity.  They  may  occur  in  the  Upper  Articular  End  of  the 
bone,  in  its  Shaft,  or  in  its  Lower  End.  In  these  different  situations,  every 
l^ossible  variety  of  fracture  is  often  met  with. 

1.  Fractures  of  the  Pelvic  End  of  the  Bone  may  be  divided  into  those 
that  occur  ihrovgU  the  Neck  Wifln'n  the  Ccqisule  of  the  joint,  those  that  occur 
Outside  tie  Capmte,  and  those  that  implicate  the  Trochanters  alone. 

Intracapsular  Fracture  of  the  Neck  of  the  Thigh-Boue  may  be  either 
simple,  the  bone  being  merely  broken  across  ;  or  impacted,  the  lower  portion 
of  bone  being  driven  into  the  upper  fragment. 

This  intracapsular  fracture  jnay  almost  be  looked  upon  as  a  special  injury  of 
advanced  life,  being  but  seldom  met  with  in  persons  under  fifty.  Thus  Sir  A. 
Cooper  states  that,  of  251  cases  with  which  he  met  in  the  coui'se  of  his 
practice,  only  two  were  in  persons  below  this  age.  It  may,  however,  happen 
at  an  early  period  of  life  ;  Stanley  has  recorded  the  case  of  a  lad  of  eighteen, 
who  met  with  this  injury,  and  Hamilton  has  described  it  as  occurring  in  a  girl 
aged  sixteen  and  in  a  man  aged  twenty-five.  A  remarkable  circumstance  in 
connection  with  this  accident  is,  that  it  commonly  happens  fi-om  very  slight 
degrees  of  violence,  indeed  almost  spontaneously.  Thus,  the  jarring  of  the 
foot  in  missing  a  step  in  going  downstairs,  catching  the  toes  under  the 
carpet,  tripping  upon  a  stone,  or  entanghng  the  foot  in  turning  in  bed,  are 
sufficient  to  occasion  it.    Women  are  most  liable  to  this  injury. 

Cause. — The  occurrence  of  this  fracture  in  old  age  is  owing  "indirectly  to  the 
changes  in  structure,  shape,  and  position  of  the  head  and  neck  of  the  femur 
with  advancing  years.  The  cancellous  structure  of  these  parts  becomes  ex- 
panded, the  spaces  large,  loose,  and  loaded  with  soft  fat.  The  compact  structure 
becomes  thinned,  and  proportionately  weakened,  especially  about  the  middle 
and  under  part  of  the  neck,  which,  appearing  to  yield  to  the  weight  of  the 
body,  is  shortened  ;  and,  instead  of  being  oblique  in  its  direction,  becomes 
horizontal,  inserted  nearly  at  a  right  angle  into  the  shaft.    In  consequence  of 
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these  changes  iu  structure  and  position,  it  becomes  less  able  to  bear  any  sudden 
shock  by  which  the  weight  of  the  body  is  thrown  upon  it,  and  snaps  under  the 
influence  of  very  sh'ght  degrees  of  violence.  When  it  breaks,  the  capsule  may 
remain  uninjured,  but  the  prolongation  of  it  which  invests  the  neck  of  the 
bone  is  usually  torn  through.  In  some  cases,  however,  this  cervical  reflection 
is  not  ruptured,  the  lower  portion  of  it,  especially,  often  remaining  for  some 
length  of  time  untorn,  at  last,  however,  giving  way  under  the  influence  of  the 
movements  of  the  limb,  or  from  inflammatory  softening.  As  the  violence 
occasioning  the  fracture  is  generally  but  slight,  and  as  the  vascularity  of  this 
portion  of  the  bone  is  trifling  in  old  people,  there  is  but  little  extravasation 
of  blood. 

The  fragments  are  almost  always  so  separated  that  the  fractured  surfaces 
are  not  in  apposition  :  the  upper  end  of  the  lower  fragment  is  drawn  above 


Fig.  224.— Intracapsular  Fracture  of  the  ture  of  the  Neck  of  Oie 

Neck  of  the  Femur.  Thigh-Hone. 

and  behind  the  head  of  the  bone,  and  at  the  same  time  is  twisted  so  that  its 
broken  surface  loolcs  forwards.  The  head  remains  in  the  acetabulum,  attached 
by  the  ligamentum  teres,  and  sometimes  preserving  a  connection  with  the 
lower  fragment,  through  the  medium  of  some  untorn  portions  of  the  fibrous 
membrane  investing  the  neck.  R.  W.  Smith  has  observed,  that  in  some 
instances  the  two  fragments  become  interlocked  or  dovetailed  as  it  were 
into  one  another,  in  consequence  of  the  line  of  fracture  being  irregular  and 
dentated. 

Signs.— These  are,  alteration  in  the  shape  of  the  hip,  crepitus  and  pain  at 
the  seat  of  injury,  and  inability  to  move  the  limb,  with  shortening  and  eversion 
of  it.  These  we  must  consider  separately,  as  important  modifications  of  each 
are  sometimes  noticed.  From  the  indirect  nature  of  the  violence  which  caused 
the  injury  there  are  no  signs  of  superficial  bruising  over  the  hip. 

The  Alteration  in  the  Shape  of  the  Hip  is  evidenced  by  some  flattening 
of  the  part,  the  trochanter  not  being  so  prominent  as  usual.    This  process  is 
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also  approximated  to  the  crest  of  the  ilium  ;  and,  on  rotatin^^  the  limb, 
it  is  felt  to  move  to  and  fi-o  under  the  hand,  not  describing  the  segment 
of  a  circle  so  distinctly  as  on  the  sound  side.  The  circle  described  by  the 
trochanter  on  the  injured  side  is  much  smaller  than  that  on  the  sound  side. 
In  the  sound  limb,  the  trochanter  describes  the  segment  of  a  circle  having  a 
radius  equal  to  the  length  of  the  head  and  neck  of  the  bone  ;  on  the  injured 
side,  the  circle  has  a  radius  equal  only  to  the  length  of  that  portion  of  the 
neck  that  still  remains  attached  to  the  shaft  of  the  bone.  During  this 
examination  crppitus  will  usually  be  felt,  though  this  occasionally  is  very 
indistinct  and  even  absent,  more  especially  if  the  limb  be  not  well  di'awn 
down  at  the  time  it  is  rotated,  so  as  to  bring  the  fractured  surfaces  into 
apposition  ;  and  much  2'>ci'in  is  produced  by  any  movement  of,  or  pressure  upon, 
the  joint. 

The  Attitude  of  the  Limb  is  so  peculiar,  as  in  general  to  indicate  at  once 
to  the  Surgeon  what  has  happened.  There  is  a  striking  appearance  of  help- 
lessness about  it.  As  the  patient  is  lying  on  his  back  in  bed,  it  is  everted  ; 
shortened  somewhat,  Avith  the  knee  semi-flexed  ;  on  requesting  him  to  lift  it 
up,  he  makes  ineffectual  attempts  to  do  so,  and  at  last  ends  by  raising  it  with 
the  toe  of  the  opposite  foot,  or  with  his  hands.  When  he  is  taken  out  of  bed 
and  placed  upright,  the  injured  limb  hangs  uselessly,  with  the  toes  pointing 
downwards,  and  the  heel  raised  and  pointing  to  the  inner  ankle  of  the  sound 
side,  the  patient  being  unable  to  rest  upon  it  (Fig.  225).  In  some  cases,  how- 
ever, after  the  fracture  has  occurred,  the  patient  can  lift  the  limb  somewhat, 
but  with  much  exertion,  from  the  couch  on  which  he  is  lying ;  or  can  even 
manage  to  walk  a  few  paces,  or  to  stand  for  a  few  minutes  upon  it,  with  much 
pain  and  difficulty.  This  is  owing  either  to  the  cervical  reflection  of  the  capsule 
being  untorn,  or  else  to  the  fragments  not  being  separated,  having  become 
locked  into  one  another  ;  and  it  usually  occurs  in  those  cases  in  which  the 
other  and  more  characteristic  signs  of  this  fracture  are  not  well  marked. 

Eversion  of  the  limb  is  almost  an  invariable  accompaniment  of  this  fracture. 
It  is  most  marked  in  those  cases  in  which  the  shortening  is  most  considerable. 
This  eversion  has  usually  been  attributed  to  the  action  of  the  external  rotator 
muscles,  which  are  inserted  into  the  upper  end  of  the  lower  fragment.  But 
I  cannot  consider  this  as  the  only,  or  indeed  the  principal  cause  of  this  position  ; 
for,  not  only  is  it  very  difficult  to  understand  how  these  muscles  can  rotate 
the  limb  outwards  after  their  centre  of  motion  has  been  destroyed  by  the 
fracture  of  the  neck  of  the  femur,  their  action  being  rather  in  a  direction 
backwards  than  rotatory  under  these  circumstances  ;  but  we  find  that  the 
limb  falls  into  an  everted  position  in  those  cases  in  which,  the  fracture  beino- 
in  the  shaft,  and  altogether  below  the  insertions  of  these  muscles,  no  influence 
can  be  exercised  by  them  on  the  lower  fragment.  I  look  upon  eversion  in 
cases  of  fractured  thigh  as  not  being  a  result  of  muscular  action  at  all,  but 
simply  the  natural  attitude  into  which  the  limb  falls  when  left  to  itself.  Even 
in  the  sound  state,  eversion  takes  place  spontaneously  whenever  muscular 
action  is  relaxed,  as  during  sleep,  in  paralysis,  or  in  the  dead  body  ;  and  in 
the  injured  limb,  in  which  there  is,  as  it  were,  a  suspension  of  muscular  action, 
it  will  occur  equally.  Indeed,  the  shortening  that  takes  place  will  specially 
tend  to  relax  the  external  rotators,  and  thus  still  more  prevent  their  influencing 
the  position  of  the  hmb.  ^ 

Inversion  of  the  foot  in  cases  of  intracapsular  fracture  has  been  sometimes 
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noticed.  I  have  seen  two  instances  :  Smith,  Stanley,  and  other  Surgeons,  have 
also  recorded  cases.  This  deviation  from  the  usual  symptoms  of  this  injury 
has  been  attributed  by  some  to  the  cer\dcal  ligament  not  having  been  torn 
through  at  its  inner  side,  but  that,  as  Stanley  observes,  while  it  may  prevent 
aversion,  cannot  occasion  inversion  ;  by  others  to  the  fact  of  the  lower  frag- 
ment in  these  cases  being  found  always  in  front  of  the  upper  one.  This  cir- 
cnmstance,  which  is  much  insisted  on  by  K.  W.  Smith,  appears  to  me  to  be 
rather  the  result  than  tlie  cause  of  the  inversion  ;  for  any  traction  inwards  of 
the  lower  fragment  by  the  adductor  muscles  of  the  thigh  would  have  a  tendency 
to  draw  the  upper  end  of  this  fi-agment  to  the  anterior,  or  in  other  words,  the 
inner  side  of  the  upper  one.  I  am  rather  disposed  to  think  that  this  inversion 
is  owing,  in  some  cases  at  least,  to  the  external  rotators  being  paralysed  by  the 
violence  they  receive  from  the  injury  that  occasions  the  fracture,  and  that  thus 
the  adductors,  acting  without  antagonists,  draw  the  thigh  and  with  it  the  leg 
inwards.  In  both  instances  that  fell  under  my  observation,  and  in  some  of 
those  that  have  been  published,  the  fracture  resulted  from  severe  direct  injury 
to  the  hip,  and  was  not  occasioned  by  the  patient  jarring  his  foot,  or  by  any 
indirect  violence  operating  at  the  end  of  the  limb. 

The  Shortening  in  cases  of  fracture  within  the  capsule  seldom  exceeds,  in 
the  first  instance,  from  half  an  inch  to  an  inch,  depending  on  the  extent  of  the 
separation  between  the  fragments  ;  it  cannot,  indeed,  in  the  early  periods  of 
the  fracture,  veiy  well  exceed  the  width  of  the  neck  of  the  bone,  as  the  capsule 
is  usually  not  torn  through.  After  the  fracture  has  existed  some  time,  the 
capsule  of  the  joint  may  yield,  allowing  greater  separation  between  the  frag- 
ments, and  then  it  may  amount  to  two,  or  even  two  and  a  half  inches.  It  not 
uncommonly  happens  that  the  shortening,  which  is  at  first  but  very  slight, 
about  half  an  inch,  suddenly  increases  to  an  inch  or  more  ;  this  is  accounted 
for  on  the  supposition  of  the  cervical  ligament,  which  had  not  been  at  first 
completely  ruptured,  at  last  giving  way  entirely  ;  or  it  may  be  owing  to  the 
fragments  which  were  originally  interlocked  becoming  separated.  It  is  in  those 
cases  in  which  there  is  but  slight  separation  of  the  fragments,  and  consequently 
little  shortening,  that  the  other  signs  of  fracture  are  not  very  strongly 
marked,  and  that  the  patient  preserves  some  power  over  the  movements  of 
the  limb. 

The  Constitutional  Disturbance  in  intracapsular  fracture  of  the  neck  of 
the  femur  in  old  people,  though  trifling  at  first,  often  eventually  becomes  con- 
siderable ;  and  the  injuiy  frequently  terminates  fatally,  from  the  supervention 
of  hypostatic  pneumonia,  an  asthenic  state  of  system,  or  sloughing  of  the  nates 
fi-om  confinement  to  bed  during  treatment.  Hence  this  injury  must  always  be 
considered  as  very  dangerous,  and  not  unfrequently  fatal. 

Mode  of  Union. — The  treatment  of  these  fractures  turns  in  a  great  measure 
upon  the  view  that  is  taken  of  their  mode  of  union,  and  on  the  constitutional 
condition  of  the  patient.  In  some  cases  no  union  occurs,  but  the  head  of  the 
bone  remains  in  the  acetabulum,  being  hollowed  into  a  smooth,  hard,  cup- 
shaped  cavity,  in  which  the  neck,  which  has  become  rounded  oflf  and  polished, 
is  received,  and  plays  as  in  a  socket.  In  the  great  majority  of  cases,  however, 
union  takes  place  by  fibrous  tissue.  This  is  owing  to  two  causes  ;  in  the  first 
place,  to  the  circumstance  (which  I  look  upon  as  the  most  important)  that  the 
fractured  surfaces  are  not  in  apposition  with  one  another  ;  and  secondly,  that 
the  vascular  supply  sent  to  the  head  of  the  bone,  consisting  only  of  the  blood 
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that  finds  its  way  throug-h  the  vessels  of  the  ligamentum  teres,  is  insufficient 
for  the  proper  production  of  callas. 

In  some  cases,  however,  bony  union  does  take  place.  This  can  happen 
only  when,  in  consequence  of  the  cervical  ligament  being  untorn,  or  the 
fracture  being  impacted,  the  surfaces  are  kept  in  some  degree  of  apposition, 
and  the  supply  of  blood  to  the  head  of  the  bone  is  speedily  augmented  by 
that  carried  to  it  through  the  medium  of  the  vascular  tissue  formed  between 
the  fragments  in  the  process  of  repair.  In  no  other  circumstance  is  it  probable 
that  osseous  union  takes  place  in  these  fractures  :  hence  the  infrequency  of  its 
occurrence,  there  being  in  all  probability  not  more  than  eighteen  or  twenty 
cases  on  record  as  having  thus  terminated  in  this  country.  When  bony  union 
does  take  place,  the  head  of  the  femur  will  usually  be  found  to  be  somewhat 
twisted  round  in  such  a  way  that  it  looks  towards  the  lesser  trochanter,  owing 
to  the  eversion  that  has  taken  jalace  in  the  lower  fi'agment. 

Treatment. — As  these  fractm'es  do  not  unite  by  bone  unless  the  fragments 
be  in  good  contact,  it  is  useless  to  confine  the  patient  to  bed  for  any  long- 
period,  if  the  signs,  especially  the  amount  of  sliorUning,  indicate  considerable 
separation  between  the  fragments,  or  if  the  patient  be  very  aged  and  feeble. 
In  these  circumstances,  leng-thened  confinement  to  bed  most  commonly  2)rove8 
fatal  by  the  depressing  influence  which  it  exercises  on  the  general  health, 
causing  hypostatic  pneumonia  or  inducing  bed-sores.  It  is  therefore  best  to 
keep  the  patient  in  bed  merely  for  two  or  three  weeks,  until  the  limb  has 
become  somewhat  less  painful,  and  the  tendency  to  muscular  spasms,  often 
very  distressing,  has  passed  away.  The  patient  should  be  laid  flat  on  the 
back,  on  a  fracture-bed  or  a  suitable  couch  properly  provided  with  a  pan  for 
the  reception  of  the  excreta.  This  is  most  important,  for  if  the  urine  and 
fgeces  be  passed  under  the  patient  so  as  to  wet  the  buttocks  bed-sores  will 
infallibly  result.  In  fact  the  utmost  attention  to  dryness  and  to  cleanliness 
is  needed  in  order  to  prevent  them.  The  knees  should  be  bent  at  an  angle 
of  45°  over  pillows  and  the  legs  tied  together.  At  the  end  of  from  two 
to  four  weeks  a  leather  sphnt  should  be  fitted  to  the  hip,  and  the  patient 
be  allowed  to  get  up  upon  crutches.  There  will  be  lameness  during  the 
remainder  of  life  ;  but,  with  the  aid  of  a  stick  and  properly  adjusted  splint, 
but  little  inconvenience  will  be  suffered. 

Another  mode  of  treatment  which  -^vill  be  found  extremely  useful  is  the  early 
apphcation  of  a  well-fitted  Thomas's  hip  sphnt.  (See  Diseases  of  Hip  Joint.) 
Until  the  splint  is  ready  the  patient  may  be  kept  in  bed,  either  Avith  the 
legs  bent,  as  before  described,  or  with  a  weight  extension  apparatus  (Fig. 
235)  to  diminish  shortening,  and  sand-bags  to  steady  the  limb  and  prevent 
eversion.  The  splint  may  safely  be  applied  at  the  end  of  a  fortnight,  and  the 
patient  may  then  leave  his  bed  and  move  about  on  crutches. 

When  the  fragments  do  not  appear  to  be  much  separated,  there  being  but 
little  shortening  and  indistinct  crepitus,  and  more  particularly  if  the  patient  be 
not  very  aged,  and  in  other  respects  sound  and  well,  an  attempt  may  be  made 
to  procure  osseous  or  at  least  close  hgamentous  union.  This  may  be  done  by 
the  application  of  the  long  thigh-splint,  in  the  same  way  as  for  a  fracture  of 
the  shaft ;  or,  if  this  cannot  very  readily  be  borne,  by  the  double  inclined 
plane,  with  a  padded  belt  strapped  round  the  hips.  This  apparatus  may  be 
replaced  by  a  Thomas's  hip  sphnt  at  the  end  of  a  month  or  five  weeks  and 
the  patient  allowed  to  get  up.    If  the  Thomas's  splint  cannot  be  obtained  or 
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cannot  be  Lome,  the  pntient  must  be  kept  in  bed  for  at  least  two  or  three 
months,  when  a  leather  splint  may  be  put  on,  and  he  may  move  al)out  on 
crutches.  During-  the  whole  of  the  treatment,  a  generous,  and  even  stimu- 
lating diet  should  be  ordered,  and  the  patient  kept  on  a  water-bed  or  cushion. 
In  these  fractures  of  the  neck  of  the  femur,  the  starched  bandage  will  often  be 
found  to  be  most  useful.  It  may  be  applied  as  in  fractured  thigh,  but  should 
have  additional  strength  in  the  sjnca  part,  and  indeed  may  be  provided  with  a 
small  pasteboard  cap  so  as  to  give  more  efficient  support.  When  the  patient 
begins  to  move  about,  great  comfort  will  be  derived  from  the  use  of  a  well- 
padded  leather  or  gutta-percha  case,  made  in  two  pieces,  one  for  the  hip,  the 
other  for  the  thigh,  united  by  a  hinge-joint,  which  can  be  set  fest  in  the  erect 
posture  by  dropping  a  slot  over  it.  When  this  is  raised  it  can  be  flexed,  and 
so  admit  of  the  patient  sitting  in  comfort.  In  old  people,  this  plan  of  treat- 
ment is  especially  advantageous,  as  it  enables  them  to  sit  up  or  even  to  walk 
about,  and  thus  prevents  all  the  ill  effects  of  long  confinement  in  bed. 

Impacted  Intracapsular  Fracture  is  a  rare  accident,  and  can  scarcely  be 
distinguished  from  a  similar  injury  outside  the  capsule.  In  it  the  upper  end  of 
the  neck  is  driven  into  the  cancellous  tissue  of  the  separated  head.  In  a  case 
under  the  care  of  Gay,  of  the  Massachusetts  General  Hospital,  which  is  recorded 
by  Bigelow,  the  nature  of  the  injury  was  proved  by  post-mortem  examination, 
death  having  occurred  from  pneumonia  at  the  end  of  two  weeks.  The  follow- 
ing were  the  symptoms.  The  patient,  aged  76,  fell,  striking  the  right  tro- 
chanter. He  thought  he  had  received  only  a  bruise,  and  crawled  upstairs  to 
bed  unaided.  Two  days  after,  when  admitted  to  the  hospital,  the  right  leg 
was  found  to  be  shortened  half  an  inch  ;  the  foot  was  everted,  and  could  not 
Tbe  inverted  beyond  the  perpendicular  ;  the  thigh  could  be  flexed  and  extended 
without  difficulty,  but  with  pain  ;  the  trochanter  was  less  prominent  than  that 
of  the  other  side.  Before  he  died  he  could  raise  his  foot  some  inches  from  the  bed 
without  assistance.  After  death  the  head  was  found  to  be  "  broken  from  the 
articular  extremitv  of  the  neck,  which  was  short  and  thick,  the  fracture  behind 
being  almost  at  the  line  of  junction  of  the  articular  cartilage  and  the  bone, 
while  in  front  it  ran  irregularly  across  the  neck  from  a  quarter  to  half  an  inch 
below  this  line.  The  head  was  bent  obliquely  backwards  and  downwards 
towards  the  lesser  trochanter — the  tilting  of  the  head  opening  the  fracture  on 
the  outside  of  the  neck — and  was  so  firmly  impacted  that  considerable  force 
was  required  to  withdraw  it."  Bigelow  records  also  a  case  under  the  care  of 
Cushing,  of  Dorchester,  U.S.A.,  in  which  the  exact  nature  of  the  impacted 
fracture  was  proved  by  examination  after  death,  v/hich  occurred  nearly  five 
years  after  the  accident.  The  patient  was  seventy  years  of  age.  The  fracture 
closely  resembled  that  just  described,  and  union  had  taken  place  by  bone.  It 
is  evident  that  these  cases  cannot  be  distinguished  during  life  from  impacted 
fractures  of  any  other  part  of  the  neck.  The  treatment  is  the  same  as  that  of 
extracapsular  impacted  fracture. 

Extracapsular  Fracture  of  the  Neck  of  the  Thigh-Bone  is  commonly 
met  with  at  an  earlier  period  of  life  than  the  injury  which  has  just  been 
described,  being  most  fi-equent  between  the  ages  of  thirty  and  forty,  but  it  is 
met  with  also  at  advanced  periods  of  life.  It  is  the  result  of  the  application 
of  direct  violence  to  the  hip,  and  is  equally  common  in  both  sexes.  In 
young  subjects  it  occurs  only  as  a  consequence  of  great  violence,  but  in  old 
people  it  may  result  from  a  simple  fall  on  the  hip. 
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This  fi-cictnre  may  be  of  two  kinds  ;  the  simple,  or  the  impacted.  In  both 
cases  the  neck  of  the  bone  is  commonly  broken  at,  or  immediately  outside,  the 
insertion  of  tlie  capsule  of  the  joint.  The  fracture  is  almost  invariably  com- 
miuntcd  wl\en  it  occurs  in  a  youno:  subject  or  as  the  result  of  great  violence. 

Indeed,  I  have  never  seen  a  case  of  this  kind  in  which 
the  great  trochanter  was  not  either  detached  or 
splintered  into  several  fragments.  In  many  instances 
the  lesser  trochanter  is  detached,  and  the  upper  end 
of  the  shaft  injured  (Fig.  226).  This  splintering  of 
the  trochanter  is  owing  to  the  same  violence  that 
breaks  the  bone,  forcing  the  lower  end  of  the  neck  into 
the  cancellous  structure  of  this  process,  and  thus,  by  a 
wedge-like  action,  breaking  it  into  fragments.  When 
the  neck  continues  locked  in  between  these,  we  have 
the  impacted  form  of  fracture.  In  older  subjects, 
however,  whose  bones  are  atrophied  and  softened  by 
Fig.22c.-snnpioExt.acapsx,-  ^gc,  it  is  commou  to  meet  with  extracapsular  impac- 
lav  Fraeture  f)f  the  Neck  of  ted  fracturcs  witliout  auy  Splintering  of  the  trochanter. 

the    Thi^'h-15(ine  :    Detach-         „,  p       ,  i        c      ',  t 

ment  of  the  Trociianter.  llh.Q  Stcpis  of  extracapsular  f  racturc  varv  accordi ug. 

as  it  is  simple  or  impacted  ;  ljut  in  both  cases  they 
partake  of  the  general  character  of  those  of  fracture  within  the  capsule.  The 
individual  signs,  however,  present  certain  well-marked  differences. 

The  hip  will  usually  be  found  much  bruised  and  sivollen  from  extravasation 
of  blood,  which  is  often  considerable. 

In  the  unimpacted  fracture,  the  crepitus  is  very  distinct  and  loud,  being 
readily  felt  on  laying  the  hand  upon  the  trochanter,  and  moving  the  limb. 
The  sejtarate  fragments  into  which  the  trochanter  is  splintered  may  occa- 
sionally be  felt  to  be  loose.  The  jiain  is  very  severe,  and  greatly  increased  by 
any  attempt  at  moving  the  joint,  which  to  the  patient  is  impossible.  The 
eversion  is  usually  strongly  marked,  and  the  position  of  the  limb  is  charac- 
teristic of  complete  want  of  power  in  it.  Inversion  occurs  more  frequently 
in  this  fracture  than  in  that  within  the  capsule.  Smith  finds  that  of  7  cases  of 
inversion  of  the  limb  in  fractures  of  the  neck  of  the  femur,  5  occurred  in  the 
extracapsular  fracture  ;  and  of  15  cases  of  intracapsular  fracture,  this  condition 
was  met  with  in  3.  When  there  is  much  comminution  of  the  trochanter,  the 
foot  will  commonly  remain  in  any  position  in  which  it  is  placed,  but  generally 
has  a  tendency  to  rotate  outwards.  The  shorte?iing  of  the  limb  is  very  con- 
siderable, being  never  less  than  from  an  inch  and  a  quarter  to  two  inches  and 
a  half,  or  three  inches. 

In  the  extracapsular  fracture  of  the  neck  of  the  femur,  death  not  uncommonly 
results  from  the  severity  of  the  injury,  the  pain  and  irritation  of  the  fi-acture, 
and  the  consequent  shock  to  the  system.  The  great  extravasation  of  blood  into 
the  tissues  of  the  limb  has  been  known  to  be  sufiicient  to  account  for  the  fatal 
result.  When  the  patient  lives,  bony  union  takes  place,  large  irregular  stalac- 
titic  masses  being  commonly  thrown  out  by  the  inferior  fragment,  so  as  to  over- 
lap the  several  splinters  of  bone  and  thus  give  the  appearance  of  great  thick- 
ening and  projection  of  the  trochanter.  This  callus  is  most  abundant  pos- 
teriorly in  the  intertrochanteric  space  (Fig.  230). 

The  Impacted  Extracapsular  Fracture  of  the  neck  of  the  thigh-bone 
occurs  when,  in  consequence  of  a  heavy  fall  on  the  hip,  the  neck  is  broken 
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across  at  its  root,  and  the  upper  fragment  is  driven  into  the  cancellons  struc- 
ture of  the  lower  one,  often  splitting  up  and  detaching  the  trochanter  (Figs. 
'221,  228).  It  is  not  an  uncommon  accident  about  middle  life,  and  even  in  old 
age.  Its  most  common  cause  is  a  sudden  severe  fall,  as  upon  the  ice  in 
skating. 

^  The  Signs  of  this  form  of  fracture  are  often  somewhat  negative,  rendering  its 
diagnosis  extremely  difficult.  There  is  pam  about  the  hip,  with  eversion  of 
the  foot.  The  degree  of  eversion  varies  considerably  ;  sometimes  it  is  so  great 
that  the  outer  side  of  the  foot  can  scarcely  be  raised  from  the  bed  without 
giving  the  patient  intense  pain,  and  in  other  cases  it  can  be  recognized  only  by 
the  limitation  of  inversion  when  contrasted  with  the  opposite  limb.  There  is 
slight  shm'tening,  usually  about  half  an  inch,  and  never  exceeding  one  inch, 
and  occasionally  as  little  as  a  quarter  of  an  inch.  As  a  rule,  there  is  no  crejntus. 
but  occasionally,  owing  to  the  looseness  of  the  impaction,  some  may  be  obtained 


Figs.  227,  22s. — Sections  of  Impacted  Extracapsular  Fractures  of  Neck  of  Femur  ;  sliowing 
the  degree  of  Imi)actiou  and  of  Splintering  in  dill'erent  cases. 


with  difficulty.  When  the  impaction  is  firm,  the  patient  can  raise  the  foot  a 
few  inches  off  the  couch  on  which  it  is  laid,  and  even  walk  a  short  distance 
upon  it  with  a  hobbling  motion,  though  with  much  pain.  Some  flattening 
over  the  trochanter  is  usually  perceptible  ;  sometimes  an  increase  in  breadth 
from  before  backwards.  In  consequence  of  the  impaction  the  limb  cannot  be 
restored  by  traction  to  its  proper  length,  and  hence  incurable  lameness  always 
results  fi-om  this  injury. 

Pathology. — The  deformity  accompanying  this  injury  has  been  shown  by 
Bigelow  to  be  due  in  great  measure  to  the  anatomical  structure  of  the  femur. 
If  a  series  of  horizontal  sections  be  made  of  the  neck  of  the  bone,  "  it  will  be 
found  that  at  the  upper  part  the  anterior  and  posterior  walls  are  of  nearly 
equal  thickness,  but  that  as  we  approach  the  lower  surface,  the  anterior  wall 
becomes  of  great  thickness  and  strength,  while  the  posterior  wall  remains  thin, 
especially  at  its  insertion  beneath  the  posterior  intertrochanteric  ridge,  where 
it  is  of  the  thinness  of  paper."  The  result  of  this  is,  that  when  severe  direct 
violence  is  applied  to  the  trochanter  the  posterior  wall  yields,  crushes  up,  and 
becomes  impacted,  while  the  anterior  "  serves  as  a  sort  of  hinge  upon  which 
the  shaft  rotates  to  allow  the  posterior  impaction."  This  causes  the  rotation 
outwards.  The  shortening  Bigelow  explains  by  obliquity  of  the  neck  of  the 
femur,  which  causes  the  limb  to  be  shortened  in  proportion  to  the  rotation. 
That  this  is  the  true  explanation  of  the  deformity  in  all  the  slighter  cases  of 
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this  inj  ury  is  undoubtedly  true.  In  the  more  severe  crushes  of  the  trochanter, 
the  finterior  wall  of  the  neck  as  well  as  the  posterior  may  be  driven  amongst 
the  splintered  fragments. 

The  Trcaimont  of  the  extracapsular  fracture  may  very  conveniently  and 
efficiently  be  conducted  by  means  of  the  long  splint,  a  padded  belt,  if  necessary, 
being  strapped  firmly  round  the  hips  underneath  it  ;  or  the  plan  recommended 
by  Sir  A.  Cooper,  of  placing  the  patient  on  a  double  inchned  plane,  with  both 
feet  and  ankles  tied  together,  and  a  broad  belt,  well-padded,  firmly  strapped 
round  the  body,  so  as  to  press  the  fragments  of  the  trochanter  firmly  agaiust  one 
another,  will  be  found  an  excellent  mode  of  keeping  the  limb  of  a  proper  length, 
and  the  fragments  in  contact.  In  impacted  extracapsular  fracture  nothing  can 
be  done  to  diminish  the  deformity.  Solid  bony  union  always  takes  place,  even 
in  aged  subjects.  The  patient  remains  throughout  life  more  or  less  crippled, 
chiefly  by  the  cversion,  the  amount  of  shortening  being  of  little  consequence. 
The  patient  may  have  a  Thomas's  splint  applied  after  resting  in  bed  till  the 
sweHing  and  pain  have  subsided  ;  or  a  leather  splint  may  be  applied  at  the  end 
of  the  third  week,  and  he  may'be  allowed  to  move  about  on  crutches. 

The  Diagnosis  of  the  dilferent  forms  of  fracture  of  the  neck  of  the  thigh- 
bone from  one  another,  and  from  other  injuries  occurring  in  the  vicinity  of  the 


hip-joint,  is  a  matter  of  considerable  importance,  and  often  of  no  slight  diffi- 
culty. The  ordinary  method  of  measuring  the  limb  is  to  apply  one  end  of  the 
tape  to  the  anterior  superior  spinous  process  of  the  ilium,  and  the  other  to  the 
inner  malleolus.  The  two  limbs  must  be  put  as  accurately  as  possible  in  the 
same  position,  as  flexion  and  extension  will  considerably  alter  the  distance 
between  these  points.  Two  other  methods  have  been  recommended  for  more 
accurately  determining  the  position  of  the  trochanter,  both  of  which  are  of 
great  diagnostic  value  in  injuries,  whether  fractures  or  dislocations,  of  the  hip. 
The  first  is  known  as  Nekton's  line;  the  second,  as  Bryant's  ilio-femoral 
triangle. 

Nelaton's  Diagnostic  Line  (Fig.  231,  dark  line)  consists  of  a  line  drawn 
from  the  anterior  superior  spine  of  the  iliimi  to  the  tuber  ischii.  If  the  tro- 
chanter be  at  its  proper  level,  this  line  ought  to  touch  its  upper  border  when 
the  limb  is  straight.  The  importance  of  this  line  is,  that  when  the  head  of 
the  femur  is  in  its  normal  situation,  it  touches  the  summit  of  the  trochanter 


Fig.  220.— Union  in  Impacted  Extra- 
capsular Fractui-e  of  Neck  of  Femur. 


Fig.  230. — Im]iacted  Extracapsular  Fracture 
of  Keck  of  Femur :  Abundant  Formation 
of  Callus. 
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in  cveiy  deo-ree  of  flexion  or  extension  of  the  limb.  If  the  trochanter  be  dis- 
pluued  in  any  direction,  a  corresponding  change  in  its  relation  to  this  line  will 
ensue.    This  mode  of  measurement  is,  however,  open  to  the  fallacy  that 


Fig.  231.— Nelaton's  Line— <lark.   Bryant's  Ilio-femoral  Triangle— clotted. 

abduction  raises  the  trochanter  above  the  line,  and  adduction  brings  it 
below  it. 

Bryant's  Ilio-femoral  triangle  (Fig.  231,  dotted  line)  is  formed  by 
placing  the  patient  in  the  recumbent  position  ;  then,  drawing  a  line  ffom 
the  anterior  superior  spine  of  the  ilium  directly  backwards,  another  line  also 
from  the  anterior  superior  spine  obliquely  to  the  summit  of  the  trochanter,  and  a 
third,  or  the  base-line,  directly  upwards  from  this  to  the  first  line,  a  triangle 
will  thus  be  formed.  The  oblique  line  corresponds  to  the  first  part  of  Nelaton's 
line  (Fig.  231),  and  may  be  taken,  just  as  Nelaton's,  as  the  diagnostic  line  for 
dislocations  for  the  head  of  the  femur  backwards  ;  whilst  Bryant's  base-line  is 
the  test-line  for  all  cases  in  which  the  neck  of  the  femur  is  shortened,  or  the 
head  of  the  bone  thrown  upwards.  In  this  method  of  measuring  there  is  the 
same  fallacy — that  abduction  and  adduction  of  a  healthy  limb  would  alter  the 
length  of  the  base  line. 

Another  method  of  measurement  has  been  recommended  by  Giraud-Teulon 
which,  although  somewhat  complicated,  appears  to  be  free  from  all  source  of 
error.  It  is  founded  upon  the  fact  that  the  middle  of  Nelaton's  line  corresponds 
to  the  centre  of  the  acetabulum.  Any  shortening  of  the  femur  by  fracture,  or 
any  dislocation,  will  necessarily  alter  the  distance  between  the  lower  end  of  the 
femur  and  this  point.  The  measurement  is  thus  carried  out.  Find  the  distance 
from  the  anterior  superior  spinous  process  to  the  tuberosity  of  the  ischium, 
and  from  the  same  point  to  the  inner  condyle,  and  from  the  tuberosity  to  the 
inner  condyle.  Then  draw  a  triangle  on  a  sheet  of  paper,  the  three  sides  of 
which  are  equal  to  these  three  measurements  ;  find  the  middle  jDoint  of  the  line 
corresponding  to  the  measurement  between  the  tuberosity- and  the  spine,  and 
from  that  draw  a  line  to  the  apex  of  the  triangle.  This  line  corresponds  to 
the  distance  of  the  inner  condyle  from  the  centre  of  the  acetabulum,  and  must 
be  contrasted  with  a  similar  hue  obtained  by  measurement  of  the  sound  side. 
This  mode  of  measurement  is  most  useful  in  cases  of  dislocation  and  disease 
in  which  abduction  or  adduction  with  flexion  are  often  met  with. 

Whatever  mode  of  measurement  is  adopted,  the  Surgeon  must  never  neglect 
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to  examine  and  compare  the  two  sides  carefully  and  simultaneously,  with  one 
hand  on  each  hip. 

Between  the  unimpacted  intracapsular  and  the  ordinary  extraca^psular 
fi-actures  there  can  he  no  difficulty  in  diagnosis  ,•  ail  the  signs  of  the  latter 
being  much  more  strongly  marked  than  those  of  the  former  injury,  as  may  he 
seen  by  the  annexed  table,  the  difference  of  age  and  the  degree  of  Tioleuce 
required  to  break  the  bone  being  also  important  elements  in  the  diagnosis. 

Diagnosis  between  unimjiacted  Intra-  and  Extra-cap suJar  Fractures  of  the  Neclc 

of  the  Thigh-bone. 


Intracapsidar. 

1.  Cause  generally  slight  and  indirect,  sucli 
as  catching  the  foot  in  the  carjjet  or 
slipping  off  the  curb-stone. 

2.  Force  usually  applied  longitudinally  or 
obli(p;ely. 

3.  Age,  rarely  below  fifty  ;  most  commonly 
in  feeble  aged  persons. 

4.  Pain  and  constitutional  disturbance 
slight. 

5.  No  apparent  injury  to  soft  parts  about 
hip. 

6.  Crepitus  often  obscure. 

7.  Shortening,  at  first,  usually  not  more 
than  one  inch. 


Extracapsular. 

1.  Cause  usually  severe  and  direct  violence, 
such  as  failing  from  a  height  or  a  blow 
on  the  hip. 

2.  Force  usually  applied  transversely. 

3.  Age,  usually '  below  fif tj^ ;  chiefly  in 
vigorous  adults. 

4.  Pain  and  constitutional  disturbance 
usually  considerable. 

5.  Couside-i'able  extravasation,  ecchymosis, 
and  signs  of  direct  injiuy  to  hip. 

6.  Crepitus,  very  readily  felt. 

7.  Shortening  at  least  two  inches  or  more. 


The  distinction  between  intracapsular  fracture  and  the  imjjacted fracture  of  the 
necJc  is  also  easy.  In  the  former  case  the  crepitus  can  be  obtained  by  extending 
and  rotating  the  limb,  the  eversion  is  more  marked,  and  the  injury  occurs 
usually  from  indirect  violence  ;  in  the  latter,  traction  cannot  restore  the  limb 
to  its  proper  length,  crepitus  is  wanting,  and  the  fracture  is  always  the  result 
of  direct  violence  applied  to  the  trochanter. 

In  imjjacted  fractures  of  the  neck  of  the  femur  it  is,  as  a  rule,  impossible  to 
determine  whether  the  injury  is  within  or  without  the  capsule.  The  separation 
of  the  head  and  the  impaction  of  the  neck  into  it  occurs  only  in  old  people, 
and,  judging  from  the  few  recorded  cases,  the  shortening  and  eversion  are 
slight.  Fracture  of  the  root  of  the  neck  with  impaction  into  the  trochanter 
occurs  at  all  ages  after  middle  life.  Its  symptoms  vary  from  scarcely  ap- 
preciable displacement  to  extreme  eversion  with  one  inch  of  shortening. 
Should  the  trochanter  have  been  fissured  or  splintered,  this  may  be  ascertained 
on  careful  examination,  and  the  nature  of  the  injury  could  then  be  recognized 
with  certainty. 

Severe  contusions  of  the  hiiJ  are  sometimes  followed  by  eversion  of  the  limb 
with  inability  to  move  it,  so  that  at  first  sight  it  might  be  supposed  that  the 
bone  was  broken.  In  these  cases,  however,  the  absence  of  immediate  shortening 
and  crepitus  will  aways  establish  the  diagnosis.  But  though  no  immediate 
and  sudden  shortening  can  occur  without  fract-ure,  these  contusions  may  be 
followed  at  a  remote  period  by  shortening  of  the  hmb  from  atrophic  changes  in 
the  head  and  neck  of  the  femur.  When  the  injured  hip-joint  has  been  the 
seat  of  chronic  rheunuitic  arthritis,  and  the  limb  is  already  somewhat  shortened 
by  the  changes  that  occur  in  the  head  and  neck  of  the  femur  in  this  disease 
the  difficulty  of  diagnosis  becomes  great  ;  especially  as  there  may  also  be^ 
as  the  result  of  the  disease,  some  thickening  of  the  trochanter,  with  rouo-h 
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grating-,  almost  like  true  crepitus,  on  moving  the  joint.  Here,  however,  the 
history  of  the  case,  the  fact  of  the  shortenino-  not  being  of  recent  occurrence,  the 
possible  affection  of  other  joints  and  the  character  of  the  grating  will  be  sufii- 
cient  to  establish  the  nature  of  the  injury.  The  diagnosis  of  these  injuries 
from  dislocations  will  be  considered  in  a  subsequent  chapter.  Occasionally  the 
fracture  extends  through  the  trochanter  major  and  upper  part  of  the 
shaft  without  implicating  the  neck  of  the  bone.  Here  there  is  shortening  to 
about  three-fourths  of  an  inch,  or  an  inch,  with  much  eversion,  and  crepitus 
readily  felt.  This  fracture,  which  unites  firmly  and  well  by  bone,  must  be 
treated  in  the  same  M'ay  as  the  last. 

Compound  Fractures  of  the  Neck  of  the  Thigh-bone  can  occur  only 
from  bullet-wounds.  In  these  cases  the  choice  lies  between  amputation  at  the 
hip-joint,  resection  of  the  injured  portion  of  bone,  or  treating  the  case  as  an 
ordinary  compound  fracture.  The  choice  of  the  Surgeon,  for  reasons  stated 
at'p.  342,  lies  between  the  latter  two  alternatives,  which  are  the  only  ones  that 
afford  a  reasonable  hope  of  safety  to  the  patient. 

Fracture  of  the  Trochanter  Major,  by  which  this  process  is  broken  off 
from  the  rest  of  the  bone,  is  described  by  Sir  Astley  Cooper,  Aston  Key,  and 
Xelaton  as  being  always  the  result  of  direct  violence.  It  may  be  simple  or 
comminuted.  The  fragment  is  usually  drawn  upwards  and  backwards,  rarely 
forwards  ;  and  more  rarely  it  remains  fixed  by  fibrous  bands  in  its  normal  place. 
The  symptoms  are,  separation  between  the  fragments  ;  and  crepitus,  which 
is  most  readily  obtained  by  flexing  and  abducting  the  thigh  and  rotating  it  out- 
wards, at  the  same  time  that  the  fragments  are  firmly  pressed  together.  There 
is  no  shortening  of  the  limb.  The  exact  nature  of  the  injury  is  often  concealed 
by  the  swelling  from  extravasated  blood.  The  fracture  is  very  rare  without 
accompanying  fracture  of  the  neck. 

In  children  the  epiphysis  of  the  trochanter  has  been  known  to  be  separated  by 
direct  violence. 

2.  Fractures  of  the  Shaft  of  the  Thigh-bone  are  of  very  common 
occurrence,  every  possible  variety  of  the  injury  being  met  with  here.  They  are 
extremely  common  in  children,  forming,  according  to  Bruns,  one-quarter  of 
all  fractures  in  children  under  ten.  They  steadily  decrease  in  frequency  with 
age.  Excluding  fractures  of  the  neck,  one-third  of  all  fractures  of  the  femur 
occur  under  ten,  and  about  the  same  between  10  and  30. 

In  adults  they  are  always  oblique,  unless  they  are  the  result  of  direct  Aaolence  : 
in  children,  especially  when  the  child  is  very  young,  the  fracture  is  more  often 
transverse  or  nearly  so.  The  most  common  seat  of  fracture  from  indirect 
violence  is  the  middle  third,  and  the  obliquity  is  such  that  the  sharp  point  of 
the  upper  fragment  is  directed  forwards  and  outwards. 

The  Sifj7is  are  well  marked.  There  is  shortening,  usually  to  a  considerable 
extent,  with  e^-ersion  of  the  limb,  crepitus  readily  produced,  and  much  swelling 
from  the  approximation  of  the  attachments  of  the  muscles.  The  lower  frag- 
ment is  always  drawn  upwards,  and  somewhat  to  the  inner  side  of  the  upper 
one,  and  is  rotated  outwards.  When  the  fracture  is  at  or  above  the  middle  of 
the  thigh,  there  is  a  great  tendency  to  angular  deformity,  in  consequence  of 
the  projection  forwards  of  the  lower  end  of  the  upper  fragment.  In  all  cases 
there  is  this  forward  projection,  and  in  most  an  outward  displacement,  or 
abduction,  as  well  of  the  upper  fragment.  But  in  some  very  rare  cases,  it  is 
di'awn  inwards  as  well  as  forwards. 
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I  have  taken  three  opportunities  of  ascertaining  by  dissection  the  condition 
of  parts  that  leads  to  the  projection  forwards  and  lateral  displacement  of  the 
lower  end  of  the  npper  fragment  in  fracture  of  the  fe]nm\  The  first  case  was 
that  of  an  old  man  who  died  about  tlu'ee  hours  after  meeting  with  a  com- 
pound connninuted  fracture  of  the  middle  and  lower  thirds  of  the  right  thigh- 
bone, and  in  whom  this  displacement  of  the  upper  fragment  was  very  distinctly 
marked.  It  was  found  that  the  gluteus  maximus  and  medius  could  be 
divided  without  affecting  the  position  of  the  bone ;  but  when  the  gluteus 
minimus  was  cut  across,  it  yielded  somewhat.  The  pyrilbrmis  and  external 
rotators  were  now  felt  to  be  excessively  tense  ;  and,  on  cutting  these  across, 
the  end  of  the  fragment  could  at  once  be  drawn  inwards,  all  opposition 
ceasing.  The  projection  forwards  still  remained,  how'ever  ;  and  this,  which 
WM  evidently  due  to  the  tension  of  the  psoas  and  iliacus  muscles,  yielded  at 
once  on  dividing  them.  It  would  thus  appear  that  there  must  be  a  double 
displacement  of  the  upper  fragment ;  outwards,  depending  on  the  action 
of  the  external  rotators  ;  and  forwards,  owing  to  the  contraction  of  the  psoas 
and  iliacus  muscles. 

The  second  case  was  one  of  displacement  forwards  and  inwards.  It  W' as  that 
of  an  elderly  man,  who  died  of  internal  injuries  about  half  an  hour  after 
meeting  with  fracture  of  both  thigh-bones,  at  the  junction  of  the  upper  and 
middle  thirds,  by  the  passage  of  a  cart-wheel  across  the  thighs  and  body.  In 
this  case  nearly  the  same  conditions  were  presented  in  both  limbs.  On  the  left 
side  there  was  an  oblique  fractui'e,  with  shortening  to  the  extent  of  about  two 
inches  ;  the  upper  fragment  was  tilted  forwards  and  rather  inwards,  the  lower 
one  being  drawn  up  behind  it  to  the  extent  indicated.  On  dividing  the  psoas 
and  iliacus,  the  upper  fragment  could  be  depressed  slightly.  The  adductor 
brevis  and  pectineus  were  now  seen  to  be  tense  ;  on  cutting  them  through,  it 
could  be  still  further  depressed.  It  was  now  draAvn  strongly  inwards,  in  con- 
sequence of  the  extreme  tension  of  the  internal  rotator  muscles  ;  on  cutting 
them  through,  the  fi-agment  yielded  completely.  Part  of  the  adductor  magnus 
and  of  the  adductor  longus  was  torn.  The  other  muscles  were  uninjured. 
"When  extension  was  made  Avith  the  limb  straight  out,  the  flexors  of  the  leg 
offered  a  slight  resistance  :  they  were  divided.  The  vastus  externus  was  next 
cut  through  ;  the  lower  fragment  could  then  be  drawn  down  a  quarter  of  aji 
inch  ;  on  dividing  the  vastus  internus  and  crureus,  it  yielded  one  inch 
more  ;  on  cutting  through  the  adductor  magnus  and  longus,  it  came  down 
three  quarters  of  an  inch  more  ;  thus  making  up  the  two  inches  of  shortening. 
On  the  right  side,  the  fracture  was  the  same  as  that  in  the  other  limb.  The 
effect  of  the  section  of  the  difierent  muscles  was  the  same  ;  but  the  vastus 
externus  seemed  to  take  a  somewhat  larger  share  in  the  displacement  of  the 
lower  fragment. 

The  Trcaimcnt  of  fractures  of  the  shaft  of  the  thigh-bone  may  be  conducted 
in  different  ways,  each  of  which  presents  advantages  in  particular  cases  ; 
hence  an  exclusive  plan  of  treatment  should  not  be  followed. 

Whatever  treatment  is  adopted,  and  however  carefully  it  may  be  carried  out, 
the  Surgeon  must  not  be  disappointed  if,  in  the  adult,  a  certain  amount  of 
shortening  be  left.  This  is  more  particularly  the  case  where  the  fracture  is 
oblique  and  high  up  :  the  more  transverse  and  the  nearer  the  condyles,  on  the 
other  hand,  the  less  will  be  the  liability  to  shortening.  In  children,  union  may 
almost  always  be  procured  without  any  shortening  of  the  bone.    But  a  slio-ht 
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diminution  in  the  length  of  the  limb  is  in  realit}'  of  no  conseqnence,  and  o'ives 
rise  to  no  inequality  of  gait  ;  the  pelvis,  hjthe  obliquity  it  assumes,  remedying 
this.  It  is  only  when  the  shortening  exceeds  half  or  three  quarters  of  an  inch, 
that  it  is  important  and  occasions  deformity.  The  rotation  outwards  of  the 
lower  fragment,  however,  if  not  corrected  by  treatment,  seriously  cripples 
the  patient,  as  it  leaves  the  toes  and  the  patella  directed  outwards,  so  that 
the  movements  of  both  the  Imee  and  the  ankle  arc  rendered  useless  in 
walking. 

1.  The  fracture  may  be  treated  by  simply  relaxing  the  muscles  of  the  limb. 
This  is  effected  by  laying  it  upon  its  outer  side,  flexing  the  thigh  to  nearly  a 
right  angle  with  the  body,  and  the  leg  upon  the  thigh,  and  supporting  the 
limb  in  this  position  by  an  angular  wooden  or  leather  splint,  extending  from 
the  hip  to  the  knee  or  outer  ankle,  and  by  a  short  inside  thigh  splint.  This 
position  I  have  occasionally  adopted  in  fractures  about  a  couple  of  inches 
below  the  trochanters,  in  which  there  is  a  great  tendency  to  the  projection 
outwards  of  the  lower  end  of  the  upper  frag-ment,  and  ha^•e  found  these  cases 
turn  out  better  in  this  way  than  on  any  other  plan  of  treatment. 

2.  Extension,  without  regard  to  muscular  relaxation,  by  means  of  Listen's 


Fig.  232.— Liston's  Long  Splint. 


or  Desault's  long  splint  and  perineal  band  (Fig.  232),  will  be  found  a  most 
successful  plan  of  treating  fractures  in  the  middle  and  lower  parts  of  the 
thigh. 

In  employing  the  long  splint  for  the  treatment  of  these  fractures,  care  must 


Fig.  233.— Browne's  Elastic  Catch. 


be  taken  that  it  be  of  sufficient  length  to  extend  about  six  inches  below  the 
sole,  and  nearly  as  high  as  the  axilla.  The  perineal  band  should  consist  of  a 
soft  handkerchief  covered  with  oiled  silk,  and  must  be  gradually  tightened. 
A  very  ingenious  appliance  has  been  contrived  by  my  former  House-Surgeon, 
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Mr.  G.  Buclistone  Browne,  for  employing  elastic  extension  from  the  foot.  It 
consists  of  a  brass  catch,  such  as  are  used  for  the  strings  of  window-bHuds, 
attached  to  a  vulcanized  rubber  ring,  which  is  connected  with  a  transverse 
piece  of  wood  lixed  to  the  leg  by  adhesive  straps  (Fig.  233).  By  means  of 
this  contrivance,  elastic  traction  can  be  kept  up  to  any  degree  required,  with- 
out the  danger  of  galling  the  skin  of  the  instep.  If  the  perineal  band  occasion 
excoriation  or  undue  pressure,  so  as  to  necessitate  its  removal,  I  have  found 
advantage  from  keeping  up  extension  with  a  heavy  weight  attached  to  the 
leg  by  plaster,  counter-extension  being  made  ])y  the  weight  of  the  patient's 
body,  the  foot  of  the  bed  being  slightly  elevated  on  a  couple  of  blocks  of 
wood. 

Another  useful  form  of  the  long  splint  is  the  following  :  extension  is  made 
by  a  carefully  padded  handkerchief,  the  middle  of  which  is  placed  above  the 
heel  behind,  and  the  two  ends  are  then  brought  forward  and  crossed  over  the 
instep  and  afterwards  passed  through  the  notches  at  the  end  of  the  long  splint 
and  securely  tied  ;  counter-extension  is  made  by  a  perineal  band  ;  four  short 


Fig.  23-1. — Coiiipouncl  Fi'actiu'c  of  Shaft  of  Tliigli-lwiie  :  Treatiuciit  l>y  Bracketed  Long  Splint. 


splints  are  secured  by  straps  and  buckles  round  the  thigh^  the  anterior  reaching 
fr'om  the  groin  to  the  patella,  the  posterior  from  the  folds  of  the  nates  to  the 
upper  part  of  the  ham,  the  inner  from  the  perineum  to  just  above  the  pro- 
minence of  the  inner  condyle,  and  the  outer  from  just  below  the  trochanter  to 
above  the  outer  condyle.  A  small  sheet,  folded  till  it  reaches  from  the  groin 
to  the  malleoli,  is  to  be  wrapped  round  the  long  splint  so  as  to  get  a  firm  hold 
of  it,  and  then  brought  round  the  thigh,  passing  under  it,  and  secured  by 
strong  pins  to  the  part  of  the  sheet  round  the  splint.  A  body  bandage  about 
eighteen  inches  wide  is  then  applied  in  the  same  way.  In  this  apparatus  the 
long  splint  is  used  merely  for  extension  and  to  fix  the  hip-  and  knee-joints,  the 
four  short  splints  holding  the  bone  in  position. 

In  all  forms  of  the  apparatus  care  must  be  taken  that  the  splint  is  wide 
enough,  otherwise  rotation  outwards  may  take  place.  This  is  f  m-ther  prevented 
by  the  apparatus  represented  in  Fig.  233.  This  consists  of  a  thick  piece  of 
board  upon  which  are  screwed  two  rectangular  pieces  of  iron  between  which 
the  splint  is  placed.  This  serves  not  only  the  purpose  of  preventing  eversion, 
but  it  tends  to  raise  the  heel  from  the  bed,  and  thus  to  prevent  the  pain  often 
caused  by  its  pressing  on  the  bed-clothes. 

In  cases  of  compound  fracture,  where  the  wound  exists  in  the  posterior 
and  outer  part  of  the  hmb,  I  have  found  a  long  thigh-splint,  made  of  oak  and 
bracketed  opposite  the  seat  of  injury,  the  most  convenient  apparatus,  enabling 
the  limb  to  be  kept  of  a  proper  length,  and  the  wound  to  be  dressed  at  the 
same  time  (Fig.  234). 
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3.  The  double-inclined  plane  is  especially  useful  in  many  compound  frac- 
tures of  the  thigh,  often  affording  greater  fiicilifies  for  dressing  the  wound 
and  the  general  management  of  the  case,  than  any  other  apparatus  that  can  be 
■  api^iied. 

i.  Extension  of  the  hmb  by  the  attachment  of  a  weight  to  the  foot,  a  plan 
of  treatment  employed  by  James,  of  Exeter,  and  perfected  by  Buck,  of  New 
'  York,  is  a  most  simple  and  efficient  means  of  treatment.    The  accompanying 
drawing  (Fig.  235)  illustrates  this  well.    The  weight  required  for  extension 
■should  vary  in  the  adult  from  five  to  ten  pounds.    The  counter-extending 


Fig.  235.— Fracture  cif  Sliaft  of  Tliigii-lioue  :  Treatment  by  Weiglits  ami  Short  Splints. 


means  consist  of  a  perineal  band,  which  should  be  of  India-rubber  tubing 
properly  covered  with  muslin  and  fastened  to  the  head  of  the  bedstead  by 
means  of  straps. 

5.  Suspension  of  the  limb  from  a  splint  applied  along  the  anterior  aspect,  as 
in  Fig.  2oG,  has  been  recommended  by  N.  R.  Smith,  of  Baltimore.  As  a  general 


Fig.  23(3.— Limb  suspended  from  Splint  by  Slings,  preparatory  to  application  of  Roller. 

plan  of  treatment,  it  is  not  likely  to  be  found  advantageous.  But  it  is  easy  to 
understand  that,  in  certain  cases,  where  injury  has  been  done  to  the  soft  parts 
of  the  limb  posteriorly,  it  might  be  found  very  useful. 

G.  Thomas's  knee-splint  applied  as  for  disease  of  the  joint  {vide  Disease  of 
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Knee,  Vol.  ii.),  with  four  short  spHiits  surrounding  the  broken  bone,  forms  a 
most  excellent  apparatus  for  a  fracture  of  the  femm\    The  end  of  the  splint  ! 
must  be  slung  to  a  cradle  by  a  loop  of  bandage  so  as  to  raise  it  about  sixxi 
inches  from  the  bed  (Fig.  237). 

7.  The  starched  or  plaster-bandage  may  be  employed  in  most  eases.  In  j 
treating  fractures  of  the  shaft  of  the  thigh-bone  with  the  starched  bandage,  the- 
following  plan  Avill  be  found  convenient.  The  limb  should  be  evenly  and 
thickly  enveloped  in  a  layer  of  cotton  wadding  ;  a  long  jDiece  of  strong  paste- - 
board,  about  four  inches  wide,  soaked  in  starch,  must  next  be  applied  to  the, 
posterior  part  of  the  limb,  from  the  nates  to  the  heel.  If  the  patient  be  very, 
muscular,  and  the  thigh  large,  this  must  be  strengthened,  especially  at  its  upper  r 
part,  by  having  slips  of  bandage  pasted  upon  it.  Two  narrower  slij^s  of  pasteboard  i 
are  now  placed,  one  along  each  side  of  the  limb,  from  the  hip  to  the  ankle,  and  i 
another  shorter  piece  on  the  fore  part  of  the  thigh,  A  double  layer  of  starched  I 


bandage  should  now  be  applied  over  the  whole,  with  a  strong  and  well-starched 
spica.  It  should  be  cut  up  and  trimmed  on  the  second  or  third  day,  and  then 
re-applied  in  the  usual  way.  With  such  an  apparatus  as  this  I  have  treated 
many  fractured  thighs,  both  in  adults  and  in  children,  without  confinement 
to  bed  for  more  than  three  or  four  days,  and  with  little  if  any  shortening 
or  deformity  being  left;  (Fig.  179).  The  points  to  be  especially  attended  to 
are,  that  the  hinder  pasteboard-splint  be  very  strong,  at  the  upper  pai-t  es- 
pecially, and  that  the  spica  be  well  and  firmly  applied,  so  that  the  hip  and 
the  whole  of  the  pelvis  may  be  immovably  fixed. 

A  simfU  commimcied  fracture  of  the  thigh-bone  is  usually  best  treated  on 
the  double  inclined  plane  for  the  first  three  weeks,  after  which  it  may  be  put 
up  in  the  starched  bandage. 
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In  fractures  of  the  femur  in  children,  it  is  often  difficult  to  maintain  j2,-ood 
position,  owing  to  the  extreme  restlessness  of  the  patient.  In  such  cases 
Hamilton  recommends  that  a  long  splint  be  applied  to  the  sound  thigh  as  well 
as  to  the  broken  one.  The  two  splints  are  connected  together  at  the  bottom 
by  a  transverse  bar  (Fig.  238),  and  some  short  splints  must  be  put  round  the 
thigh  to  fix  the  broken  bone.  I  can  speak  from  experience  of  the  yery  great 
advantages  of  this  method  in  young  cliildren.  The  child  can  be  taken  up 
and  turned  over  with  the  spHnt  without  disturbing  the  fracture  in  the  slightest 
degree. 

Another  excellent  plan  is  that,  recommended  by  Bryant,  of  applying  a  back- 
splint  from  the  heel  to  the  nates  and  short  splints  on  the  sides  and  front  of 
the  thigh,  strapping  having  been  previously  fixed  to  the  leg,  by  means  of 
which  extension  can  be  made.  The  limb  is  then  slung  up  to  a  hook  in  the 
ceiling  or  to  any  other  convenient  point,  so  as  to  keep  it  at  right  angles  to 
the  body.  By  this  means  the  bandages  are  kept  out  of  the  way  of  the 
evacuations  passed  into  the  bed,  and  the  weight  of  the  body  acts  as  a  constant 
counter-extending  force. 

In  very  young  childi'en,  plaster-of-Paris  and  starched  bandages  can  hardly 
be  used,  as  it  is  quite  impossible  to  keep  them  clean. 

The  Treatment  of  Compound  and  Comminuted  Fracture  of  the 
Thigh-bone  will  vary  according  as  the  injury  arises  from  gun-shot,  or  is  an 
accident  of  civil  life.  In  the  former  case,  for  reasons  stated  at  p.  342,  ampu- 
tation should  at  once  be  performed  if  the  fracture  be  below  the  upper  third  of 
the  bone.  When  the  upper  third  is  splintered,  the  result  of  amputation  is  so 
very  unsatisfactory,  that  the  patient  may  have  a  better  prospect  of  recovery  if 
the  limb  be  treated  in  splints,  and  an  endeavour  made  to  save  it,  disarticula- 
tion at  the  hip-joint  in  such  cases  being  almost  invariably  fatal. 

When  a  compound  fracture  of  the  thigh-bone  occurs  from  one  of  the 
common  accidents  of  civil  life,  even  if  it  be  comminuted,  the  line  of  practice 
is  not  so  defined.  The  course  that  the  Surgeon  adopts  must  be  influenced  by 
the  extent  of  injury  done  to  the  soft  parts,  more  particularly  to  the  main  blood- 
vessels of  the  limb.  If  the  integuments  and  muscles  be  extensively  torn  and 
lacerated,  or  if  there  be  reason  to  believe  that  the  femoral  vessels  have  suf- 
fered, amputation  must  be  practised.  But  if  the  wound  be  but  small,  made 
by  the  perforation  of  the  bone  rather  than  by  the  violence  which  occasioned 
the  fracture,  and  if  the  vessels  be  uninjured,  an  attempt  must  be  made  to  save 
the  limb,  which  should  be  put  up  on  the  double  inclined  plane  or  in  the  long 
bracketed  splint,  and  treated  with  the  strictest  attention  to  drainage  and  to 
the  prevention  of  decomposition. 

The  treatment  of  the  complication  of  a  ivound  of  tlie  main  artery,  femoral  or 
popliteal,  with  and  by  a  fracture  of  the  thigh-bone,  will  vary  according  as  the 
injury  is  compound  or  simple.  Such  an  accident,  complicating  a  compound 
fracture,  would  probably  be  a  case  for  immediate  amputation.  If  the  fracture 
be  simple,  and  a  diffused  traumatic  aneurism  form  in  the  ham  or  low^er  part  of 
the  thigh,  we  must,  in  accordance  with  the  principles  laid  down  at  page  463, 
ligature  the  superficial  femoral  artery  ;  unless  gangrene  be  supervening,  or 
have  actually  supervened,  when  the  thigh  must  be  amputated  above  the 
fracture. 

In  discussing  the  treatment  of  these  accidents,  in  which  the  question  of 
amputation  of  the  thigh  is  raised,  I  cannot  too  strongly  state  my  conviction 
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that,  unavoidable  as  it  undoubtedly  is  in  some  cases,  as  the  only  alternative 
left  to  the  Surgeon,  this  operation,  when  practised  primarily  for  comjwimd 
fraciures  of  ike  ihigh-hone,  is  one  of  the  most  fatal  in  surgery,  and  should 
accordingly  not  be  too  hastily  resolved  upon. 

3.  Fractures  in  the  Vicinity  of  the  Knee-joint. — The  lower  end  of 
the  thigh-bone  may  be  broken  across  transversely,  immediately  above  the 
condyles,  and  occasionally  this  may  be  complicated  by  a  vertical  fissm-e  sepa- 
rating the  condyles  from  each  other,  and  extending  into  the  knee-joint.  In 
other  cases,  the  fracture  extends  through  one  of  the  condyles,  detaching  it 
from  the  shaft  of  the  bone.  The  readiness  with  Mdiich  crepitus  can  be  felt, .  | 
the  line  of  fi-acfcure  made  out,  and  the  displacement  removed  by  lateral  pres- 
sure, determines  at  once  the  nature  of  this  accident.  ■ 
Wlien  the  femur  is  fractured  ti-ansversely  immediately  above  the  condyles,  ' 
the  loAver  fragment  is  powerfully  acted  on  by  the  gastro- 
cnemius, plantaris,  and  popliteus  muscles,  which  flex  it  upon 
the  tibia,  causing  its  upper  extremity  to  project  backwards 
into  the  ham,  while  the  lower  end  of  the  upper  fragment 
rests  on  its  anterior  surface.  Thus,  although  the  limb 
may  be  apparently  extended,  the  knee-joint  is  in  reality 
flexed.  If  a  limb  in  this  condition  were  put  up  on  a  long 
splint  and  extension  made,  the  displacement  would  be  in- 
creased, and  non-union  of  the  fracture  would  very  likely 
result ;  or,  if  union  did  occur,  the  utility  of  the  limb  would 
be  most  seriously  impaired.  By  putting  the  limb  on  a 
double  inclined  plane  in  a  flexed  condition  the  deformity  is 
at  once  removed,'  the  fractured  ends  of  the  bones  coming 
into  perfect  apposition.  Bryant  has  recommended  in  these 
cases  to  divide  the  tendo  Achillis,  and  in  case  the  double 
inclined  plane  failed  to  overcome  the  deformity,  this  might 
be  of  use. 

Fracture  of  the  lower  end  of  the  thigh-bone,  communi- 
cating with  open  wound  of  the  knee-joint,  is  usually  a  case 
for  amputation. 

Impacted  Fracture  of  the   Lower   End   of  the 

Fig.  239.  —  Impacted  Feiuur. — In  thcse  cases  the  shaft  is  always  driven  into  the 
EM  o7TinS-w."  louver  fragment.  I  have  had  several  such  cases  under  my 
care.  In  one,  the  upper  fragment,  which  was  very  oblique, 
was  firmly  driven  into  the  cancellous  structure  of  the  lower  one  (Fig.  239).  In  ' 
another  case,  the  condyles  of  both  thigh-bones  were  splintered  into  a  number 
of  fragments,  amongst  which  the  shafts  were  impacted.  Excellent  union, 
however,  took  place,  the  skin  having  been  uninjured.  The  diagnosis  is  not 
always  easy,  as  unnatural  mobility  and  crepitus  may  both  be  wanting  ;  and  in 
many  cases,  either  from  a  fissure  extending  downwards  or  from  the  bruising  at 
the  time  of  the  accident,  effusion  occurs  into  the  knee-joint,  which  still  further 
conceals  the  nature  of  the  injury.  The  most  characteristic  feature  in  these 
cases  is  the  shortening,  and  later  on,  as  the  swelling  subsides,  the  deformity  at 
the  seat  of  fracture  may  be  clearly  recognized. 

Separation  of  the  Lower  Epiphysis  of  the  remur  is  not  an  uncommon 
accident  in  children.  The  wide  surfaces  are  seldom  completely  separated,  and 
the  nature  of  the  injury  is  further  obscured  by  efliision  into  the  joint ;  but  it 
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can  usually  be  recognized  by  seizing  the  shaft  of  the  femur  in  one  hand  and 
the  knee  ni  the  other,  when  lateral  movement  will  be  recognized,  accompanied 
by  the  soft  crepitus  characteristic  of  a  separated  epii)hvsis.  The  treatment 
consists  simply  in  supporting  the  limb  for  a  few  days  on  a  back  splint,  till  the 
swelhng  has  subsided,  when  a  starched  bandage  or  plaster-of-Paris  splint  may 
be  apphed.  Union  usually  takes  place  by  bone,  and  is  followed  by  some 
shortening  from  iutcrferencc  Avith  growth. 

The  Period  of  Union  of  Practxires  of  the  Shaft  and  Lower  end  of  the 
Pemur  is  between  seven  and  eight  weeks  in  the  adult,  at  the  end  of  which 
time  the  patient  may  dispense  with  artificial  support.  It  is,  however,  always 
about  three  months  before  full  use  of  the  limb  is  regained.  In  children  under 
ten,  union  is  usually  firm  at  the  end  of  the  fifth  week. 

Practures  in  the  Knee-joint.— It  occasionally  hai-)pens  that  a  small  frag- 


Figs.  240,  241.— Fractiu-e  of  Condyles  from  fall  on  the  Bent  Knees. 


ment  of  one  of  the  condyles  of  the  femur  may  be  chipped  off  by  a  violent 
blow,  and  become  loose  in  the  cavity  of  the  joint.  After  the  inflammation 
and  effusion  into  the  joint,  consequent  on  the  accident,  have  subsided,  the 
fragment  may  be  recognized  as  a  loose  body  in  the  joint.  (See  Diseases  of 
Joints  :  Loose  Bodies.) 

In  "\'iolent  blows  on  the  upper  part  of  the  tibia,  or  in  forcible  and  extreme 
flexion  of  the  knee,  it  sometimes  happens  that  the  bony  attachment  of  one  of 
the  crucial  ligaments  is  torn  up.  In  the  case  from  which  Figs.  240  and  241 
were  taken,  the  patient  fell  from  a  great  height  on  tlie  bent  knees.  In  one 
knee,  the  anterior  crucial  ligament  had  torn  up  a  piece  of  the  tibia,  to  which 
it  Avas  attached.  In  the  other,  the  posterior  crucial  ligament  had  torn  out  a 
piece  of  the  femur,  and  the  bone  was  fissured  a  long  way  up  between  the 
condyles.  In  the  case  from  which  Fig.  242  was  taken,  the  anterior  crucial 
Ligament  was  torn  from  its  attachment,  bringing  with  it  a  scale  of  bone  from 
the  tibia.  These  cases  cannot  be  diagnosed  duriug  life.  The  treatment 
would  be  that  of  a  sprain  of  the  knee,  with  effusion  of  blood  into  the  joint. 

Fracture  of  the  Patella  may  be  the  result  of  direct  violence,  when  the 
bone  is  often  comminuted,  or  even  broken  longitudinally,  being  split,  and 
the  joint  injured.  But  most  frequently  it  occurs  as  the  consequence  of 
the  sudden  and  violent  action  of  the  extensor  muscles  of  the  thigh,  in  the 
attempt  a  person  makes  to  save  himself  from  falling  when  he  suddenly  slips 
backwards.  The  knee  being  serai-flexed,  the  patella  rests  on  it  only  in.  its 
transverse  axis,  and  is  readily  snapped  across,  much  in  the  same  way  as  one 
breaks  a  stick  across  some  resistmg  object.   All  fractures  of  the  patella  fi'om 
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muscular  action  arc  transverse  (Fig.  243).  The  ]^atient  does  not  break  his 
patella  in  these  ca^scs  by  falling  upon  it,  but  he  falls  because  the  patella  has 
been  liroken  by  the  violent  and  almost  spasmodic  actioji  of  the  extensors  ol 
the  thigh  in  his  efforts  to  save  himself.  In  consequence  of  these  fractures 
being  o'ccasioned  by  muscular  action,  they  are  more  frequent  in  men,  especially 
about  the  middle  period  of  life,  less  common  in  women,  and  extremely  rare  in 
children.  I  have  once,  however,  had  under  my  care  a  child  under  ten  years 
of  age,  who  had  a  transverse  fracture  of  the  patella.  It  not  unfrequently 
happens  Avhen  one  patella  has  been  fractured,  that  the  unsteadiness  of  gait 
causes  the  opposite  one  to  be  broken  by  muscular  action  in  an  effort  to  avoid  a 
fall.    The  same  patella  may  be  broken  more  than  once  ;  in  the  cases  that  I 


Fig.  2-12.— Tibial  Attacliment  of  Anterior 
Crucial  Ligament  torn  np. 


Fig.  2-13. — Diagram  of  position  of! 
fragments  in  Fi-acture  of  Patella. 
Eversion  of  Upiier  Fragment. 


have  seen,  the  second  fracture  has  always  occurred  in  the  upper  fragment,  a . 
little  above  the  Hue  of  the  original  fracture. 

The  Signs  of  this  fracture  are  veiy  evident.    '\Anicn  it  is  transverse,  and  has : 
been  produced  by  muscular  action,  the  fibrous  expansion  over  the  bone  is  torn ; 
and  the  separation  between  the  fragments  (Figs.  243,  244),  which  is  much  in- 
creased by  bending  the  knee  (Fig.  245),  and  the  inability  to  stand  or  to  raise ' 
the  injured  limb,  indicate  what  has  happened.   When  it  has  been  produced  by 
direct  violence,  the  muscles  being  at  rest,  there  is  little  or  no  separation,  even 
though  the  fracture  be  transverse.    In  such  cases,  and  when  it  is  longitudinal ' 
or  comminuted,  the  crepitus  and  mobility  of  the  fragments  point  it  out.  Im- 
mediately on  the  occurrence  of  a  transverse  ft-acture  of  the  patella,  the  knee-  • 
joint  swells  up  owing  to  the  effusion  of  blood  into  the  synovial  membrane. . 
This  swelling  subsides  after  a  few  days'  rest. 

Mode  of  Union.— When  the  bone  is  broken  transversely,  it  very  rarely 
indeed  unites  by  osseous  matter,  in  consequence  of  the  wide  separation  of  the 
fragments  ;  there  are.  however,  two  or  three  cases  on  record  in  which  this  kind 
of  union  has  taken  place  in  these  fractures.  In  the  longitudinal  and  com- 
minuted fractures,  osseous  union  readily  occurs,  the  fragments  remaining  in  close 
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apposition.  In  the  majority  of  cases  of  transverse  fracture,  the  fi-agments  remain 
separated  by  an  interval  varying  from  one-fourth  of  an  inch  to  an  inch  ;  but 
in  some  instances  the  gap  is  much  greater,  amounting  even  to  four  or  five 
inches.  When  the  separation  does  not  exceed  an  inch  and  a  lialf,  the  gap  is 
usually  filled  up  by  hgamentous  tissue,  uniting  the  fragments  firmly.  In 
some  of  the  cases,  however,  in  which  the  separation  betAvecn  the 
I  fragments  does  not  exceed  this  distance,  and  in  most  of  those 

\  in  which  it  extends  beyond  it,  W.  Adams  has  found  that  the 

fi-acture  is  not  united  by  any  newly-formed  fibrous  tissue,  but 
that  the  fragments  are  bound  together  simply  by  the  thickened 
fascia  which  passes  over  the  patella,  with  which  is  incorporated 
the  bursa  patellae.  Adams  finds 
that  the  aponeurotic  structure 
thus  uniting  the  fragments 
may  be  arranged  in  different 
ways.     Thus  it  may  be  ad- 
herent to   the   anterior  pe- 
riosteal surface  of  both  fi-as:- 
ments  ;    or   the  connecting 
aponeurosis  may  be  reflected 
over,  and   be    adherent  to, 
both  the  fractured  surfaces  ; 
lastly,  (and  this  is  the 


Fig.  244.— 
Fractured  P.i- 
teUa :  Side 
view  of  Limb, 
strai'dit. 


or. 


Fig 


245.— Fracture  of  Patella  :  Separation 
between  Fragments  increased  by  bending 
the  Knee. 


most  frequent  arrangement,) 
the  connecting  aponeurosis 
may  pass  from  the  periosteal  surface  of  the  upper  fragment  to  the  fractured 
surface  of  the  lower  one,  to  which  it  becomes  closely  and  firmly  united.  In 
the  majority  of  cases,  when  united  by  aponeurotic  tissue,  the  fragments 
gape  somewhat  towards  the  skin,  coming  into  better  contact  posteriorly.  Thus 
it  would  appear  that  a  patella  fractm-ed  transversely  may  unite  in  two  ways  ; 
most  frequently  by  the  intervention  of  thickened  aponeurotic  structure,  and 
next,  by  a  ligamentous  or  fibrous  band.  Of  81  specimens  in  the  London 
museums,  examined  by  Adams,  it  was  found  that  in  15  aponeurotic  union 
had  taken  place,  in  12  ligamentous  union,  and  in  the  remaining  4  the  kind 
of  union  could  not  be  deteiTuined. 

The  aponeurotic  union  always  leaves  a  weakened  limb  and  an  unprotected 
joint ;  for,  in  consequence  of  the  separation  of  the  fragments,  and  the  folding 
in  of  the  fascia,  the  fingers  can  be  thrust  in  between  the  articular  surfaces  of 
;he  knee. 

Treatment. — In  many  cases  of  fractured  patella,  there  is  rather  severe 
inflammation  of  the  knee,  with  great  synovial  eff'usion.    This  requires  to  be 
reduced  by  rest  and  the  application  of  evaporating  lotions,  before  any  other 
treatment  can  be  adopted.    If  the  effusion  be  very  abundant,  the  treatment 
may  be  hastened  by  removing  it  with  an  aspirator.   If  the  instrument  be 
thoroughly  washed  with  carbolic  acid  lotion  (1  in  20)  before  being  used,  there 
is  no  danger  in  the  operation.    When  the  fluid  has  been  removed  or  ab- 
sorbed, means  must  be  taken  for  the  union  of  the  fragments  ;  with  this  view, 
the  principal  point  to  be  attended  to  is,  to  keep  them  in  sufficiently  close 
apposition  for  firm  ligamentous  union  to  take  place.    The  upper  fragment, 
which  is  movable,  and  has  been  retracted  by  the  extensor  muscles  of  the  thigh, 
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must  be  drawn  down  so  as  to  be  approximated  to  the  lower  one,  which  is  fixed  by 
the  hgamentnm  patelte.  This  approximation  of  the  fragments  may  be  effected 
either  by  position  and  relaxation  of  the  muscles,  or  by  mechanical  contrivance. 
Simple  position  usually  suffices  for  this  purpose,  and  must  be  attended  to 
whatever  mechanical  appliances  are  used.  By  placing  the  patient  in  a  semi- 
recumbent  position,  and  elevating  the  leg  considerably,  so  as  to  relax  the 
muscles  of  the  thigh  completely,  the  upper  fragment  may  be  brought  down  to 
the  lower  one,  and,  if  necessary,  may  l^e  retained  there,  after  any  local  inflam- 
mation that  results  from  the  accident  has  been  subdued,  by  moulding  a  gutta- 
percha cap  accurately  to  and  fixing  it  firmly  upon  the  knee,  or  by  the  applica- 
tion of  pads  of  lint  and  broad  straps  of  plaster.    These  straps  of  plaster  may  be 


applied  above  and  upon  the  upper  fragment  in  a  diagonal  direction  from  above 
downwards.  They  should  be  of  sufficient  length  to  embrace  the  limb  and  a 
back  splint,  to  which  they  are  to  be  fixed  ;  or  a  figure-of-8  bandage  may  be 
applied  round  the  limb  and  splint  together.  This  position  must  be  maintained 
for  at  least  six  weeks  ;  at  the  expiration  of  which  time  the  patient  may  be 
allowed  to  walk  about,  wearing,  however,  an  elastic  knee-cap,  or,  what  is  better, 
a  straight  leather-splint  in  the  ham,  so  as  to  prevent  the  knee  from  being  bent 
for  at  least  three  months.  If  this  precaution  be  not  taken,  the  union  between 
the  fi-agments,  which  at  first  appeared  to  be  in  very  close  contact,  will  gradually 
lengthen,  until  in  the  course  of  a  few  months  an  interval  of  several  inches  may 
be  found  between  them.  In  these  cases,  however,  even  though  the  separation 
between  the  fragments  be  great,  it  is  remarkable  how  well  the  limb  may  be 
used,  especially  on  level  ground  ;  and  with  the  aid  of  a  knee-cap  but  little  ; 
inconvenience  is  experienced  by  the  patient. 

If  the  occupation  of  the  patient  is  such  that  he  cannot  be  kept  at  rest  duiing  r 
the  treatment,  the  starched  bandage  or  plaster-of-Paris-splint  will  be  found  very  • 
useful,  the  patient  being  with  it  enabled  to  walk  about  during  the  whole  of  the 
treatment.  The  action  of  the  bandage  is  much  increased  by  drawing  down  and  1 


Fig.  246.— Stellate  Fracture  of 
the  Tatella. 


Fig.  247.— Aponeurotic 
Union  of  a  Frac- 
tured Patella :  Side- 
view. 


Fig.  24S.— Fracture  of  Patella, 
united  by  ligamentous 
tissue. 
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fixing  the  upper  fragment  by  two  broad  strips  of  plaster  firmly  applied  above  it. 
A  ]-)ack  splint  of  pasteboard  is  required  to  fix  the  knee,  and  a  good  pad  of  lint 
with  a  figure-of-8  bandage  should  be  applied  above  and  below  the  fracture  to 
keep  it  in  position.  In  several  cases  I  have  obtained  very  close  and  firm  union 
between  the  fragments  in  this  way,  without  confining  the  patient  to  bed  after 
the  third  day. 

Various  attempts  have  at  different  times  been  made  to  bring  down  and  to  fix 
the  upper  fragment,  so  as  to  keep  it  in  contact  with  the  lower  one  ;  or,  if  this 
be  impracticable,  to  shorten  the  distance  between  them,  and  thus  to  lessen  the 
length  of  the  bond  of  union.  With  this  view,  an  apparatus  consisting  of  two 
broad  bands  of  leather,  buckled  above  and  below  the  knee,  and  united  by 
longitudinal  straps,  which  can  be  shortened  at  pleasure,  is  very  commonly 
employed.  Malgaigne,  with  the  same  view,  constructed  a  pair  of  double 
hooks,  which,  being  fixed  into  the  two  fragments,  were  drawn  together  by 
a  screw  ;  and  Eve,  of  Tennessee,  accomplishes  the  same  object  by  means  of 
a  ring  passed  round  the  fragments.  All  these  means  undoubtedly  secure  the 
object  for  which  they  are  intended,  and  each  may  be  found  an  useful  adjunct 
to  position  in  any  given  case.  Malgaigne's  hooks  are  undoubtedly  the  most 
effectual ;  but  the  great  objection  to  their  use  consists  in  the  pain  and 

iiTitation  that  are  often  induced  by  their  penetration  of  the  skin, 
W.  Manning,  a  former  House  Surgeon  of  University  College  Hospital,  has  made 

some  very  careful  dissections  of  the  arterial  supply  of 

the  patella  (Fig.  249).    He  finds  that  the  vascular 

ai'ch  by  which  tlie  upper  fragment  of  a  broken  patella 

is  supplied  is  situated  at  the  very  spot  where  the 

greatest  amount  of  pressure  is  usually  applied,  and 

that  not  unfi-equeutly  the  internal  superior  and  inferior 

articular  arteries  arise  from  a  common  trunk,  which 

must  inevitably  be  compressed  against  the  internal 

condyle  of  the  femur,  so  that  both  fragments  may 

thus  be  starved  of  blood ;  and  that  this  want  of 

proper  blood-supply  has  an  additional  tendency  to 

prevent  firm  union.     As  an  additional  evidence  of 

the  compression  of  the  nutrient  arteries  of  the  patella 

by  the    ordinary  apparatus,  I  may  mention  that 

Manning  has  found,  on  injecting  a  limb  thus  put 

up,  that  all  the  arteries  were  filled  except  those  sup- 
plying the  patella.    In  addition  to  this,  Manning  is 

of  opinion  that,  in  the  ordinary  treatment  of  frac- 
tured patella,  the  apparatus  in  use  does  not  retain  the 
fragments  sufficiently  long  in  position,  or  control  the 
muscles  efficiently. 

,Tr.  ,    ,1        -  J-  J    •        Li.         ■  •  Fig-  249.— Arterial  Supply  of 

With  the  View  of  remedying  these  inconveniences,   "  pateiua  (Manning). 
Manning  has  constructed  the  splint  (Fig.  250),  of 

which  the  following  is  a  description.  It  consists  of  a  wooden  back-piece, 
a  little  wider  than  the  knee-joint,  and  long  enough  to  reach  from  the  sole  of 
the  foot  to  the  gluteal  fold,  and  provided  at  the  lower  end  with  a  foot-piece,  A. 
At  the  junction  of  the  middle  and  lower  thirds  is  a  transverse  oblique  slit,  B, 
one  and  a  half  inches  long.  Strips  of  strong  plaster,  two  inches  broad,  and 
long  enough  to  encircle  the  thigh  and  overlap  by  some  inches,  are  attached 
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to  a  calico  band,  c.  The  free  end  of  this  band  is  carried  through  the  slit,  and 
the  straps  of  plaster  are  open  on  the  upper  part  of  the  splint.  A  piece  of 
wood,  E,  is  attached  to  the  lower  part  of  the  splint,  and  another  piece  of 
corresponding  size  is  attached  to  a  loop  at  the  end  of  the  calico  band,  so  that, , 
when  drawn  down  and  the  splint  adjusted,  these  three  pieces  may  be  five  or 
six  inches  apart. 

The  foot  and  leg  having  been  previously  bandaged  as  far  as  the  lower  edge 
of  the  patella,  and  the  splint  padded  so  as  to  leave  the  slit  uncovered,  the 


Fig.  250. — Manning's  Splint  for  Fractured  Patella. 


strapping  is  heated  by  means  of  a  bottle  of  hot-water  (which  is  more  con- 
venient than  a  strapping-tin),  and  while  an  assistant  draws  down  the  upper 
fragment  by  grasping  the  muscles  of  the  thigh,  the  straps  of  plaster  are  carried 
firmly  round  the  limb  from  above  downwards,  extending  from  just  below  the 
gluteal  fold  to  within  three  inches  of  the  upper  border  of  the  patella.  It 
being  important  that  the  band  of  calico  should  be  kept  in  the  middle  line 
behind,  the  upper  part  of  the  thigh  is  then  secured  to  the  splint  by  a  few 
turns  of  a  roller.   Lastly,  as  many  elastic  rings  (those  known  as  "office-bands" 


Fig.  251.— Manning's  Splint  applied. 

answer  the  purpose  very  well)  as  will  serve  to  approximate  the  fragments  with- 
out causing  too  much  pain  to  the  patient,  are  passed  over  the  projecting  ends 
of  the  pieces  of  wood,  as  at  f.  Fig.  251,  on  each  side  of  the  splint,  so  as  to 
exercise  sufficient  traction  on  the  muscles  pulling  on  the  upper  fragment. 

H.  0.  Thomas  has  recently  puWished  a  paper^on  fractured  patetla,  in  which 
he  maintains  that  the  chief  points  to  be  attended  to  are,  first,  to  keep  up  the 
treatment  for  a  sufficient  length  of  time  ;  secondly,  to  avoid  interference  with 
the  circulation  around  the  patella ;  thirdly,  that  no  strain  in  the  direction  of 
flexion  be  allowed  during  treatment ;  and,  lastly,  "  that  the  temporary  ankylosis  ■  i 
produced  hj  the  treatment  should  be  allowed  to  pass  away  spontaneouslv  "  The  t 
method  of  treatment  he  recommends  (Fig.  252)  is  the  following.    A  Thomas's  ■  i 
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bed  knec-splint  (see  Diseases  of  the  Knee-Joint),  which  need  not  accurately  fit 
the  patient,  provided  it  be  of  sufficient  length,  should  be  at  once  applied.  The 
leg  is  to  be  retained  in  position  by  the  usual  extension  apparatus  of  adhesive 
plaster,  the  ends  of  the  strips  being  fixed  round  the  end  of  the  splint.  "  To  the 
bandages  which  secure  the  extension-plaster  round  the  leg  is  sewn  a  piece  of 
elastic  webbing  with  adhesive  material  spread  upon  half  its  length  ;  this  being 
thus  fixed  below  is  stretched  over  the  fractured  patella  and  attached  by  adhesion 
to  the  skin  of  the  thigh  above  the  upper  fragment  of  the 
patella,  which  it  thus  constantly  draws  gently  down  and  exer- 
cises also  very  slight  surface  pressure  over  both  fi'agmeuts, 
pressing  tbem  into  the  space  between  the  condyles  of  the  femur 
and  head  of  the  tibia."  The  bandages  are  now  applied  over 
the  thigh  and  leg,  and  a  support  arranged,  either  of  leather 
or  adhesive  plaster,  behind  the  popliteal  space,  sufficiently 
tight  to  hinder  any  backward  strain  on  the  knee-joint.  As 
soon  as  it  can  be  made,  a  walking  "  caliper  "  knee-splint  mth  a 
boot  must  be  fitted  to  the  patient  ;  after  which  he  can  leave 
his  bed  and  move  about  during  the  remainder  of  the  treatment. 
Thomas  recommends  that  the  treatment  should  be  continued 
uninterruptedly  for  nine  months  at  least. 

In  order  to  bring  the  two  fragments  of  a  transverse  fracture 
of  the  patella  into  accurate  apposition,  it  has  been  recom- 
mended to  make  a  longitudinal  incision  in  the  front  of  the 
knee  of  sufficient  length  fully  to  expose  the  broken  bone,  and 
to  drill  its  fragments  obliquely,  taking  care  not  to  reach  the 
cartilaginous  surface  in  so  doing,  and  then  to  unite  them  by 
a  strong  wire  suture.  By  this  operation,  the  knee  is  neces- 
sarily opened,  and  the  patient  is  exposed  to  the  dangers  of  a  Knee"'- splint,  ap- 
wounded  joint.  This  operation  seems  to  have  been  perfomied  patdia" 
many  years  ago  by  Cooper,  of  San  Francisco.  In  this  country 
it  was  first  suggested  by  Lister  as  being  free  from  danger,  provided  strict  anti- 
septic treatment  was  adopted.  It  was  first  performed  by  Cameron,  of  Glasgow, 
and  subsequently  by  Lister,  Henry  Smith,  Royes  BeU,  aud  many  other  Surgeons. 
Lister  recommends  that  the  wire  should  be  cut  short,  and  the  ends  hammered 
down,  the  wound  being  allowed  to  heal  over  it.  Passive  motion  is  to  be  commenced 
at  the  end  of  the  second  week.  It  is  essential  that  good  drainage  should  be 
provided  from  the  joint  during  the  first  few  days.  This  is  best  done  by  a 
small  incision  at  the  most  dependent  part  of  the  outer  side  of  the  joint, 
through  which  a  drain  of  horse-hair  or  an  india-rubber  tube  may  be  inserted. 
The  operation  has  been  performed  now  a  considerable  number  of  times ;  and 
all  recorded  have  so  far  been  successful,  good  bony  union  having  been 
obtained  in  most  cases.  It  has  been  done  both  in  recent  fi-actures  and  in  old 
cases  in  which  the  union  was  so  bad  that  the  limb  was  practically  useless. 
In  spite  of  this  success,  however,  when  the  serious  consequences  that  would 
inevitably  follow  if  septic  inflammation  were  accidentally  set  up  in  the 
joint,  and  the  excellent  results  that  are  obtained  as  a  rule  by  simple  modes 
of  treatment  are  taken  into  consideration,  it  is  evident  that  the  operation  is 
adapted  only  to  exceptional  cases,  in  which  either  other  modes  of  treatment 
have  failed,  or  the  importance  of  a  firm  knee  is  so  great  to  the  patient  as  to 
justify  him  in  running  the  extra  risk  involved  in  the  operation. 
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Stiffiiess  of  the  knee  often  rcmaius  to  a  very  inconTenicnt  degree  after  the 
treatment  of  a  fractured  patella.  It  is  usually  remedied  by  friction  and 
manipulation.  Tliomas  asserts  that  it  is  Ijetter  left  entirely  to  nature,  and 
states  that  lie  has  seen  it  take  two  years  before  useful  mobility  returned. 
But  should  it  not  yield  to  these  minor  means,  an  apparatus  consisting  of  a 
thigh-and-leg  piece  of  stiff  leather,  united  by  angularly  hinged  lateral  iron 
rods,  and  having  an  india-rubber  "  accumulator  "  adapted  behind,  should  be 
worn.  The  continued  traction  of  the  "  accumulator  "  will  gradually  flex  the 
knee.  But,  as  the  knee  becomes  bent,  the  close  union  that  may  have  appeared 
to  exist  between  the  fragments  gradually  yields,  and  they  often  gape  more  or 
less  widely,  much  to  the  disapiwintment  of  both  Surgeon  and  patient,  the 
ligamentous  band  stretching  like  a  piece  of  vulcanized  india-rubber.  This 
cannot  be  helped ;  there  is  the  alternative  between  a  straight  and  stiff  knee 
with  close  union,  or  a  flexible  and  mobile  one  with  gaping  of  the  fragments. 
After  the  knee  is  flexible,  lateral  hinged  splints  may  be  worn  without  the 
elastic  strap.  The  limb  on  recovery  is  usually  perfectly  strong,  and  good  for 
auy  exercise  except  jumping. 

In  Simple  Comminuted  Fractures  of  the  Patella,  the  result  of  direct 
blows  or  kicks,  the  fragments  are  not  much  separated,  and  union  takes  place 
readily  by  bone.  In  these  cases,  after  the  inflammation,  Avhich  usually  is  rather 
acute,  has  subsided,  the  starched  bandage  may  be  applied,  and  the  knee  and 
fragments  thus  both  kept  immovable. 

Compound  and  Comminuted  Fractures  of  the  Patella,  especially  if 
occasioned  by  bullet-wounds,  and  opening  the  knee-joint,  are  always  most 
serious  injuries.  Under  strict  antiseptic  treatment,  however,  they  can  usually 
be  saved.  The  wound  should,  if  necessary,  be  enlarged,  and  any  loose 
fi-agments  of  bone  removed  ;  the  cavity  of  the  joint  should  then  be  syringed 
out  with  carbolic-acid-lotion,  or  some  other  efiicient  antiseptic  solution.  A 
di'ainage-tube  must  then  be  inserted  on  the  outer  side  of  the  joint.  This  is 
best  done  by  passing  from  the  wound  a  pair  of  sinus  forceps,  or  the  finger,  if 
the  opening  is  large  enough,  and  making  it  project  at  the  lowest  possible  point 
on  the  outer  side  of  the  joint  ;  it  may  then  be  cut  down  upon  and  the  tube 
passed.  The  wound  must  be  dressed  with  some  efiicient  form  of  antiseptic 
dressing  and  al)solute  rest  maintained.  A  case  of  this  kind  in  University 
College  Hospital,  which  was  complicated  by  a  fracture  of  the  thigh  about 
the  middle  on  the  same  side,  progressed  under  carbolic-gauze-dressing  exactly 
like  a  simple  fi-acture.  It  was  caused  by  a  fall  of  about  thirty  feet,  the  patient 
coming  down  upon  the  bent  knee.  In  the  absence  of  the  means  of  eflaciently 
cai-rying  out  this  treatment,  as  must  sometimes  necessarily  be  the  case  in 
military  practice,  immediate  amputation  would  be  the  safest  treatment  to 
adopt. 

Necrosis  of  the  Patella  as  the  result  of  fractui-e  is  rare.    In  one  such 

case  wliich  was  under  my  care  at  the  Hospital,  the  patient,  a  middle-aged  man, 
had  met  with  an  ordinary  transverse  fracture  of  the  patella,  which  united  by 
ligament  ;  two  years  after  the  accident,  and  without  any  fresh  injurv,  he  came 
to  the  Hospital,  with  necrosis  of  the  outer  half  of  the  upper  fragment,  which 
was  completely  detached,  and  lying  in  a  cavity  shut  off  from  the^int.'  I  cut 
down  upon  and  removed  the  necrosed  fragment,  which  appeared  to  constitute 
about  one  quarter  of  the  patella.  No  cause  could  be  assigned  for  the  necrosis, 
except  defective  vascular  supply  to  this  part  of  the  bone. 
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Fractures  of  the  Bones  of  the  Leg— The  bones  of  the  leg  are  fi-e- 
quently  broken,  the  fracture  of  the  libula  being,  as  a  rule,  at  a  higher  level 
than  that  of  the  tibia.  When  both  bones  are  broken,  the  fracture  is  generally 
situated  near  the  junction  of  the  middle  and  lower  thirds,  and  the  lower 
fragments  are,  in  the  majority  of  cases,  drawn  upwards,  behind  the  upper, 
by  the  action  of  the  gastrocnemius  muscle  ;  so  that  the  edge  of  the  upper 
fragment  of  the  tibia  projects  under  the  skin  and  may  perforate  it.  In  some 
instances,  however,  the  direction  of  the  fracture  is  such  that  the  lower  frag- 
ments ride  over  the  front  of  the  upper.  The  tibia,  though  a  stronger  bone 
than  the  fibula,  is  more  frequently  fractured,  owing  to  its  being  less  pro- 
tected from  blows  by  muscles,  and  receiving  more  directly  all  shocks  communi- 
cated to  the  heel.  The  fractures  of  the  upper  part  of  this  bone  are  usually 
transverse,  and  result  from  direct  violence  ;  those  of  the  lower  part  are 
oblique,  and  proceed  from  indirect  violence.  When  both  bones  are  broken, 
the  usual  signs  of  fracture,  such  as  shortening,  increased  mobility  at  the  seat 
of  injmy,  and  crepitus,  render  the  diagnosis  easy  ;  but  when  one  bone  alone 
is  broken,  it  is  not  always  a  very  simple  matter  to  determine  the  existence  of 
the  fracture  ;  the  sound  bone,  acting  as  a  splint,  prevents  displacement,  and 
keeps  the  limb  of  a  proper  length  and  steady.  If  it  be  the  tibia  alone  that 
has  been  broken,  the  fracture  may  be  detected  by  running  the  finger  along  the 
subcutaneous  edge,  until  it  comes  to  a  point  that  is  somewhat  irregular,  puffy, 
or  tender,  where  by  accurate  examination  some  mobility  and  slight  crepitus 
may  be  detected.  When  the  fibula  alone  is  broken,  the  thick  layer  of  the 
peroneal  muscles,  overlying  its  upper  two-thirds,  renders  the  detection  of  the 
fracture  difficult.  It  can  usually  be  detected  by  pressing  the  fibula  firmly 
towards  the  tibia,  when  the  patient  will  complain  of  pain  at  the  seat  of  fi-ac- 
ture,  and  at  the  same  time  a  click  of  crepitus  may  be  felt  now  and  then  ;  by 
shifting  the  point  of  pressure,  it  will  be  ascertained  that  the  pain  is  always  at 
the  same  spot.  In  the  lower  third,  the  fi'acture  is  easily  recognized  by  atten- 
tio;a  to  the  same  signs  that  occur  in  fractured  tibia. 

In  the  Treatment  of  Simple  Uncomplicated  Fractures  of  the  Leg, 
every  possible  kind  of  apparatus  has  been  used.  In  the  majority  of  cases 
where  there  is  but  little  displacement  and  swelling,  ordinary  leg-splints 
(Cline's,  well  padded,  arc  extremely  convenient),  are  readily  applied  and  keep 
the  bones  in  good  apposition.  These  may  be  kept  on  for  the  first  few  days 
till  all  swelling  has  abated,  and  then  replaced  by  the  starched  or  plaster  band- 
ages. In  fracture  of  the  leg,  indeed,  the  starched  bandage  or  the  Bavarian  or 
Croft's  splint  is  especially  applicable.  The  starched  bandage  should  be  ajiplied 
as  folloW'S.  The  limb  having  been  well  covered  with  wadding,  a  strong  soaked 
pasteboard  splint,  four  inches  broad,  and  long  enough  to  extend  fi-om  above 
the  knee  to  six  or  eight  inches  beyond  the  heel,  should  be  appHed  to  the  back 
of  the  leg.  The  projecting  terminal  piece  is  now  to  be  turned  up  along  the 
sole  of  the  foot,  and  two  lateral  strips  adapted,  one  to  each  side  of  the  limb. 
Over  this  the  starched  bandage,  single  or  double  according  to  the  size  of  the 
limb,  must  be  tightly  applied.  After  it  is  diy,  about  the  end  of  the  second 
day,  it  must  be  cut  up  as  represented  in  Fig.  177,  and  re-adjusted,  and  the 
patient  may  then  walk  on  crutches  with  perfect  safety.  M'Intyre's  splint 
(Fig.  253)  will  be  found  of  great  service  in  the  earlier  periods,  if  there  be 
much  ecchymosis  or  extravasation,  as  it  keeps  the  limb  in  an  easy  position, 
and  allows  the  ready  application  of  evaporating  lotions.    In  applying  this 
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splint,  there  are  four  points  that  require  to  l)c  attended  to  :  1.  That  the  angle 
be  convenient,  and  suitable  to  the  apposition  of  the  fragments  ;  .2.  ihat  the 
aperture  corresponding  to  the  heel  be  closed  \)j  a  few  turns  of  a  roller  m 
which  the  heel  may  rest  fii-mly,  but  with  a  certain  amount  of  yieldnig  pressure  ; 


Fig.  253.— M'Intyre's  Splint,  modified  by  Listoii. 


3.  That  the  foot  be  covered  with  a  flannel  sock,  from  the  heel  of  which  a  tape 
passes,  by  which  the  foot  can  be  slung  up  to  the  foot  piece  ;  and,  4.  That 
the  lower  end  of  the  splint  be  raised  and  steadied  on  a  wooden  block.  In 
some  cases  of  fracture  of  the  bones  of  the  leg,  however,  M'Intyre's  apparatus 


Fig.  254.— Salter's  Swing- cradle  for  Fractured  Leg. 


is  not  applicable.  This  is  more  particularly  the  case  when  the  fracture  is 
very  oblique,  from  above  downwards,  and  from  before  backwards  ;  in  these 
circumstances,  the  fragments  cannot  be  brought  into  good  position  so  long  as 
the  limb  is  kept  extended  and  resting  on  its  posterior  surface  ;  the  bones  riding 
considerably,  and  one  or  other  of  the  fractured  ends  often  pressing  upon  the  skin 
in  such  a  way  as  to  threaten  ulceration.  In  these  cases  it  is,  that  division 
of  the  tendo  Achillis  has  been  recommended,  with  a  view  of  removing  the 
influence  of  muscular  contraction.  This  appears  to  me,  however,  to  be  an 
unnecessarily  severe  procedure,  and  certainly  was  not  very  successful  in  some 
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cases  in  which  I  have  practised  it  :  for  although  the  tendon  was  exceedingly 
I  tense,  only  temporary  benefit  resulted,  the  displacement  returning  under  the 
1  influence  of  the  other  muscles  inserted  into  the  foot.    In  these  cases  the  bones 
I  may  usually  be  brought  into  excellent  position  by  flexing  the  tliigh  well  upon 
I  the  abdomen,  and  the  leg  upon  the  thigh,  so  that  the  heel  nearly  touches  the 
I  nates,  and  then  laying  the  limb  on  its  outer  side  on  a  wooden  leg-splint, 
provided  with  a  proper  foot-piece,  and  keeping  it  fixed  in  this  position.  In 
some  cases  the  swing-cradle  (Fig.  25i)  will  be  found  a  useful  and  very  easy 
apparatus.    In  some  fi-actures  of  the  leg  in  the  upper  third,  the  lower  end  of 
the  upper  fi-agment  projects  considerably,  and  cannot  be  brought  into  proper 
position  so  long  as  the  knee  is  kept  bent  ;  but  if  it  be  extended,  so  as  to 
relax  the  extensors  of  the  thigh,  the  bone  is  readily  brought  into  good 
position.    In  fractures  of  the  leg,  as  in  all  injuries  of  a  similar  kind,  no 
one  plan  of  treatment  should  be  adopted  exclusively,  but  the  means  employed 
should  be  varied  and  suited  according  to  the  peculiarities  of  each  individual 
case. 

In  the  management  of  all  fractures  of  the  leg,  the  foot  should  be  carefully 
kept  as  nearly  as  possible  at  right  angles  to  the  leg.  If  it  be  allowed  to  drop 
so  that  the  toes  point  downwards,  the  stiffness  that  always  follows  a  fracture 
of  the  leg,  will  fix  it  in  that  position  for  some  time  after  the  fracture  is  united, 
and  until  the  false  position  is  corrected  by  forcible  flexion,  frictions,  and 
rubbing,  the  patient  cannot  use  his  leg  for  walking,  and  thus  convalescence  is 
very  much  prolonged. 

Period  of  Union. — The  time  at  which  all  artificial  support  may  be  dispensed 
with  is,  when  both  bones  are  broken,  8  weeks  ;  if  the  tibia  alone  is  fractured, 
7  weeks  ;  if  the  fibula  alone,  6  weeks. 

Complications  of  Fracture  of  the  Leg. — Should  a  traumatic  anem'ism 
form  in  the  leg,  as  a  consequence  of  injury  of  the  posterior  tibial  artery,  com- 
pression of  the  superficial  femoral  in  Scarpa's  triangle,  with  pressure  by  pad 
and  bandage  over  the  pulsating  swelling,  may  succeed.  If  not,  the  artery 
may  be  ligatured  in  Scarpa's  triangle  with  good  results.  Two  cases  of  this 
kind  are  recorded,  one  by  Dupuytren,  the  other  by  Delpech. 

For  the  treatment  of  other  Complications  of  simple  Fracture  of  the 
leg,  see  p.  525,  et  soq. 

Compound  Fractures  of  the  Tibia  are  of  more  frequent  occurrence  than 
similar  injuries  of  any  other  bone  in  the  body.  This  is  owing  to  the  thin 
covering  of  soft  parts  over  the  anterior  and  inner  aspect  of  the  bone,  and  to 
the  fact  of  its  fracture  being  usually  oblique  ;  so  that  the  sharply  pointed  end 
of  the  upper  fi-agment  is  liable  to  be  thrust  through  the  integument,  when  the 
lower  part  of  the  limb  fiills  backwards  as  the  injured  jDcrson  attempts  to  rise 
or  is  being  raised  from  the  ground.  The  fracture  may,  of  course,  be  rendered 
compound  also  by  the  same  direct  violence  that  breaks  the  bone. 

The  Treatment  must  be  caiTied  out  according  to  the  principles  laid  down 
for  the  treatment  of  compound  fractures  in  general  (p.  520), 

Haemorrhage  is  a  common  complication  of  compound  fractures  of  the  leg. 
It  must  be  treated  according  to  the  rules  laid  down  on  p.  533.  If  the  fracture 
be  situated  in  the  lower  third,  and  the  artery  torn  low  down  in  the  hmb, 
where  the  vessels  are  superficial,  and  more  especially  if  the  injury  be  near  the 
ankle-joint,  an  attempt  should  always  be  made  to  apply  a  ligature  to  the 
vessel  before  proceeding  to  the  extreme  measure  of  amputation. 
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Fractures  in  the  Vicinity  of  the  Ankle-Joint  are  among  the  most 
common  injuries  of  tlie  bones  of  the  lo^Yer  extremity.    They  are  nsually. 
occasioned  by  twists  of  the  foot,  by  shpping  olf  the  kerb,  by  catching  it  m  a 
hole  whilst  running,  by  jumping  from  a  height  to  the  ground,  or  off  a. 
carriage  in  rapid  motion.    These  fractures  are  usually  associated  with  severe 

strain,  or  even  dislocation,  of  the  ankle.  Twist  of  the 
foot  iu  these  cases  must  not  be  confounded  with  dis- 
location of  the  ankle.  In  a  twist  the  foot  carries  with  i 
it  the  lower  fragments  of  the  leg-bones,  and  the  mal-- 
leolar  arch  in  a  more  or  less  perfect  state.  In  a  dislo-  - 
cation,  the  foot  is  thrown  out  from  under  this  arch. , 
The  twist  of  the  foot  is  almost  invariably  outwards, . 
with  the  inner  side  downwards  and  the  outer  edge.- 
turned  up,  and  the  sole  usually  remains  in  this  direction, . 
tliough  not  always  to  the  extent  that  Dupuy  tren  states, . 
and  the  inner  malleolus  projects  under  the  skin.  Mostt 
commonly  the  toes  are  turned  somewhat  outw'ards,  and  I 
the  heel  inwards. 

Fractures  of  the  lower  ends  of  the  tibia  and  fibula » 
present  four  distinct  varieties  in  degree. 

1.  The  fibula  maybe  broken  at  its  weakest  point,, 
two  or  three  iuches  above  the  malleolus  externus,  the? 
deltoid  ligament  being  either  stretched  or  torn. 

2.  The  fibula  may  be  fractured  about  three  inches? 
above  the  anlde,  the  tip  of  the  malleolus  internus  being 
splintered  off  as  well  (Fig.  255).  This  constitutes  the 
form  of  injury  called  Pott's  Fracture,  and  is  perhaps 
the  most  common  fracture  in  this  situation.  It  very 
frequently  becomes  compound,  the  sharp  edge  of  the 
root  of  the  malleolus  cutting  through  the  skin  as  the 
foot  is  twisted  outwards. 

3.  The  fibula  may  be  fractured  about  three  inches  above  the  ankle,  andl 
the  lower  end  of  the  tibia  at  the  same  time  be  splintered  off  in  an  oblique.' 
direction  from  without,  dowmwards,  and  inwards  (Fig.  257). 

4.  The  internal  malleolus  may  alone  be  broken  off,  the  fibula  remaining  r 
sound,  but  one  of  the  divisions  of  the  external  lateral  ligament  being  torn  i 
through. 

The  Sijins  of  these  fractures  vary  somewhat  according  to  the  bone  that  is? 
injured.    When  the  fibula  alone  is  broken,  there  is  but  slight  dis])lacement  off 
the  foot,  but  great  pain  and  much  swelling,  with  perhaps  indistinct  crepitus,  andl 
in-egularity  of  outline,  at  the  seat  of  fracture.    When  the  lower  part  of  the. 
fibula  is  broken,  pain  is  produced  at  the  fi-actured  part  by  squeezing  the  bones  f 
of  the  leg  together  at  a  point  distant  from  the  seat  of  injury.    If  the  tip  of ' 
the  hmcr  malleolus  be  broken  oft"  as  well,  this  may  be  ascertained  by  feeding: 
the  depression  above  the  detached  fragment.    In  these  cases  the  crepitus  is  • 
more  distinct,  and  the  displacement  of  the  foot  is  much  more  marked,  the  sole 
being  turned  somewhat  upwards  and  outwards,  and  the  patient  resting  upon  i 
its  inner  side.     It  is  this  peculiar  twist  of  the  foot  with  its  outer  edgec 
turned  up,  and  the  inner  side  down,  that  constitutes  the  characteristic  sign  of ' 
Pott's  fracture.     In  those  cases  in  ^Yhich  the  lower  end  of  the  tibia  is - 


Fig.  255. — Di.siilacenieiit  of 
Boiie.s  anil  Foot  iu  Pott's 
Fracture  (Richard). 
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obliquely  splintered,  as  well  as  the  fibula  broken,  there  are  not  only  the 
ordinary  sig-ns  of  fracture,  with  eTcrsion  of  the  toes,  and  a  corresponding 
turninu-  inwards  of  the  heel,  but  the  malleoli  are  widely  sejiarated,  giving  an 
appearance  of  great  increase  of  breadth  to  the  joint ;  crepitus  is  A'cry  readily 
felt,  and  a  depression  can  be  perceived  corresponding  to  the  line  of  fracture. 

The  Treatment  of  these  cases  is  always  fraught  with  difficulty.  In  con- 
sequence of  the  swelling  and  inflammation  that  usually  occur,  it  is  often 
difficult  to  make  out  tlie  exact  extent  and  direction  of  the  fracture.  This 
difficulty  is  greatly  increased  by  the  small  size  and  short  leverage  afforded  by 


Fig.  256.— Pott's  Fracture.  Fig.  257.— Franttire  of  tlio  Lower  Eml 

of  the  Tibia  and  Fibula. 

the  frag-meuts  ;  and  so  great  is  it,  that  in  some  cases  it  cannot  be  overcome 
by  any  amount  of  skill  and  patience  that  may  be  brought  to  bear  on  the 
treatment  of  the  injury,  but  a  certain  degree  of  displacement  resuh,s  as  the 
necessary  consequence  of  the  injury,  leaving  a  weak  and  painful  joint,  the 
mobility  of  which  is  seriously  impaired. 

If,  as  usually  happens,  more  particularly  when  the  fracture  results  from 
direct  violence,  there  be  a  good  deal  of  swelling  from  ecchymosis  and  inflam- 
matory exudation,  this  will  require  to  be  subdued  by  the  continuous  application  of 
cold,  and  the  limb  should  be  laid  on  a  sj^lint.  If  there  be  not  much  displacement 
of  the  foot,  the  treatment  may  best  be  conducted  by  splints  with  good  foot-pieces, 
and  the  starched  or  plaster  bandage.  When  there  is  no  twist  of  the  foot, 
perhaps  the  best  treatment  is  to  put  the  limb  up  in  lateral  leg-s])lints,  with  good 
foot-pieces,  and  swung  in  a  cradle.  I  have  found  the  splint.  Fig.  258,  a  very 
useful  appliance  in  cases  of  fracture  of  the  bones  of  the  leg,  one  or  both,  in 
their  lo^\•er  third.  The  apparatus  consists  of  an  ordinary  leg-splint  cut  across 
at  the  upper  part  of  the  lower  third,  the  two  pieces  being  united  by  a  double 
rack  and  pinion.  By  means  of  this  mechanism  four  primary  movements  can 
be  given  to  the  lower  part  of  the  splint,  by  which  the  various  displacements, 
that  are  apt  to  occur  in  fractures  in  this  situation,  can  be  counteracted  and 
con-ected.    Thus  the  lower  end  of  the  splint  can  be  moved  backwards  or 
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forwards,  outwards  or  inwards  (Fig.  258),  and  by  the  combined  action  of  the. 
two  screws  a  compound  or  doulMe  movement  may  be  impressed  upon  the  lower- 
frao-ments  of  the  l)roken  bones.  It  is  in  cases  of  fractm-e  of  the  lower  third  off 
the"  fibuha,  ^Yith  displacement  outwards,  or  of  both  bones  low  down  with  \ 


Fig.       — Rack-a:id-Pinioii-Splint  for  Fractui'e  of  Lower  Thinl  of  Leg. 


tendency  to  displacement  backwards,  that  this  splint  will  be  found  most: 
useful.  It  may  be  applied  to  either  side  of  the  leg,  as  best  seems  to  suit  the; 
case  in  question.  Whatever  apparatus  is  used,  care  must  be  taken  to  keep » 
the  sole  of  the  foot  nearly  at  a  right  angle  with  the  leg.  If  the  toes  be  allowed  to ) 


Fig.  259.— Eack-ancI-PiTiioii-Leg-splint  applied  to  comet  Displacement  of  Foot  outwards. 

point,  it  will  be  found  that  there  is  in  some  cases  a  tendency  for  the  astragalus 
to  roll  forwards,  as  it  were,  from  under  the  malleolar  arch.  In  other  instances, 
again,  one  of  the  sharp  angular  fragments  connected  with  the  bone  may  be 
pressed  forwards,  and  uniting  in  this  position,  gi^•e  rise  to  permanent 
defonnity.  But  whatever  care  be  employed,  or  apparatus  applied,  it  will  be 
found  impossible  in  some  cases  to  replace  one  of  the  thin  angular  fragments, 
if  it  become  twisted  on  its  axis,  and  project  sharply  under  the  skin. 
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If  the  foot  l)e  twisted  much  outwards,  as  often  happens  in  Pott's  fracture, 
Dupnytren's  splint  may  be  applied  to  the  inner  side  of  the  Hmb,  so  as  to 
counteract  the  displacement  (Fig,  2G0).  In  applying  the  apparatus,  three 
points  require  attention.  1.  The  pad  should  be  folded  double  at  the  lower 
end,  and  not  descend  below  the  upper  fragment,  so  as  to  form  a  fulcrum, 
across  which  the  foot  may  be  drawn  to  the  inner  side.  2.  The  bandage 
should  be  applied  iirst  to  the  upper  part  of  the  splint.  It  should  not  be 
carried  above  the  knee,  but  terminate  just  below  the  flexure  of  the  joint. 
3.  The  knee  should  be  bent,  so  as  to  flex  the  leg  on  the  thigh,  and  thus  to 
relax  the  strong  muscles  of  the  calf,  which,  by  drawing  up  the  heel,  and 
causing  the  toes  to  point  downwards,  offer  a  serious  obstacle  to  the  maintenance 
of  the  foot  in  a  good  position.  Much  stiflFuess  is  always  left  after  union  has 
taken  place,  the  ankle  remaining  rigid,  weak,  and  useless  for  a  long  time. 


Fig.  260. — ^Application  of  Dupnytren's  Splint  in  Pott's  Fracture. 


This  is  especially  the  case  in  elderly  people.  When  this  fracture  occurs  in 
advanced  life  the  mobility  of  the  ankle-joint  is  rarely,  if  ever,  regained,  and 
lameness  is  the  ahnost  inevitable  result,  due  partly  to  adhesions  in  the  sheaths 
of  the  tendons,  partly  to  some  slight  displacement  of  the  articular  surfaces. 
In  such  cases  wi-enching,  followed  by  passive  motion,  douches  and  frictions 
may  do  much  to  restore  the  mobility  of  the  fibres. 

In  Pott's  fracture,  where  the  malleolar  arch  is  split  through,  a  peculiar 
deformity  is  apt  to  result,  consisting  of  widening  of  the  lower  end  of  the  leg 
by  separation  of  the  malleoli.  The  astragalus  is  driven  upwards,  the  shaft 
with  the  inner  malleolus  projects  somewhat  to  the  inner  side,  whilst  the  outer 
half  of  the  malleolar  arch  is  carried  outwards  with  the  lower  end  of  the  fibula. 
The  transverse  line  between  the  malleoli  is  increased  by  half  an  inch. 

Fracture  of  the  Internal  and  External  Malleolus  occasionally  takes 
place,  with  great  displacement  of  the  foot  backwards.  It  most  frequently 
occurs  from  catching  the  heel  in  running  down  stairs.  The  disi)lacement 
backwards  is  occasionally  overlooked,  as  the  malleoli  having  gone  back  with 
the  bones  of  the  tarsus,  the  appearances  are  very  deceptive,  and  the  patient 
may  thus  be  left  with  the  toes  pointed  down  and  an  almost  useless  foot. 

Treatment. — This  displacement  may  be  treated  by  the  application  of  one  of 
the  jointed  splints  above  mentioned  (Fig,  258),  or  should  that  fail,  Syme's 
anterior  splint  may  be  used.  This  is  a  straight  splint,  long  enough  to  reach 
from  the  head  of  the  tibia  to  below  the  foot  ;  its  lower  extremity  is  cut  out 
into  a  deep  horse-shoe-shaped  notch,  wide  enough  to  take  the  instep  between 
the  two  prongs.  It  must  be  padded  by  a  double  pad,  made  of  two  rolls  of 
cotton  wool  in  calico  ;  these  must  lie  one  on  each  side  of  the  spine  of  the  tibia 
to  protect  it  from  pressure.  The  splint  is  then  firmly  bandaged  to  the  anterior 
aspect  of  the  leg,  and  the  toot  is  drawn  foi-ward  by  bandages  passing  round  the 
prongs  and  under  the  heel,  the  heel  being  protected  by  a  thick  soft  pad. 
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Compound  Fracture  into  the  Ankle-joint  is  necessarily  a  serious  and 
dangerous  accident.  In  tliis  injury,  the  edge  of  the  fractured  bone  cuts  through 
the  integument  by  apparently  a  clean  and  simple  wound,  but  the  subjacent 
areolar  tissue  is  often  widely  torn,  and  the  deep-seated  mischief  may  be  far 
more  extensi^■e  than  that  which  the  Surgeon  would  be  led  to  expect  from  the 
appearance  of  the  exterual  wound.  When  the  wound  is  made  by  the  sharp 
edge  of  the  root  of  the  malleolus,  as  soon  as  the  foot  is  replaced  and  the  ten- 
sion on  the  skin  caused  by  the  eversion  is  relaxed,  the  opening  no  longer 
coiresponds  to  the  seat  of  fi'acture,  and  consequently,  if  decomposition  of 
the  discharges  takes  place  and  the  joint  becomes  filled  with  sej^tic  matter, 
there  is  no  efficient  means  of  drainage,  and  suppuration,  with  great  tension 
and  deep  burrowing  of  pus,  ensues  ;  the  ankle-joint  is  destroyed  and  secondary 
amputation  often  becomes  necessary.  The  injury,  however,  is  usually  recovered 
from  with  a  good  and  useful  limb  when  the  patient  is  3'ouug  and  of  sound 
constitution,  and  the  dangers  of  inflammation  and  suppuration  are  prevented 
by  the  establishment  of  good  drainage,  by  the  prevention  of  decomposition, 
and  by  perfect  rest.  As  age  advances,  however,  and  the  constitution  becomes 
broken,  less  is  to  be  expected  from  conservative  surgery. 

In  the  Treaimmt,  the  course  to  be  pursued  will  depend  upon  the  extent  of 
the  injury.  If  the  fracture  be  not  much  comminuted,  the  wound  in  the  soft 
parts  clean  cut  and  but  moderate  in  extent,  and  the  large  vessels  of  the  foot 
uninjured,  an  attempt  should  be  made  to  save  the  limb.  The  wound  and  the 
joint  must  be  carefully  cleaned  with  carbolic-acid-lotion.  If  it  is  evident 
that  the  drainage  is  insufficient  the  wound  may  be  enlarged  in  such  a  way  as 
to  provide  an  efficient  exit  for  the  discharges  from  behind  the  malleolus  ;  any 
splintered  fragments  must  be  removed  and  the  wouud  left  open  to  heal  by 
gTanulation,  some  form  of  antiseptic  dressing  being  ap])lied.  The  limb  must 
be  firmly  fixed  on  a  splint  ;  as  a  rule  a  lateral  splint  applied  to  the  side  opposite 
the  wound  Avill  be  found  the  most  convenient.  If  the  wound  is  on  the  inner 
side,  as  it  almost  always  is,  the  limb  must  be  flexed  and  laid  on  its  outer  side  ; 
should  it  be  on  the  outer  side  it  may  be  swung  in  a  Salter's  cradle.  Occasionally 
a  Mclntyi-c's  splint  (Fig.  253)  may  be  found  the  most  convenient,  but  it  must 
be  swung  from  a  cradle  and  not  fixed  to  a  block  ;  perfect  fixity  of  the  foot  is 
here  of  the  first  consequence. 

If  there  be  great  comminution  of  bone,  with  dislocation  of  the  foot,  and 
perhaps  rupture  of  the  posterior  tibial  artery,  in  a  person  at  or  above  the 
middle  period  of  life,  amputation  should  be  practised.  In  a  young  subject, 
such  a  serious  iujury  even  as  this  may  be  recovered  from,  if  the  Surgeon 
remove  loose  fragments  and  saw  off  the  splintered  ends  of  the  bone. 

If  much  of  the  fibula  should  require  removal,  Stromcyer  has  recommended 
that  the  limb  be  amputated  instead,  lest  an  useless  foot,  affected  with  a  kind  of 
valgus,  be  left.  But,  in  children  and  young  subjects,  this  inconvenience  and 
deformity  may  be  overcome  by  mechanical  means  ;  and  the  probability  of  its 
occuiTence  would  not,  in  my  opinion,  justify  amputation. 

In  badly  set  fractures  near  the  ankle-joint,  great  deformity  with  much 
impairment  of  use  of  the  foot  may  result.  In  these  cases  the  inner  malleolus 
will  be  found  to  project  greatly,  the  fibula  to  be  curved  inwards  above  its 
lower  third,  so  as  to  form  a  concavity  above  the  external  malleolus,  and  the 
foot  to  be  turned  somewhat  outwards  (Fig.  20 1).  I  have  in  two  instances  of 
such  ill- set  fractures  succeeded  in  removing  the  deformity  to  a  considerable 
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extent,  even  after  as  leno-thened  a  period  as  a  year  and  a  half  or  two  years,  by 
dividing  the  fibula  subcutaneously  by  means  of  a  narrow-bladed  saw  at  the 
seat  of  greatest  concavity,  forcibly  adducting  the  foot,  and  then  putting  up 
the  fracture  in  a  Dupuytren's  splint. 

Fractures  of  the  Bones  of  the  Foot  almost  invariably  result  from 
direct  violence,  and  are  usually  accompanied  by  bruising  and  injury  of  the 
soft  parts  ;  hence  much  displacement  is  rare,  and, 
when  the  fi-acture  is  simple,  rest  and  position  alone 
are  necessary.  Compound  fractures  of  the  tarsal  or 
metatarsal  bones,  attended  by  much  bruising  and 
laceration,  usually  retpiire  partial  removal  of  the  foot, 
its  disarticulation  at  the  ankle-joint,  or  amputation 
in  the  lower  third  of  the  leg,  according  to  the  extent 
and  severity  of  the  injury. 

The  Calcaueum  may  be  broken  by  direct  violence, 
as  when  a  person  jumping  from  a  height  alights 
forcibly  on  his  heel,  and  thus  fractures  the  bone. 
In  this  way  the  bone  is  usually  simply  broken  across 
in  front  of  the  ligaments  without  displacement.  I 
have,  however,  seen  both  calcanea  extensively  com- 
minuted, being  shattered  to  pieces,  in  the  case  of  a 
lady,  who,  falling  from  a  window  on  the  third  story, 
alighted  on  her  heels.  In  some  rare  cases,  by  the 
powerful  contraction  of  the  strong  muscles  of  the 
calf,  the  posterior  part  of  the  os  calcis  is  torn  away 
fi'om  the  rest  of  the  bone. 

Signs. — When  the  os  calcis  is  simply  broken 
through  at  the  posterior  part  behind  the  insertion 

of  the  lateral  ligaments,  the  detached  fragment  will  be  drawn  up  by  the 
action  of  the  strong  muscles  of  the  calf.  But  when  the  fracture  occurs  across 
the  body  of  the  bone,  no  displacement  can  take  place,  owing  to  the  lateral  and 
interosseous  ligaments  keeping  the  posterior  fragment  in  position,  and  pre- 
venting its  being  drawn  away. 

In  the  first  form  of  fracture,  the  pain,  swelling,  flattening  of  the  heel,  and 
prominence  of  the  malleoli.  Indicate  the  nature  of  the  injury,  even  though 
crepitus  be  wanting.  In  the  second  variety,  the  mobility  of  the  fragment,  and 
its  projection  jjosteriorly  owing  to  the  action  of  the  muscles  of  the  calf,  point 
to  the  existence  of  the  fi-acture,  which  is  confirmed  by  the  occurrence  of 
crepitus. 

In  the  Treatmmt  of  these  injuries,  keeping  the  part  fixed  by  means  of 
bandages  and  splints,  wdth  due  attention  to  the  relaxation  of  the  muscles 
attached  to  the  tendo  Achillis,  by  flexing  the  leg  and  extending  the  foot,  is  all 
that  can  be  done.  Union  occm's  probably  by  bone  in  some  cases,  though  very 
commonly  by  fibrous  tissue. 

The  Astragalus  alone  is  rarely  broken.  Ten  recorded  cases  of  this  injury 
have  been  collected  by  Monahan  :  in  nine  of  these  the  fracture  occurred  from 
falls  from  a  height  on  the  foot ;  in  one  only  from  direct  violence.  I  have  seen 
two  cases  of  fractiu'c  of  the  astragalus  ^vithout  implication  of  any  other  of 
the  tarsal  bones.  In  one  case  it  was  the  result  of  direct  violence  ;  a  cart-wheel 
passing  over  the  foot  occasioned  a  fi-acture  of  the  astragalus  through  its  neck. 


Fig.  201.— Badly  set  Pott's  Frac- 
ture, curable  by  operation. 
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There  was  no  matcvial  dis])laccment,  but  the  line  of  fracture  could  be  readily 
felt,  and  crepitus  was  very  distinctly  elicited  on  flexing  and  extending  the  foot. 
No  better  treatment  can  be  adopted  in  such  a  case  than  the  starched  or  plaster- 
bandage. 

In  the  other  case  the  fracture  was  the  result  of  indirect  violence,  the  patient, 
a  man  about  30  years  of  age,  falling  from  a  height  of  about  eight  yards,  and 
alighting  on  his  feet.  Here  the  fracture  was  evidently  occasioned  by  the  mal- 
leolar arch  being  forcibly  driven  downwards  on  the  foot,  so  that  the  astragahis  was 
broken  across  transversely  just  in  front  of  the  surface  that  articulates  with  the 
tibia— the  line  of  fracture  running  obliquely  downwards  and  backwards,  so 
that  the  whole  of  the  upper  and  posterior  part  of  the  bone  was  detached.  This 
large  fragment  was  widely  displaced,  being  driven  outwards  and  backwards,  so 
as  to  lie  between  the  fibula  and  the  tendo  Achillis,  lacerating  the  skin  to  the 
extent  of  about  one  inch  longitudinally,  and  projecting  through  the  opening 
thus  made.  The  foot  presented  a  singular  degree  of  deformity,  which  is 
represented  in  the  annexed  figure  (Fig.  2G2).    The  outer  malleolus  projected 

greatly ;  and  immediately  behind  this  the 
,  displaced  fi-agment  could  be  felt  and  seen 

/  /  partially  protruding  through  the  rent  in 

i  /  the  skin.    The  inner  malleolus  was  de- 

'v    /  pressed ;  there  was  a  deep  hollow  below 

Hfec'^^^'^siX  this.    The  os  calcis  was  apparently  turned 

B^fei;"^^^^!*..  somewhat  towards  the  inner  side  of  the 

JHB|fe^^,,  foot.    The  sole  was  arched,  the  skin  much 

^^^B|HBB1M|^  wrinkled,  and  the  great  toe  forcibly  flexed. 

^'^I^^^^BMi  jml,  1*^/  'nX   There  was  a  deep  transverse  furrow  in 
^fer     ■■'•'^mKBfBm^^3iL£       fi'ont  of  the  ankle-joint.    On  discovering 
^^iiS^'^^^'^^^^^^^^^xJ^^  tbe  nature  of  the  accident,  and  seeing  the 
Fig.  202.-coin,ninute.i  Fracture  of  Astragalus,  hopclessncss  of  reduction,  or  rather  the 
Dis].iac.MMent  backwards.  impossibility  of  maintaining  the  displaced 

fragment  in  position,  I  cut  down  upon  it 
by  enlarging  the  opening  through  which  it  showed  itself,  and  then,  seizing  it 
with  strong  bone-forceps,  twisted  it  out,  dividing  the  ligamentous  connexions. 
The  case  was  then  treated  as  one  of  compound  dislocation  of  the  ankle-joint. 
About  a  month  after  the  accident,  the  patient  died  of  pyasmia  ;  and,  on  exa- 
mining the  foot,  it  wa.s  found  that  the  anterior  portion  of  the  astragalus  had 
been  splintered  into  seven  fragments,  which  were  retained  in  place  by  the 
pressure  of  the  surrounding  parts.  No  other  bone  of  the  tarsus  Avas  injured, 
nor  was  the  malleolar  arch  fractured.  Of  this  splintering  of  the  anterior  frag- 
ment, there  was  no  evidence  during  life  ;  nor  was  there  any  reason  to  suspect 
it,  as  there  was  neither  crepitus  nor  displacement.  The  extent  of  the  fracture 
showed  the  immense  force  with  which  the  malleolar  arch  had  been  driven 
downwards  on  the  astragalus  by  the  weight  of  the  patient's  body. 

The  only  similar  case  with  which  I  am  acquainted  is  one  recorded  by  Morris. 
In  this  the  displaced  fragment  did  not  occasion  a  wound  of  the  integument. 
It  was  excised  owing  to  the  impossibility  of  reducing  it ;  but  the  anterior  part 
of  the  astragalus  which  was  left  fell  into  a  state  of  caries,  which  spread  to  the 
other  tarsal  l)ones,  renderiug  amputation  of  the  foot  necessary. 

The  other  tarsal  bones  are  but  A^ery  rarely  fractured,  except  in  crushes  or 
gun-shot  injuries  of  the  foot.    The  Scaphoid  I  have  once  seen  fractured  by  a 


METATARSAL  BONES. 


625 


fall.  It  was  in  the  case  of  a  man  who  fell  down  the  shaft  of  a  lift  at  an  hotel, 
about  60  feet  deep,  receiving  injuries  to  the  chest  and  spine  that  eventually 
killed  him.  He  appeared  to  have  alighted,  in  the  first  instance,  on  the  right 
foot,  the  OS  calcis  of  which  was  extensively  fi-actured,  and  the  scaphoid  broken 
across  without  displacement,  the  astragalus  being  uninjured. 

In  all  cases  of  fi'acture  of  the  tarsal  bones,  whether  simple  or  compound, 
with  so  much  displacement  as  to  render  reduction  difficult  and  its  mainten- 
ance impossible,  the  best  course  to  be  pursued  is  that  of  cutting  down  upon 
and  removing  the  displaced  fragment.    I  know  not  what  else  can  be  done. 

Fractxire  of  the  Metatarsal  Bones  usually  occurs  from  direct  violence, 
as  by  the  passage  of  the  wheel  of  a  cart  or  railway-carriage  over  the  foot,  and 
is  then  attended  with  so  much  laceration  and  bruising  of  the  soft  parts  as  not 
unfrequently  to  render  amputation  necessary.  I  have  in  one  instance  known 
the  three  outer  metatarsal  boues  broken  by  a  person  jumping  from  a  height. 
But  most  commonly  their  elasticity  saves  them,  and  the  ankle-joint  gives  way 
in  such  an  accident.  There  is  but  little,  if  any,  displacement  in  these  cases  ; 
and  unless  the  soft  parts  be  so  damaged  as  to  require  amputation,  the  support 
of  a  starched  or  plaster  bandage  is  usually  all  the  treatment  that  is  necessary. 
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DISLOCATIONS. 

By  a  Dislocation  is  meant  the  more  or  less  sudden  and  complete  displacement 
of  one  of  the  bony  structures  of  a  joint  fi-om  the  other.  In  the  ball-and-socket 
joints,  as  the  hip  and  shoulder,  the  osseous  structures  may  be  completely 
separated  from  one  another,  the  dislocation  then  Ijeing  Complete.  In  the  hinge- 
joints,  as  the  elbow  and  knee,  the  osseous  surfaces  commonly  remain  partially  in 
contact,  though  displaced  from  their  normal  relations  to  one  another  :  here  the 
dislocation  is  Incomplete.  In  most  dislocations  the  integuments  covering  the 
displaced  bones  are  put  greatly  on  the  stretch ;  but  in  some  they  are  ruptured, 
and  then  the  dislocation  is  Compound.  Besides  these  varieties,  Surgeons  recog- 
nize Spontaneous  dislocation,  in  which  the  displacement  does  not  occur  from 
external  violence.  In  other  cases  again,  the  dislocation  arises  from  Congenital 
malformation  of  the  joint,  in  conse(pience  of  which  the  bones  cannot  remain 
in  proper  apposition  ;  and  finally,  dislocation  may  take  place  slowly  and  gra- 
dually as  a  result  of  disease  in  the  articulation  and  surrounding  tissues.  This 
is  termed  pathological  dislocation. 

It  is  customary  nowadays  to  describe  dislocations  of  the  distal  bone  or  the 
more  movable  bone;  formerly,  dislocation  of  the  proximal  bone  was  often 
sj)oken  of. 

Causes. — Dislocation  is  Predisposed  to  by  various  conditions,  amongst 
which  the  nature  of  the  joint  appears  to  exercise  most  influence ;  ball-and-socket 
joints  being  more  liable  to  dislocation  than  any  of  the  other  articulations, 
whilst  in  some  of  the  synchondroses  it  never  occurs.  Kronlein  states  that  51 
per  cent,  of  all  dislocations  occur  at  the  shoukler  joint,  27  per  cent,  at  the 
elbow,  and  2  per  cent,  at  the  hip.  These  statistics  have  been  obtained  from 
the  combined  records  of  the  in-  and  out-patient  practice  of  the  hospitals  in 
Berlin,  whereas  those  published  by  Malgaigne  and  some  others  have  been 
derived  from  in-patient  practice  only,  and  are  consequently  very  erroneous. 

Dislocations  arc  seldom  met  with  in  children,  in  whom  separation  of  the 
epiphysis  from  the  shaft  more  readily  takes  place.  When  they  do  occur  it  is 
most  frequently  at  the  elbow-joint.  Kronlein  states  that  out  of  400  disloca- 
tions treated  in  the  hospitals  at  Berlin,  22  were  met  with  in  this  situation  in 
children  under  ten  years  of  age.  I  have  had  under  my  care  a  child,  just  one 
year  old,  with  dislocation  of  the  head  of  the  femur  on  the  os  pubis,  occasioned 
by  another  older  child  dragging  it  along  the  ground  by  its  leg  ;  Ivirby  and 
Madge  have  both  seen  dislocations  of  the  femur  on  the  dorsum  ilii  in  children 
of  three  and  three  and  a  half  years  old  ;  and  Travers  has  seen  the  hip  dis- 
located in  a  boy  five  years  of  age.  In  old  people  the  bones  are  so  brittle,  and 
the  ligaments  so  tough,  that  violence  causes  fracture  rather  than  dislocation. 
Hence  it  is  principally  in  young  and  middle-aged  subjects  that  dislocations 
are  met  with.  This  is  well  illustrated  by  an  analysis  of  84  cases  of  disloca- 
tions of  the  hip-joint,  collected  by  Hamilton  :  of  these,  15  occurred  under  15 
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years  of  age,  32  between  15  and  30,  29  between  30  and  45,  and  8  between 
45  and  85.  They  are  necessarily  far  more  common  in  men  than  in  Avomen, 
from  the  nature  of  their  respective  occupations.  Thus,  aqpording  to  Hamilton, 
of  115  dislocations  of  the  hip,  only  11  occurred  in  women. 

The  articular  ends  of  the  bones  of  the  extremities  are  kept  in  their  propex' 
positions  by  the  arrangement  of  the  osseous  and  ligamentous  structures  of  the 
joints,  aided  by  the  continuous  tension  of  the  muscles  ;  and  considerable  ex- 
ternal violence  may  be  applied  to  a  limb  without  dislocating  it.  If,  however, 
the  muscles  be  taken  by  surprise,  or  if  they  have  been  weakened  by  previous 
injury  of  any  kind,  the  joint  becomes  predisposed  to  dislocation,  and  may  be 
displaced  under  the  influence  of  very  slight  causes ;  especially  if  it  be  one 
where  the  articulating  surface  is  shallow  and  the  ligaments  are  comparatively 
weak.  In  this  way  the  same  joint  may  be  repeatedly  dislocated.  Thus  I  have 
seen  a  man  whose  humerus  had  been  dislocated  between  forty  and  fifty  times, 
owi?ig  to  a  weakened  state  of  the  deltoid. 

The  Direct  Causes  of  Dislocation  are  external  violence  and  muscular 
artion.  External  violence  may  act  directly  upon  a  joint,  forcing  or  twisting 
the  articular  ends  asunder,  as  happens  when  the  foot  is  displaced  by  a  twist  of 
the  ankle,  or  when  the  thumb  is  dislocated  backwards  by  a  IjIow.  But  more 
commonly  the  force  acts  at  a  distance  from  the  joint  that  is  displaced,  and  the 
head  of  the  bone  is  throAvn  out  of  its  socket  by  "the  lever-like  movement  of 
the  shaft,"  as  happens  when  the  head  of  the  humerus  is  dislocated  by  a  fall  on 
the  hand,  or  when  the  head  of  the  femur  is  dislocated. 

Jfasci/lar  aciiofi  alone  may  cause  the  dislocation  of  a  bone,  even  though  the 
part  be  previously  in  a  sound  state.  Thus,  the  lower  jaw  has  been  dislocated 
hy  excessive  gaping,  and  the  humerus  by  making  a  violent  muscular  effort. 
If  the  joint  have  already  been  weakened  by  previous  injury  or  disease,  muscular 
action  is  esjwcially  apt  to  occasion  its  displacement.  Congenital  dislocations 
have  been  supposed  to  arise  from  irregular  muscular  contractions  in  the  foetus, 
by  which  the  bones  are  displaced,  and  the  nonnal  development  of  the  joint  is 
interfered  with.  In  dislocations  of  the  ball-and-socket  joints,  after  the  head 
of  the  bone  has  been  thrown  out  of  its  articular  cavity,  it  is  often  still  further 
displaced  by  the  contraction  of  the  muscles,  which  continues  until  they  have 
shortened  themselves  to  their  full  extent,  or  until  the  dislocated  bone  comes 
into  contact  with  some  osseous  prominence  that  pre^'ents  its  farther  dis- 
placement, 

gj(5jfg_ — The  existence  of  a  dislocation  is  rendered  evident  by  the  change  in 
the  shape  of  the  joint,  and  in  the  relation  of  the  osseous  prominences  to  one 
another  :  by  the  articular  end  of  the  displaced  bone  being  felt  in  a  new 
position  ;  and  by  an  alteration  iji  the  length  of  the  limb,  and  in  the  direction 
of  its  axis.  Besides  this,  there  are  impaired  motion,  both  active  and  passive, 
of  the  injured  articulation,  and  pain  in  and  around  it.  It  should,  however, 
be  borne  in  mind  that  fracture  may  exist  with  the  dislocation  ;  hence  the 
mobility  may  be  increased.  In  examining  a  patient  for  a  supposed  dislocation 
the  Surgeon  should  never  fail  to  compare  the  injured  joint  with  that  on  the 

other  side  of  the  body. 

Effects.— The  effects  of  dislocation  on  the  structure  of  a  joint  are  always 
serious.  The  bones  are  occavsionally  fractured  as  well  as  displaced,  more  parti- 
cularly in  hinge-joints  :  the  cartilages  may  be  injured  ;  and  the  ligaments  are 
always  much  stretched  and  more  or  less  extensively  torn,  the  capsule  of  the 
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joint  sufferiiio-  especially.  This  is  always  torn  by  the  pressure  of  the  head  of 
the  bone  in  dislocation  of  ball-and-socket  joints :  in  those  of  hinge-joints,  it 
may  escape.  The  situation  of  the  slit  in  the  capsule  is  of  great  importance  in 
reference  to  reduction.  It  commonly  occurs  in  the  shoulder  towards  the 
attachment  around  the  glenoid  cavity  ;  in  the  hip,  as  Busch  has  pointed  out, 
at  the  acetabular  margin.  In  many  cases,  the  muscles  and  tendons  in  the 
immediate  neighbourhood  are  lacerated  as  well  as  displaced,  and  the  vessels 
and  nerves  compressed.  The  skin  is  commonly  stretched,  and  sometimes 
ruptured,  when  the  dislocation  becomes  compou7id.  If  the  dislocation  be 
simple,  and  if  reduction  be  speedily  effected,  the  injuries  are  soon  repaired  ; 
and  although  a  good  deal  of  stiffness  may  continue,  the  functions  of  the  joint 
are,  in  general,  not  permanently  interfered  with. 

If  the  dislocation  be  left  unreduced,  important  changes  take  place  within 
and  around  the  joint,  in  the  bony  structures,  the  ligaments,  capsule,  and 
muscles.    The  changes  in  the  bony  structures  are  very  slow,  differing  in  this 
respect  materially  in  ordinary  traumatic  dislocations,  from  what  takes  place  in 
a  joint  that  has  been  dislocated  as  the  result  of  disease.    If  the  articulation  be 
of  the  ball-and-socket  kind,  as  the  shoulder  or  hip,  the  cavity  undergoes  very 
gi'adual  changes  in  outline  and  depth ;  its  circumference  becomes  contracted, 
less  regular,  more  angular,  and  the  hollow  eventually  shallows.    These  changes 
are  so  slow  in  the  adult,  that  a  year  or  more  will  elapse  before  they  have  gone 
on  to  such  a  degree  as  to  prevent  the  displaced  head  of  the  bone  from  being- 
put  back.    In  children  and  young  people  they  are  more  rapid  and  complete, 
and  the  cavity  fills  up  with  a  dense  fibrous  tissue.    In  the  hinge-joints,  the 
articular  ends  of  the  displaced  bones  become  altered  in  shape — flattened  or 
angular,  with  the  osseous  projections  less  strongly  marked.    The  incrusting 
cartilage  is  gradually  absorl)ed,  and  the  bone  smoothed.    The  ligaments  are 
shortened  and  wasted  ;  and  a  false  joint  forms  around  the  articular  end  of  the 
bone  in  its  new  situation.    In  some  cases,  the  bone  upon  which  the  dislocated 
head  rests  becomes  depressed  into  a  shallow  cup-shaped  cavity,  so  as  to  receive 
it ;  in  others  the  depression  is  formed  by  the  elevation  of  a  rim  of  callus  upon 
the  adjacent  bone  ;  and  in  both  instances  the  areolar  tissue  in  the  neighbour- 
hood becomes  consolidated  into  a  fibrous  capsule  surrounding  and  fixing  the 
bone  in  its  new  situation,  and  usually  i^crmifcting  but  a  limited  degree  of 
motion.    The  soft  structures  that  have  been  lacerated  at  the  time  of  the  dis- 
location become  matted  together  by  cicatricial  fibrous  tissue  ;  the  muscles 
shorten,  and  at  last  undergo  fatty  degeneration  if  the  position  of  the  limb  is 
such  that  it  is  incapable  of  movement.    The  neighbouring  vessels  and  nerves 
may  become  attached  to  the  new  joint,  or  their  sheaths  become  incorporated 
with  the  altered  structures  in  contact  with  them. 

Treatment.— In  the  treatment  of  dislocations,  the  first  and  principal  indi- 
cation consists  in  replacing  the  bone  in  its  normal  situation  as  speedily  as 
possible.  In  doing  this,  the  Surgeon  has  two  great  difiiculties  to  overcome  : 
1,  the  contraction  of  the  muscles  of  the  part ;  and,  2,  the  resistance  arising 
from  the  anatomical  structure  of  the  joint  and  the  laceration  of  the  capsule. 

1.  One  great  ol)stacle  to  reduction  in  most  dislocations  is  the  tonic  con- 
Imrfion  of  the  mmdes  inserted  into  or  below  the  displaced  bones  ;  and  in  the 
reduction  of  the  dislocation  the  Surgeon's  efforts  are  partly  directed  to  over- 
come this  contraction.  The  amount  of  resistance  due  to  muscular  contraction 
may  be  measured  by  the  effects  produced  by  autcsthetizing  the  patient  So 
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much  of  the  resistance  as  is  overcome  by  putting  the  patient  nnder  the  in- 
fluence of  ether  or  cliloroform,  is  due  to  muscular  contraction.   All  that  which 
continues  after  this,  is  due  to  purely  mechanical  causes  connected  with  the 
arrangement  of  the  osseous  and  ligamentous  structures  of  the  joint,  or  with  the 
injury  inflicted  on  them.    The  resistance  offered  by  the  muscles  is  of  several 
different  kinds,  and  is  dependent  on  diflFerent  causes.    The  influence  exercised 
by  the  patient's  will,  and  the  tonic  contraction  or  passive  force  exerted  by  the 
shortened  and  displaced  muscles,  undoubtedly  often  offer  great  obstacles  to 
reduction.     But  more  serious  than  tbese  by  far  is  the  reflex  or  spasmodic 
action,  which  the  patient  is  unable  to  control,  and  which  can  be  overcome  only 
by  force,  by  faintncss,  or  by  the  paralysing  influence  of  ana3sthetics.  The 
longer  the  dislocation  is  left  unreduced,  the  more  powerful  does  the  resisting 
force  become  ;  being  less  at  the  moment  of  the  accident  and  immediately  after- 
wards, than  at  any  subsequent  period.    Hence  reduction  should  be  attempted 
as  soon  as  possible  after  the  occurrence  of  the  accident ;  and,  if  the  patient 
be  seen  at  once,  the  bone  may  sometimes  be  replaced  without  much  difficulty 
by  the  unaided  efforts  of  the  Surgeon.    Thus  Liston  reduced  a  dislocated  hip 
by  his  own  endeavours  immediately  after  the  accident  occurred.   If  a  few  hours 
have  elapsed,  the  muscular  tension  becomes  so  great  that  special  measures  must 
be  adopted  in  order  to  diminish  it ;  and  if  some  weeks  or  months  have  been 
allowed  to  pass  by,  the  dislocation  may  have  become  irreducible,  partly  owing 
to  permanent  secondary  shortening  of  the  muscles,  w^hich  it  is  impossible  to 
overcome,  but  chiefly  to  the  matting  together  of  the  surrounding  tissues,  and 
the  formation  of  adhesions  about  the  head  of  the  bone.    The  muscular 
resistance  is  greatest  when  an  attempt  is  made  at  reduction  by  forcible 
traction  in  the  direction  of  the  longitudinal  axis  of  the  limb,  and  parallel  to 
the  course  of  the  muscles. 

In  the  reduction  of  a  recent  dislocation,  advantage  may  sometimes  be  taken 
of  the  occurrence  of  faintuess,  or  of  the  patient's  attention  being  distracted  to 
other  matters,  the  muscles  being  then  taken,  as  it  were,  by  surprise,  and  the 
bone  readily  slipping  into  its  place.  Such  aids  as  these,  however,  cannot  be 
depended  upon ;  and  muscular  relaxation  should  be  induced  by  the  administra- 
tion of  chloroform  or  ether.  By  the  employment  of  these  valuable  agents,  the 
muscles  of  the  strongest  man  may  be  rendered  so  perfectly  flaccid  and  powerless 
in  a  few  minutes  as  to  offer  no  opposition  whatever  to  reduction,  which  is  thus 
wonderfully  simplified  and  facilitated.  In  no  department,  indeed,  of  practical 
surgery  has  the  administration  of  anesthetic  agents  been  attended  by  more 
advantageous  results  than  in  this. 

2.  The  reduction  of  dislocations  is  impeded  also  by  the  mechanical  resist- 
ance arising  from  the  anatomical  structure  of  the  joint  and  its  lif/ame?its.  The 
observations  of  Bigelow,  Busch,  and  others  have  proved  that  this  impediment 
to  reduction  is  of  more  importance  than  was  formerly  supi)osed.  Bigelow 
has  shown  by  dissection  of  dislocations  of  the  hip,  produced  in  the  dead  body, 
that  the  characteristic  attitude  of  the  limb  and  the  difficulty  of  reduction  is  due 
to  the  tension  of  the  unruptured  parts  of  the  capsule  and  its  accessory  bands 
consequent  upon  the  abnormal  position  of  the  head  of  the  bone,  and  thus  it 
is  not  until  these  are  relaxed,  by  placing  the  hmb  in  the  proper  position,  that 
reduction  can  be  accomplished.  Busch  has  shown  that  the  same  is  true  of  the 
shoulder  joint,  the  characteristic  position  of  the  chief  forms  of  dislocation  being 
maintained  when  the  whole  of  the  soft  parts  have  been  removed  except  the 
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ligaments.  If  tlic  ligaments  are  more  extensively  torn,  the  limb  falls  mto 
positions  quite  ditfereiit  fi'om  those  ordinarily  set  forth  in  descriptions,  giving 
rise  to  those  rare  displacements  which  Bigelow  has  classed  as  irregular  dis- 
locaiions. 

In  other  cases,  the  head  of  the  bone  may  be  grasped  by  the  edges  of  the 
rent  in  the  capsule  through  which  it  has  passed,  and  reduction  is  almost  im- 
possible till  the  limb  is  placed  in  such  a  position  as  to  relax  them  thoroughly. 
In  hinge-joints,  the  bony  processes  may  get  locked  into  each  other,  as,  for 
example,  in  dislocation  of  the  bones  of  the  forearm  backwards,  when  the 
coronoid  process  hitches  against  the  lower  end  of  the  humerus.  The  false 
position  is  then  maintained  chiefly  by  the  tonic  contraction  of  the  muscles. 

Bearing  these  fiicts  in  mind,  the  reduction  of  a  dislocation  is  eflected  by 
the  followiug  means  : — 

Mechanical  contrivances  are  much  less  frequently  used  for  the  reduction 
of  dislocation,  since  the  employment  of  auEesthetics,  than  formerly.  It  is,  how- 
ever, occasionally  necessary  to  employ  apparatus  calculated  to  flx  the  articular 
surface  from  Avhich  the  bone  is  dislocated,  and  to  draw  down  or  disentangle  the 
displaced  bone  to  such  an  extent  that  it  may  be  replaced  on  the  surface  ft'om 
which  it  has  escaped.  If  the  patient  have  not  been  anasstlietized,  it  will  be 
found  that,  when  the  bone  is  well  brought  down  by  the  extending  force  so  as 
to  be  opposite  its  articulation,  and  disentangled  from  osseous  points  upon  which 
it  may  have  hitched,  or  from  the  edge  of  the  slit  in  the  lacerated  capsule,  it 
will  be  drawn  at  once  into  its  proper  position  by  the  action  of  its  own  muscles, 
with  a  sudden  and  distinct  snap  ;  the  muscles  of  the  part  being  the  most 
efficient  agents  in  the  reduction,  so  soon  as  the  bone  is  placed  in  a  position  for 
them  to  act  upon  it.  When,  however,  the  patient  has  been  placed  under  the 
influence  of  chloroform,  the  muscular  system  being  thoroughly  relaxed,  the  bone 
will  not  slip  into  its  place  with  a  snap  or  sudden  jerk,  but  is  reduced  more 
quietly,  and  rather  by  the  efforts  of  the  Surgeon,  than  by  any  sudden  contraction 
of  its  own  muscles.  It  is  important  to  note  these  differences  in  the  mode  of 
reduction  ;  lest  the  Surgeon,  when  chloroform  has  been  fully  administered, 
failing  to  hear  the  snap  or  feel  the  jerk  which  he  expected,  should  imagine 
that  the  bone  has  not  been  reduced,  and  continue  to  use  an  improper  degree 
of  extension. 

The  purely  mechanical  means  for  the  reduction  of  dislocations  are  sufficiently 
sim]ile  :  the  patient's  body,  and  the  articular  cavity  whence  the  luxated  bone 
has  escaped,  are  fixed  by  a  split  sheet,  a  jack-towel,  a  padded  belt,  or  some 
such  contrivance,  by  Avhich  counter-exlension  is  practised.  In  some  cases  the 
hands  of  an  assistant,  or  of  the  Surgeon  himself,  or  the  pressure  of  his  knee  or 
heel,  constitute  the  best  counter-extending  means.  Extension  may  be  made 
either  by  the  Surgeon  grasping  the  liml)  to  be  reduced  and  drawing  it  down- 
wards, or  else  by  means  of  a  bandage  or  jack-towel  fixed  upon  the  part,  with 
tlie  clove-hitch-knot  applied  in  the  way  represented  in  the  annexed  cut 
(Fig.  2G3).  If  more  force  be  required,  the  multiplying  pulleys  (Fig.  21)8) 
may  be  used,  by  which  any  amount  of  extending  force  that  may  be  required 
can  readily  be  set  up  and  maintained.  When  any  powerful  extending 
force  is  applied,  the  skin  of  the  part  should  always  be  protected  from  being 
chafed  by  a  few  turns  of  a  wet  roller.  The  extension  must  be  made  slowly  and 
gradually  without  any  jerking,  so  as  to  secure  equality  of  motion  as  well  as  of 
traction.    In  this  way  the  contraction  of  the  muscles  is  gradually  OA-ercome, 
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Fig.  2Ci3.  —  Baiulage    aiiplied  for 
Exteusion :  Clove-hitch  Knot. 


whereas  sudden  and  forcible  extension  might  excite  them  to  reaction.  The 
traction  shoukl  be  commenced  in  the  newly  acquired  axis  of  the  hmb,  and  by 
this  means  the  dislocation  is  often  readily  reduced  ;  but  if  it  does  not  yield 
at  once,  the  direction  should  be  changed,  while  the  traction  is  kept  up,  to  that 
which  relaxes  to  tlie  fullest  extent  the  untorn  ligaments  or  bands  of  the 
capsule.  This  will  in  most  cases  correspond  to  the 
position  of  the  limb  at  the  time  of  the  accident. 
The  head  of  the  bone  is  thus  made  to  pass  along 
the  same  track  which  it  has  torn  for  itself  in  being- 
dislocated,  and  thus  is  replaced  without  the  inflic- 
tion of  any  additional  violence  on  the  surrounding- 
tissues. 

The  question  whether  the  extending  force  should 
be  applied  to  the  bone  that  is  actually  displaced,  or 
to  the  further  end  of  the  limb,  has  been  much  dis- 
cussed, and  appears  to  have  received  more  attention 
than  it  deserves.  It  is  true  that,  by  applying  the 
extending  force  to  the  displaced  bone  itself,  the 
Surgeoii  has  greater  command  over  its  movements, 
with  less  chance  of  injniy  to  the  intervening  bones  ; 
whilst,  by  applying  the  extending  force  to  the  lower 
part  of  the  extremity,  he  has  the  advantage  of  a 
longer  lever  for  the  reduction  of  the  head  of  the 
bone.  This  lever,  however,  it  must  be  remembered, 
is  in  many  cases  a  broken  one  ;  and  it  cannot  be 
made  to  act  if  the  bone  have  to  be  replaced  in 

the  direction  of  flexion  of  the  joints  that  exist  in  its  course.  For  this 
reason,  we  find  that  some  dislocations  are  best  reduced  by  applying  traction  to 
the  bone  itself  that  is  displaced,  as  in  luxations  of  the  femur  and  of  the  bones 
of  the  fore-arm  ;  whilst,  in  other  cases,  as  in  the  dislocations  of  the  humerus, 
most  advantage  is  gained  by  applying  the  extending  force  to  the  end  of  the 
limb.  But  I  look  upon  these  points  as  of  comparatively  little  consequence  ; 
believing  that,  when  the  patient  is  not  aniesthetized,  the  muscles  of  the  limb 
themselves  efi'ect  the  reduction,  without  the  necessity  of  the  Surgeon  employing 
any  very  pow^erful  lever-like  action  of  the  bone  ;  and  that,  when  the  patient  is 
paralysed  by  chloroform,  the  bone  is  in  most  cases  readily  replaced  by  the 
simple  movements  unpressed  directly  upon  it,  or  even  upon  its  articular  end, 
by  the  hands  of  the  Surgeon. 

The  force  required  in  effecting  the  reduction  of  recent  dislocations  is  often 
very  considerable.  So  great  is  the  resistance  oflPered,  that  in  some  cases  the 
dislocated  bone  has  given  way  under  the  traction.  I  am  acquainted  with  cases 
in  which  the  humerus  and  the  neck  of  the  femur  have  been  broken  in  effecting 
the  reduction  of  recent  dislocations.  This  accident  does  not  always  appear  to 
have  been  the  result  of  any  improper  or  unskilful  employment  of  force,  but 
in  some  cases  to  have  occurred  from  natural  weakness  of  bone.  We  know  that 
"spontaneous"  fi-actures  take  place  from  muscular  action,  often  of  a  veiy 
slight  kind  :  and  we  can  easily  understand  that,  if  a  bone  that  would  be 
liable  to  such  ready  fracture  happened  to  be  dislocated,  it  would  almost  of 
necessity  give  way  under  the  influence  of  the  extending  or  lever-like  force 
required  to  replace  it. 
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Manipulation  of  the  limb — that  is,  impi-essing  upon  it  certain  movements 
of  extension  and  flexion,  of  adduction,  abduction,  and  rotation — is,  whenever 
possible,  the  best  mode  of  reducing  a  dislocation.  The  movements  impressed 
on  limbs  arc  guided  by  the  anatomical  relations  of  the  parts  concerned  in  the 
dislocation,  and  have  for  their  object  to  relax  untorn  ligaments  and  parts  of  the 
capsule  which  are  rendered  tense  by  the  abnormal  position  of  the  head  of  the 
bone  ;  to  bring  the  head  of  the  bone  opposite  the  rent  in  the  capsule ;  and 
sometimes,  by  using  the  attachment  of  the  untorti  ligament  as  a  fulcrum ;  and 
the  limb  as  a  lever,  to  force  the  head  into  the  socket.  In  other  cases  the  par- 
ticular movement  may  have  for  its  object  to  dislodge  a  process  of  bone  ft-om 
another  against  which  it  has  hitched,  or  to  relax  the  chief  muscles  which  hold 
the  bone  out  of  its  place.  When  the  patient  is  anaesthetized,  and  all  muscular 
resistance  has  thus  been  removed,  any  remaining  difficulty  in  effecting  reduc- 
tion must  be  due  to  purely  mechanical  causes  dependent  on  the  disarrangement 
of  the  bones  and  ligaments.  Under  the  older  methods  of  treatment,  where 
much  force  was  employed  by  pulleys  or  other  similar  contrivances,  these 
were  often  torn  through.  But,  since  the  introduction  of  manipulation,  the 
Surgeon  effects  the  reduction  by  a  far  less  degree  of  force,  replacing  the 
bone  on  simple  mechanical  principles,  by  relaxing  the  ligaments  and  disen- 
tangling the  bones  from  one  another.  The  situation  and  extent  of  the 
laceration  of  the  capsule  of  the  joint  are  also  of  great  importance  as  offering 
an  obstacle  to  reduction,  in  some  cases  constricting  the  neck  of  the  bone,  in 
others  having  one  lip  of  the  slit  pressing  against  the  bone  in  such  a  way  as  to 
resist  all  efforts  to  move  it.  An  extreme  degree  of  force  is  required  to  tear 
through  and  thus  overcome  obstructions  of  this  kind  ;  but  they  may  readily  be 
relaxed  and  slipped  aside  by  skilful  manipulation  and  attention  to  the  position 
of  the  limb. 

Manipulation  has  been  especially  useful  in  dislocation  of  the  hip,  shoulder, 
and  knee,  and  the  details  of  the  process  will  be  described  with  the  special  dis- 
locations of  these  joints. 

After-Treatment. — After  the  dislocation  has  been  reduced,  the  limb 
must  be  kept  firmly  fixed  and  at  rest  by  proper  bandages  or  splints  for  two  or 
three  weeks,  so  as  to  allow  proper  union  to  take  place  in  the  torn  capsule  and 
neighbouring  structures.  If  this  is  not  done  the  joint  may  be  permanently 
weakened  and  be  liable  to  a  recurrence  of  displacement  fi-om  very  slight  causes. 

Any  consecutive  inflammation  may  often  be  prevented  by  the  continuous 
apphcation  of  cold  ;  and,  if  set  up,  must  be  treated  by  local  antiphlogistic 
measm-es.  The  fixation  of  the  joint  must  not  be  maintained  for  too  long  a 
time,  lest  adhesions,  often  of  a  painful  character,  form.  These  may  be  avoided 
by  passive  motion.  If  they  have  formed,  they  may  readily  be  broken  down 
by  the  manipulations  commonly  emjDloyed  in  such  cases  by  "  bone-setters," 
who,  fixing  the  joint  by  pressure  of  the  thumb  on  the  painful  spot,  in  a 
manner  well  described  by  "W.  Hood,  impart  sudden  and  forcible  movement  to 
the  limb,  by  which  adventitious  bands  are  ruptured. 

Dislocations  of  Old  Standing.— If  a  dislocation  have  been  left  unre- 
duced for  some  weeks  or  months,  changes,  which  have  already  been  described, 
take  place  in  and  around  the  displaced  articular  structures,  the  double  effect 
of  which  is  to  render  the  replacement  of  the  bones  in  their  normal  position 
more  and  more  diflicult  as  time  goes  on,  and  to  lead  to  the  formation  of  a  new 
though  imperfect  articulation  at  the  seat  of  the  displaced  bone. 
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When  a  dislocation  has  been  left  permanent]}'  nnreduced  for  a  considerable 
length  of  time,  as  for  years,  the  amount  of  ntility  in  the  Ihnb  will  depend 
partly  on  the  kind  of  joint  that  has  been  dislocated,  partly  on  the  particular 
variety  of  dislocation  that  has  occurred.  Thus,  as  a  general  rule,  greater 
freedom  of  movement  and  greater  utility  of  limb  will  be  found  in  old-standing 
dislocations  of  ball-and-socket  than  of  hinge-joints.  But  in  ball-and-socket 
joints  some  dislocations  will,  if  left  unreduced,  be  attended  with  less  evil 
consequences  to  the  patient  than  others.  Thus,  in  the  subglenoid  dislocation 
of  the  shoulder  and  the  sciatic  of  the  hip,  the  hmb  will  recover  itself  to  a 
gi-eater  extent  than  in  the  other  forms  of  the  same  kind  of  injury  affecting 
these  joints. 

Treatment. — In  cases  of  very  old  and  irremediable  unreduced  dislocation, 
much  may  be  done  by  means  of  regularly  conducted  passive  mo^•emcnts  to 
increase  the  mobility  of  the  part,  and  by  means  of  friction  and  warm  douches 
to  relieve  the  painful  stiffness.  In  cases  not  so  old,  but  in  which  some  time 
has  elapsed  since  the  occurrence  of  the  dislocation,  two  questions  always 
present  themselves  to  the  Surgeon  : — 1.  Is  it  possible  to  replace  the  dislocated 
bone  ?    2.  Is  it  desirable  or  prudent  to  attempt  reduction  ? 

The  possibility  of  reducing  the  dislocation  will  depend  pai'tly  upon  the 
joint  that  is  dislocated  and  the  nature  and  extent  of  the  dislocation,  but 
chiefly  on  the  length  of  time  during  which  the  bone  has  been  out  of  place. 
Dislocations  of  the  orbicular  joints  generally  can  be  reduced  at  a  much  later 
period  than  those  of  the  ginglymoid  ;  those  of  the  shoulder  can  be  reduced 
after  a  longer  lapse  of  time  than  those  of  the  hip.  The  subglenoid  dislocation 
of  the  shoulder  and  that  of  the  hip  on  the  dorsum  ihi  are  capable  of  reduction 
at  a  later  period  than  the  other  luxations  of  the  same  joints. 

The  latest  period  at  which  reduction  is  possible  has  been  variously  estimated 
by  different  Surgeons.  Sir  A.  Cooper  gives  three  months  for  the  shoulder  and 
eight  wrecks  for  the  hip.  As  a  general  statement,  this  was  no  doubt  tolerably 
correct  at  the  time  when  it  was  made,  although  reduction  had  been  effected  at 
later  periods  than  those  given  by  Cooper.  Thus  Brcschet  reduced  a  dislocation 
of  the  hip  at  the  78th  day,  and  Travers  at  the  fifth  month.  But  we  may  now 
go  far  beyond  this  as  the  limit  of  possible  reduction.  Brodhurst  has  reduced 
the  shoulder  on  the  175th  day ;  Smith  (U.S.)  in  one  case  at  the  seventh 
month,  in  another  at  ten  months  and  a  half  ;  Sedillot  one  at  a  year  ;  Black- 
man  of  Cincinnati,  a  dislocation  of  the  femur  on  the  dorsum  ilii,  at  six  months ; 
Dupierris  of  the  Havana,  one  at  over  six  months,  in  a  boy,  and  this  without 
chloroform  ;  and  R.  W.  Smith,  after  nine  months  had  elapsed. 

The  Obstacles  to  the  Reduction  of  old-standing  dislocations  are  rather 
pathological  than  physiological  and  anatomical  as  in  the  case  of  recent  displace- 
ments. They  are  of  several  distinct  kinds : — 1,  The  powerful  tonic  contraction 
of  the  shortened  and  displaced  muscles  ;  2.  The  organic  changes  that  have 
taken  place  in  the  muscles  partly  from  the  contraction  of  the  cicatricial  tissue 
formed  in  the  repair  of  the  lacerations  which  occurred  at  the  time  of  the 
injury,  and  partly  from  the  shortening  that  has  taken  place  to  adapt  the 
muscles  to  the  altered  relation  of  the  head  of  the  bone  ;  8.  Adhesions  that 
form  between  the  lacerated  capsule  and  the  muscles  and  the  displaced  head  of 
the  bone  ;  4.  Lastly,  as  a  more  remote  effect,  pathological  changes  in  the 
articulating  surfaces  themselves,  by  which  their  shape  becomes  altered  and 
■the  socket  shallowed,  contracted,  and  perhaps  ultimately  obliterated. 
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In  order  to  overcome  these  obstacles  a  considerable  amount  of  force  must  be 
used,  as  adhesions  and  contractions  have  to  be  stretched  and  torn  asunder. 
This  is  effected  by  the  multiplying-  pulleys  and  by  manipulation  under  chloro- 
form. In  employing  the  necessary  force,  care  must  be  taken  to  protect  the 
skin  from  al)rasion,  or  even  laceration,  by  the  use  of  wet  flannel-bandages  or 
wash-leather.  The  force  exercised  by  the  pulleys  must  be  considerable  ;  but 
it  should  be  accompanied  by  free  rotatory  manipulations  and  movements  of 
the  head  of  the  bone,  so  as  to  loosen  it  from  its  adhesions  ;  and  reduction  will 
usually  be  effected  in  this  way  rather  than  by  forcible  traction  only. 

Anaesthesia  is  of  inestimable  service  in  these  cases  ;  and  it  is  hy  its 
means  that  the  Surgeon  has  been  enabled  to  prolong  materially  the  limit 
of  possible  reduction.  But,  in  the  reduction  of  old  dislocations,  antesthetics 
do  not  afford  exactly  the  same  kind  of  service  as  in  those  of  recent  date. 
In  a  recent  dislocation  one  great  obstacle  is  muscular  contraction  ;  and,  by 
relaxing  this,  anaesthetics  enable  the  Surgeon  to  replace  the  bone  at  once 
without  difficulty.  In  old  dislocations  the  obstacles,  as  has  just  been  stated, 
consist  in  various  pathological  changes  that  have  taken  place  around  and  in 
the  displaced  bones.  These  conditions  cannot  be  influenced  by  anesthesia  ; 
and  hence,  except  as  a  means  of  producing  insensibility  to  pain  and  preventing 
instinctive  or  voluntary  muscular  resistance,  chloroform  will  not  aid  the 
Surgeon. 

It  must  be  borne  in  mind  that  the  reduction  of  old  dislocations  is 
not  only  a  work  of  very  considerable  difficulty,  but  also  of  danger.  If 
several  months  have  elapsed,  the  obstacles  arising  from  the  pathological 
changes  already  mentioned  will  usually  be  so  ol)stinate  as  to  render  the 
reduction  impossible  Avithout  the  employment  of  a  dangerous  amount  of 
force ;  and  in  many  cases  they  will  prevent  reduction,  whatever  force  be 
employed. 

The  Accidents  liable  to  occur  during  attempts  to  reduce  old  dislocations, 
whether  successful  or  not,  are  the  following  : — 1,  Laceration  of  the  skin  by 
the  constriction  and  pressure  of  the  bands  to  which  the  pulleys  are  attached. 
2.  Laceration  of  muscles  :  thus  the  pectoral  has  been  torn  through  in  attempt- 
ing reduction  of  old  dislocation  of  the  shoulder.  3.  The  development  of  inflam- 
mation and  suppuration  around  the  dislocation,  by  the  violence  to  which  the 
soft  parts  have  been  subjected.  From  this  cause  death  has  several  times 
resulted,  in  attempts  at  reducing  old  hip-dislocations.  4.  Extensive  extravasa- 
tion of  blood  fi-om  the  rupture  of  small 'vessels  in  the  lacerated  soft  parts, 
giving  rise  to  wide-spread  ecchymosis.  5.  Laceration  of  one  of  the  larger 
veins.  A  patient  of  Froriep's  died  from  this  cause,  after  rupture  of  the 
axillary  vein,  in  an  attempt  to  reduce  an  old  dislocation  of  the  shoulder.  G. 
Laceration  of  an  artery,  and  the  formation  of  a  diffused  traumatic  aneurism. 
This  serious  accident  has  happened  at  least  twelve  times  in  attempted  reduc- 
tion of  old  dislocations  of  the  shoulder.  The  brachial  artery  has  also  been 
torn  in  attempted  reduction  of  dislocated  elbow.  7.  Laceration  of  neighbouring 
nerves.  Those  of  the  axillary  plexus  have  been  torn  in  attempted  reduction 
of  dislocation  of  the  shoulder,  and  the  median  in  that  of  the  elbow.  Flauljert 
has  recorded  a  case  in  which  the  four  lower  nerves  entering  into  the  brachial 
plexus  were  torn  away  from  the  cord.  The  patient,  a  woman  70  years  of 
age,  died  eighteen  days  afterwards,  Avith  paralysis  of  both  arms  and  of  the  leg 
on  the  same  side  as  the  injury.    8.  Fracture  of  the  dislocated  bone.  This 
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serious  accident  has  iisuall}-  happened  Avhen  the  Snrgeon,  after  the  employment 
of  extension,  has  attempted  to  })ut  in  force  transverse  movements  of  the  bone, 
or  has  used  the  bone  as  a  lever  ;  it  has  given  way,  usually,  high  up  near 
the  head,  at  other  times  in  the  shaft.  It  is  probable  that  in  most  cases  this 
has  been  predisposed  to  by  the  bone  having  become  weakened  by  want  of  use. 
It  has  occurred  several  times  in  the  humerus,  aud  at  least  eight  times  in  the 
femur,  in  attempts  at  reducing  old  dislocations  of  these  bones.  In  most  of 
the  recorded  cases  the  bone  has  readily  united,  and  the  condition  of  the 
patient  has  not  been  materially,  if  at  all,  influenced  for  the  worse,  except  that 
reduction  of  the  dislocation  has  necessarily  been  rendered  impossible.  9.  Neigh- 
bouring bones  have  been  fi-actured,  such  as  the  ribs  and  the  glenoid  cavity  in 
the  endeavour  to  reduce  dislocation  of  the  shoulder,  and  the  acetabulum  in 
attempted  reduction  of  a  luxated  hip.  10.  The  limb  has  actually  been  torn 
oif.  This  remarkable  and  distressing  accident  happened  to  Gue'rin  of  Paris, 
in  attempting  the  reduction  without  pulleys,  but  merely  by  the  traction  of 
four  assistants,  of  a  dislocation  of  the  shoulder  of  three  months'  standing,  in  a 
woman  Oo  years  of  age,  the  limb  being  suddenly  torn  oft"  at  the  elbow.  The 
patient  died  on  the  twelfth  day  ;  and  on  examination,  the  bones  were  found 
porous,  the  muscular  and  otlier  soft  structures  pulj^y,  the  limb  having  evidently 
lost  its  natural  strength  and  elasticity. 

The  occurrence  of  these  ^■arious  accidents  and  injuries,  in  the  attempted 
reduction  of  old  dislocations,  cannot  always  be  justly  attributed  to  theemj)loy- 
ment  of  an  improper  degree  of  force  by  the  Surgeon.  The  liability  to  them 
must  rather  be  looked  upon  as  a  necessary  aud  inevitable  accompaniment  of 
all  attempts  at  putting  back  into  its  place  a  bone  which  has  been  dislocated, 
and  left  unreduced  for  many  weeks  or  months.  During  this  period  the  bone 
usually  contracts  adhesions  of  a  very  dense  kind  to  the  parts  amongst 
which  it  lies  ;  and,  as  it  cannot  be  replaced  in  its  articular  cavity  until  these 
adhesions  have  been  torn  or  broken  through,  it  is  easy  to  understand  how, 
in  the  attempt  to  do  this,  neighbom-ing  soft  parts,  vessels,  or  nerves  may  give 
way,  or  the  bone  itself  may  yield  to  the  force  that  must  be  applied  to  it  in 
order  to  lift  it  out  of  its  new  bed. 

The  liability  to  the  occurrence  of  these  accidents  should  make  the  Surgeon 
very  cautious  how  he  recommends  an  attempt  to  reduce  old-standing  dis- 
locations. If  after  a  time  the  new  joint  have  become  tolerably  mobile,  and 
be  not  painful,  it  may  be  better  to  leave  the  bone  unreduced,  rather  than 
expose  the  patient  to  great  risk,  with  a  slender  prospect  of  eventual  success. 
If  tlie  unreduced  dislocation  be  stiff  and  painful,  much  may  be  done  by  passive 
motion,  frictions,  and  douches,  to  improve  the  patient's  condition. 

The  Subcutaneous  Section  of  muscles,  tendons,  and  bands  of  adhesions 
in  the  neighbourhood  of  the  dislocated  joint,  has  been  proposed  by  Dieflenbach 
as  a  means  of  facilitating  reduction  in  old-standing  cases  ;  and  he  relates  an 
instance  in  which,  by  these  means,  a  shoulder  that  had  been  dislocated  for  two 
years  was  reduced.  In  many  cases  in  which  this  plan  has  been  tried,  the 
success  has  not  been  commensurate  with  the  expectations  raised  respecting  it ; 
and  in  other  instances,  of  which  I  have  seen  two  or  three,  the  operation  has 
been  followed  by  sloughing  and  other  serious  evils,  while  it  has  not  been 
attended  by  any  benefit  in  facilitating  reduction. 

DisLOCATiox  is  one  of  the  most  serious  injuries  to  which  a  limb 
can  be  subjected.    Not  only  iS  there  such  extensive  laceration  of  the  soft  parts 


636 


DISLOCATIONS. 


that  coTcr  and  enter  into  the  forination  of  the  joint  as  to  give  rise  to  the  most 
severe  forms  of  tranmatic  arthritis,  but  the  bones  arc  often  iractured,  and  the 
main  vessels  of  the  Hmb  perhaps  greatly  stretched  or  torn. 

The  Treatment  of  a  compound  dislocation  must  be  conducted  on  the  same 
principles  that  guide  the  Surgeon  in  the  management  of  a  wounded  joint, 
viz.,  rest,  drainage,  and  the  prevention  of  decomposition.  Owing  to  the 
rupture  of  the  ligaments  and  muscular  attachments,  tliere  is  usually  no 
difficulty  in  the  reduction  ;  but  the  danger  consists  in  the  destructive  inflam- 
mation that  so  frequently  follows  in  the  joint.  This,  as  Avas  before  pointed 
out,  is  due  chiefly  to  the  accumulation  of  decomposing  discharges  in  the 
cavity ;  but  in  the  case  of  a  compound  dislocation,  it  is  aggravated  by  the 
severe  bruising  and  laceration  of  the  surrounding  structures.  Consequently 
extensive  inflammation  and  suppuration  with  sloughing  may  follow  the  injury. 
In  all  cases  it  is  better  not  to  make  any  attempt  to  close  the  wound  by  suture, 
as  this  would  only  interfere  with  the  drainage,  and  union  by  the  first  intention 
is  practicably  impossible.  Cleaning  the  wound  and  dressing  it  must  be 
conducted  on  the  principles  laid  down  in  the  chapter  on  wounds  of  joints 
(p.  492).  If  the  joint  be  a  large  one,  the  line  of  practice  will  vary  according 
to  circumstances  other  than  the  mere  dislocation.  Thus,  if  it  be  in  the  upper 
extremity,  the  patient  being  healthy,  and  the  soft  ]iarts  not  very  extensively 
contused  or  torn,  the  bones  may  be  replaced,  after  the  joint  has  been  properly 
cleaned  with  carbolic-acid-lotion  (1  in  20),  or  some  other  antiseptic  solution, 
and  may  then  be  dressed  by  one  of  the  antiseptic  methods  already  described. 
Dry  cold  may  be  applied  over  the  dressing  if  possible.  The  limb  must  be 
placed  on  a  sj^lint  to  ensure  rest  for  about  two  weeks,  after  which  if  all  goes 
Avell  passive  motion  may  be  commenced  with  care.  Should  suppuration  take 
place,  passive  motion  would  only  ensure  the  destruction  of  the  joint ;  the  limb 
must  then  be  firmly  fixed  on  a  splint  with  the  hope  of  obtaining  ankylosis. 
If  there  be  fracture  conjoined  with  the  dislocation,  resection  should  be  prac- 
tised, as  was  successfully  done  by  Hey  in  several  cases  of  injury  of  the  elbow 
of  this  description;  but  if  the  soft  parts  be  greatly  injured  as  well,  and  espe- 
cially if  the  blood-vessels  and  nerA'es  of  the  limb  have  suttered,  amputation 
must  be  performed.  In  the  lower  extremity,  amputation  is  more  frequently 
necessary ;  in  the  knee,  almost  invariably  so.  Sir  A.  Cooper  states  that  he 
knows  no  accident  that  more  imperatively  demands  amputation  than  compound 
dislocation  of  this  joint.  Yet  there  are  exceptions  to  this  rule  ;  thus.  White 
had  a  case  of  compound  dislocation  of  the  knee-joint  in  a  boy,  nine  years  of 
age,  at  the  Westminster  Hospital,  in  which  he  saved  the  limb  by  sawing  olf 
the  condyles  of  the  femur  and  reducing  the  bone.  In  compound  disloca- 
tions of  the  ankle  and  the  astragalus,  an  attempt  should  generally  be  made  to 
save  the  limb,  in  the  way  that  will  be  more  specially  pointed  out  when  we 
come  to  treat  of  these  injuries. 

After  recovery  from  compound  dislocation,  the  joint  Avill  often  remain 
permanently  stiffened  ;  hence  attention  to  position  during  the  treatment  is 
essentially  required.  In  many  cases,  however,  very  good  motion  is  ultimately 
obtained,  though  the  stiffness  may  continue  for  some  length  of  time. 

Complications.— Fracture  of  the  Shaft  of  one  of  the  Long  Bones 
with  Dislocation  of  its  Head  increases  considerably  the  difficulty  of  re- 
duction. In  these  circumstances,  it  has  been  recommended  to  consolidate  the 
fracture  first,  and  then  to  attempt  the  reduction.    But  to  do  this  is  only  to 
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defer  and  increase  the  difficulties.  At  least  seven  or  eight  weeks  must  elapse 
before  the  fracture  will  be  sufficiently  firmly  united  to  bear  the  requisite  trac- 
tion to  reduce  so  old  a  dislocation  ;  and  then  there  will  be  great  chance  of 
rupture  of  the  callus,  and  there  will  certainly  be  extreme  difficulty  in  the  re- 
duction. It  therefore  appears  to  me  much  safer,  under  all  circumstances,  to 
endeavour  to  reduce  the  dislocation  at  once,  and  afterwards  to  treat  the  fracture 
in  the  usual  way.  In  reducing  a  dislocation  complicated  with  fracture  of  the 
shaft  of  the  displaced  bone,  the  fracture  must  first  be  put  up  very  firmly  indeed, 
with  wooden  splints  completely  encasing  the  hmb.  The  patient  must  then  be 
put  fully  under  the  influence  of  chloroform,  which  is  of  the  most  essential 
service  in  those  cases  ;  and,  when  the  muscles  are  completely  relaxed,  extension 
and  counter-extension  being  made  in  the  usual  way,  the  reduction  may  be 
effected.  The  extending  means  should  always  be  applied  upon  the  splints,  so 
that  there  may  be  no  dragging  upon  the  fracture.  In  this  way  I  have  reduced, 
without  any  difficulty,  a  dislocation  of  the  head  of  the  humerus  into  the  axilla, 
complicated  with  comminuted  fracture  of  the  shaft  of  the  bone,  in  a  remark- 
ably muscular  man  to  whom  I  was  called  by  Byam  ;  and  al)out  the  same  time 
I  had  under  my  care  at  the  Hospital  a  case  of  dislocated  elbow,  with  fracture 
of  the  shaft  of  the  humerus,  that  was  reduced  with  ease  in  the  same  way. 
The  difficulty  in  reduction  is  necessarily  increased  by  the  proximity  of  the 
fracture  to  the  dislocated  joint,  and  when  the  epiphysis  is  broken  off'  from  the 
shaft  and  dislocated,  the  difficulty  may  be  great ;  but  it  is  not  insuperable.  Some 
years  since,  I  assisted  H.  Smith  and  Dunn  in  the  reduction  of  a  dislocation  of 
the  humerus  with  fracture  of  the  surgical  neck  of  the  bone,  the  displaced  head 
lying  to  the  inner  side  of  the  coracoid  process.  In  this  case  the  patient,  a 
young  man  who  had  sustained  the  injiu-y  by  a  fall  in  an  epileptic  fit,  was  put 
under  chloroform,  and  when  he  was  fully  anaesthetized  the  displaced  head  of 
the  bone  was  easily  replaced  ;  the  patient  recovering  with  an  excellent  and 
useful  arm.  After  the  bone  has  been  reduced,  the  fracture  should  be  treated 
in  the  ordinary  way. 

When  a  Simple  Fracture  extends  into  the  Articular  End  of  the 
Bone,  as  in  some  dislocations  about  the  elbow  and  ankle,  there  is  no  material 
increase  in  tlie  danger  of  the  case  or  in  the  difficulty  of  its  management. 

In  Compound  Dislocation  with  Fracture  of  the  Articular  Ends, 
removal  of  s])linters,  and  partial  resection  or  amputation,  will  be  required, 
according  to  the  seat  and  extent  of  injury. 

Spontaneous  Dislocations  may  occur  either  suddenly  or  gradually,  and 
may  arise  from  a  variety  of  causes. 

Spontaneous  dislocation,  if  the  term  can  be  properly  applied  to  such  cases, 
is  often  met  with  as  the  result  of  disease  of  the  articulation.  In  all  destmciive 
infammation  of  joints,  as  in  white  swelling  of  the  knee,  disease  of  the  hip-joint, 
or  acute  arthritis  following  a  wound,  the  ligaments  become  softened,  the  carti- 
lages are  destroyed,  and  the  bones  entering  into  the  articulation  altered  in 
shape  by  ulceration;  and  under  these  circumstances  the  articular  surfaces 
become  readily  displaced  under  the  influence  of  slight  muscular  action.  To 
this  class  Volkmann  has  given  the  name  of  Dislocation  from  Destruction. 
In  chronic  rheumatic  arthritis,  especially  of  the  smaller  joints,  and  in  the 
joint-affectioiis  met  with  in  locomotor  ataxy,  it  sometimes  happens  that  the 
articular  surfaces  are  gradually  forced  out  of  their  normal  relation  by  the 
pressure  of  osseous  out-growths,  springing  from  the  bones  close  to  the  margin 
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of  the  cavtilaires.  These  are  classed  by  Volkmanii  as  Dislocations  from  De- 
formHij.  Ill  auotlier  form,  which  ^Yas  specially  studied  and  described  by 
Stanley,  the  affection  is  due  to  a  paralytic  condition  of  the  muscles  surround- 
ing the  capsule.  In  these  paralytic  dislocations,  svliiGh  are  most  common  in 
the  hip  and  shoulder,  the  head  of  the  bone  slips  out  without  any  very  marked 
sign  of  disease  about  the  joint,  and  certainly  without  any  ])revious  destruction 
of  it.  In  another  class,  to  which  Volkmann  has  given  the  name  of  Disloca- 
tions from  Disfens'ion,  the  capsule  is  stretched  and  weakened  by  effusion  of 
fluid  within  it.  These  are  occasionally  the  result  of  acute  suppuration  within 
the  joint,  the  capsule  becoming  softened  and  giving  way  at  its  weakest  point, 
and  the  head  of  the  bone  escaping  through  the  aperture.  In  these  circum- 
stances there  would  be  high  fever  and  intense  yiain,  relieved  when  the  capsule 
gives  way.  In  other  cases  the  fluid  that  distends  the  joint  is  serous  in  cha- 
racter ;  these  may  be  acute,  l:)ut  are  more  commonly  chronic.  The  ligaments 
then  become  gi'adually  stretched  till  they  are  no  longer  capable  of  maintaining 
the  articular  surfeces  in  position.  Thus  Stanley  records  a  case  in  which  the 
capsule  of  the  hip  was  found  to  be  five  inches  in  length,  and  Hutton  another 
in  which  the  round  ligament  was  four  inches  in  length.  In  such  extreme 
cases  as  these,  the  dislocation  may  take  place  within  the  capsule.  The  symp- 
toms usually  noted  have  been  obscure  rheumatic  or  neuralgic  ]">ains,  lasting  for 
some  time,  in  the  joint  previous  to  dislocation.  It  may,  however,  occur  sud- 
denly, Avithout  any  pain,  the  deformity  of  the  limb  first  attracting  attention. 
The  affection  is  almost  confined  to  the  hip,  but  other  joints  may  be  affected, 
and  sometimes  more  than  one.  Thus,  some  time  ago  tliere  was  a  case  in  Uni- 
versity College  Hospital,  in  which  both  shoulders  and  hips  were  dislocated 
simultaneously. 

Lastly,  there  is  a  variety  known  as  recurrent  dislocations,  in  which  the  joint, 
having  been  dislocated  and  reduced,  the  muscular  and  ligamentous  structures 
have  become  so  weakened  that  ever  afterwards  it  slips  out  of  place  on  the 
application  of  slight  force,  or  at  will  on  the  patient  throwing  the  muscles  of 
the  liml)  into  action.  These  are  most  common  in  the  shoulder.  They  may  be 
due  to  incom]ilete  repnir  of  the  capsule,  or  to  fracture  with  displacement  of 
the  edge  of  the  glenoid  cavity  in  the  shoulder,  or  acetabulum  in  the  hip. 
Jocssel  has  described  a  case  in  which  after  death  the  cause  was  found  to  be 
rupture  of  the  supraspinatus  and  infraspinatus  muscles,  which  had  become 
retracted  under  the  acromion  without  forming  new  adhesions  to  the  head. 

The  Treatment  of  these  cases  is  not  very  satisfactory.  Reduction  in  many 
cannot  be  accomplished  ;  while  in  others  it  maybe  eflFected  readily  enough,  but 
the  bone  cannot  be  fixed  in  the  joint.  In  a  case  of  spontaneous  dislocation  of 
the  hip,  without  any  apparent  disease  of  the  joint,  occurring  in  a  young 
woman,  I  readily  effected  reduction  by  the  pulleys,  three  weeks  after  the 
occurrence  of  the  displacement.  The  limb  was  then  fixed  with  the  lon^ 
splint,  and  maintained  at  a  proper  length  for  two  or  three  weeks ;  Avhen,  in 
consequence  of  a  severe  bronchitic  attack,  it  became  necessary  to  remove 
the  apparatus,  and  the  displacement  speedily  returned.  Whilst  convalescent 
from  this  attack,  the  patient  fell  and  fi-actured  the  displaced  femur  in  its  upper 
third,  thus  rendering  it  impossible  to  replace  the  bone.  In  another  case 
of  spontaneous  dislocation  of  the  knee,  occurring  in  the  same  painless  manner, 
the  johit  could  not  be  replaced,  and  permanent  deformity  was  left.  After 
reduction  in  similar  cases,  a  splint  or  a  starched  bandage  should  be  worn  for  a 
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consideral)le  length  of  time,  so  as  to  give  the  h"gamcnts  of  the  joint  a  chance 
of  recovery.  If  there  be  a  rheumatic  tendency,  it  should  be  removed  by 
suitable  treatment ;  and  if  there  be  a  paralytic  condition  of  the  muscles, 
electricity  and  cold  douches  with  friction  may  be  advantageously  employed. 

CoxGENiTAL  DISLOCATIONS  are  occasionally  met  with  in  the  hip,  shoulder, 
wrist,  and  jaw,  and  have  of  late  years  attracted  the  attention  of  Surgeous 
through  the  labours  of  Guerin,  Smith,  Chelius,  Robert,  and  others.  These 
dislocations  arc  allied  in  cause  and  nature  with  other  congenital  defor- 
mities of  the  limbs,  such  as  club-foot,  &c.  In  them  there  is  usually  found 
arrested  or  imperfect  development  of  some  portions  of  the  osseous  articular 
apparatus.  Whether  this  is  original,  thus  causing  the  displacement  of  the  bones, 
or  consecutive  upon  disuse,  occasioned  by  spasmodic  action  of  one  set  of 
muscles  or  by  paralysis  of  another,  dependent  on  some  irritation  in  the  nervous 
centres,  is  scarcely  worth  inquiring  here.  In  some  cases  it  would  appear  as  if 
faulty  position  of  the  foetus  in  utero,  or  undue  violence  during  birth,  may  have 
occasioned  the  displacement.  These  dislocations  are  probably  incurable,  as 
there  is  alwavs  congenital  defect  of  structure  in  the  articular  ends  of  the  bones, 
or  of  the  socket  into  which  they  are  received. 

There  is  a  peculiar  form  of  dislocation  Avhich  I  have  once,  and  only  once, 
met  with  in  a  child,  otherm'se  perfectly  healthy,  12  years  of  age,  and  which 
had  some  resemblance  to  the  congenital  form.  It  was  a  dislocation  of  the 
head  of  the  radius  backwards,  in  consequence  of  want  of  development  of  the 
lower  third  of  the  ulna.  In  this  case  the  radius  was  nearly  two  inches  longer 
than  the  ulna.  The  want  of  development  in  the  latter  bone  prevented  the 
proper  growth  of  the  foreann ;  and  the  radius  consequently,  after  having 
become  slightly  curved,  became  slowly,  but  completely,  dislocated  at  its  humeral 
end.    All  the  movements  of  the  bone,  however,  were  perfect. 


640 


SPECIAL  DISLOCATIONS. 


CHAPTER  XXIIl. 


SPECIAL  DISLOCATIONS. 


DISLOCATIONS  OF  THE   LOWER  JAW. 

Dislocations  of  the  Lower  Jaw  are  not  common  accidents.  They  occur 
more  frequently  in  women  than  in  men,  and  have  been  but  very  seldom  met 
with  at  either  extreme  of  life  ;  but  Nelaton  and  Malgaigue  relate  cases  occurring 
in  edentulous  subjects  of  G8  and  72  years  of  age,  and  Sir  A.  Cooper  has  seen 
the  accident  in  a  child,  occasioned  by  another  boy  thrusting  an  apple  into  its 
mouth.  These  dislocatiojis  are  most  frequently  occasioned  by  forcible  action 
of  the  depressor  muscles  of  the  jaw — by  opening  the  mouth  too  widely,  as  in 
fits  of  laughing,  of  gaping,  or  in  attempting  to  take  too  large  a  bite.  Occa- 
sionally this  accident  has  resulted  from  blows  or  kicks  upon  the  chin  when  the 
mouth  is  open,  or  from  the  violent  strain  upon  the  part  in  tooth-di-awing,  or 
rather  in  digging  out  stumps  with  an  elevator.  The  mechanism  of  the  dis- 
location is  simple.  When  the  mouth  is  opened,  the  interarticular  fibro- 
cartilagc  with  the  condyle  glides  forwards  on  to  the  articular  eminence  :  if  this 
movement  be  continued  too  far,  and  the  external  pterygoid  muscle  contract 
forcibly  at  the  same  time,  the  condyle  slips  forward  over  the  articular  eminence 
into  the  zygomatic  fossa,  the  axis  of  the  ramus  being  directed  obliquely  l^ack- 
wards,  and  the  dislocation  being  thus  complete.  In  this  way  both  condyles 
may  be  displaced,  or  only  one.  Maisonueuvc  and  Otto  Weber,  by  producing 
dislocation  on  the  dead  body,  have  found  that  the  condyle  lies  in  front  of  the 
root  of  the  zygoma.  The  coronoid  process  rarely  reaches  the  malar  bone,  but 
usually  lies  below  it,  being  completely  surrounded  by  the  tendon  of  the  temporal 
muscle.  From  original  observation,  C.  Heath  confirms  this  view  of  the  position 
of  the  coronoid  process.  The  interarticular  fibro-cartilage  is  attached  to  the 
condyle,  and  follows  its  movements.  The  capsular  ligament  is  stretched,  but 
not  ruptured  :  the  external  lateral  ligament  is  tense,  and  passes  fi'om  behind 
forward  instead  of  from  before  backward  :  the  internal  lateral  and  stylo- 
maxillary  ligaments  also  undergo  stretching,  which  is  increased  by  raising  the 
chin.  The  temporal  muscles  are  stretched  according  to  ]\Iaisonueuve,  or  partly 
torn  according  to  Weber_. 

When  the  dislocation  is  Bilateral,  as  most  frequently  happens,  both  condyles 
being  displaced  from  the  glenoid  cavities,  the  signs  are  as  follows.  The  incisoi' 
teeth  of  the  lower  jaw  are  separated  from  those  of  the  upper  by  a  marked 
interval,  varying  from  half  an  inch  to  an  inch  and  a  half,  and  the  mouth  is 
kept  more  or  less  widely  open.  Deglutition  and  speech  are  impaired,  the 
labial  consonants  not  being  pronounced  ;  there  is  dribbling  of  the  saliva 'over 
the  lower  lip  ;  the  chin  is  lengthened,  and  the  lower  line  of  teeth  advauccd 
about  half  an  inch  beyond  those  of  the  upper  jaw  ;  the  cheeks  arc  flattened, 
and  there  is  a  depression  in  front  of  the  meatus  auditorius  externus.  There 
is  also  an  oblong  prominence  in  the  temporal  fossa  between  the  eye  and  the 
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ear.  If  the  dislocation  be  left  imreduced,  the  patient  slowly  regains  some 
power  of  movement  over  the  jaw ;  he  gradually  approximates  tiie  lips,  and, 
after  a  length  of  time,  may  even  be  enabled  to  bring  the  lines  of  teeth  into 
apposition,  especially  posteriorly. 

In  the  Unilateral  dislocation,  where  one  condyle  only  is  displaced,  the  axis 
of  the  lower  jaw  is  directed  towards  the  side  opposite  to  that  on  which  the  dis- 
placement exists  ;  and  the  general  signs  are  the  same,  but  in  a  less  marked 
degree,  as  those  which  are  met  with  when  both  sides  are  dislocated.  The 
hollow  before  the  meatns  on  the  injured  side  is,  however,  well  marked,  and 
serves  to  point  out  the  seat  and  nature  of  the  displacement,  the  diagnosis  of 
Avhich  is  not  always  readily  made  ;  indeed,  R.  W.  Smith  states  that  he  has  seen 
attempts  "at  reduction  applied  to  the  uninjured  side. 

8ir  A.  Cooper  has  described  a  Subluxation  of  the  jaw,  most  frequently  met 
with  in  young  and  delicate  women,  in  which,  in  consequence  of  the  relaxation 
of  the  ligaments,  the  head  of  the  bone  appears  to  slip  forwards  upon  the 
eminentia  articnlaris,  whenever  the  mouth  is  opened  at  all  widely,  as  in 
gaping,  laughing,  &c.  It  may  usnally  be  ascertauied  by  telling  the  patient  to 
put  out  the  tongue.  The  bone  hitches,  as  it  were,  and  prevents  the  month 
from  being  shut  at  once.  Most  commonly,  the  natural  efibrts  of  the  patient 
are  sufficient  to  return  the  head  of  the  bone  into  the  glenoid  cavity  with  a 
cracking  noise  or  even  a  loud  snap. 

The  Reduction  of  a  dislocated  jaw  is  easily  effected ;  it  being  necessary  only 


to  push  the  angle  of  the  bone  downwards  and  backwards,  and  at  the  same 
time  to  raise  the  chin ;  by  so  doing  the  attachment  of  the  temporal  muscle  to 
the  coronoid  process  acts  as  a  fulcrum,  and  the  condyle  is  bronght  slightly 
downwards  so  as  to  be  disengaged  from  the  articular  eminence,  when  the 
external  pterygoid  muscles  will  at  once  draw  it  into  its  proper  position.  The 
reduction  is  best  effected  by  the  Surgeon,  standing  before  the  patient,  placing 
his  thumbs,  well  protected  by  a  thick  napkin,  or  a  few  turns  of  a  narrow 
bandage  on  the  molar  teeth  on  each  side,  and  then  depressing  the  angle  of  the 
jaw  forcibly,  at  the  same  time  that  he  raises  the  chin  by  means  of  his  fingers 
spread  out  and  placed  underneath  it  (Fig.  2(j4).  The  bone  is  then  returned 
into  its  place  with  so  forcible  a  snap  that  the  thumbs  may  be  severely  bitten 
unless  care  be  taken,  or  they  be  well  protected.  When  one  condyle  only  is 
luxated,  the  efforts  at  reduction  should  be  applied  to  the  injured  side  only. 
After  the  reduction,  the  four-tailed  bandage  should  be  applied,  as  in  cases  of 
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fracture  of  the  jaw  ;  and  for  se^•eral  days  the  patient  must  not  be  allowed  to 
talk,  or  to  cat  any  solid  food,  lest  the  displacement  return,  which  it  always 
has  a  <)Tcat  tendency  to  do.  Very  old  dislocations  of  this  bone  may  be 
reduced  by  the  process  just  now  described.  Thus,  Stromeyer  replaced  one  at 
the  end  of  thirty-five,  ^)ono^•an  one  at  the  end  of  ninety-eight  days,  and 
Pollock  one  at  the  end  of  four  months. 

In  the  cases  of  subluxation,  attention  should  be  paid  to  the  state  of  the 
o-eneral  health.  Tonics,  more  particularly  iron,  should  be  administered  ;  "'ood 
diet,  the  cold  bath,  and  open-air  exercise  enjoined.  If,  as  frequently  happens, 
there  be  some  tenderness  about  the  temporo-maxillary  articulation,  a  series  of 
small  blisters  may  be  applied  over  it.  It  is  of  great  importance  to  i^reveut  the 
habit  of  recurrence  of  the  dislocation.  This  may  usually  most  conveniently  be 
done  by  letting  the  patient  wear  a  small  silk  cap  fitted  to  the  chin  and  attached 
by  four  elastic  bands  on  the  top  of  and  behind  the  head,  as  in  the  case  of  a 
fractured  jaw. 

Congenital  Dislocation  of  one  Condyle  of  the  Lower  Jaw  is  a  re- 
markable and  rare  condition,  for  an  acquaintance  with  which  we  are  chiefly 
indebted  to  R.  W.  Smitli.  In  this  condition  there  is  a  singular  distortion  of 
countenance.  The  osseous  and  muscular  structures  on  the  dislocated  side  are 
atrophied,  and  the  teeth  of  the  upper  jaw  project  beyond  those  of  the  lower, 
contrary  to  what  occurs  in  the  accidental  dislocation  :  the  mouth  can  be  closed, 
speech  is  perfect,  and  there  is  no  dribbling  of  saliva.  Congenital  dislocation 
of  both  condyles  has  not  yet  been  observed. 

DISLOCATIONS  OF  THE   UPPER  LIMB. 

Dislocations  of  the  Clavicle. — When  we  look  at  the  flat  character  of 
the  stemo-clavicular  articulation  and  the  very  small  and  shallow  surface  on  the 
acromion  upon  Avhich  the  outer  end  of  the  clavicle  is  received,  and  reflect  on 
the  violence  to  which  the  shoulder  is  fi'equently  subjected,  Ave  might  at  first 
imagine  that  dislocations  of  the  cla\"icle  would  be  among  the  most  fi'equent 
forms  of  injury  in  this  region.  But  this  is  very  far  from  being  the  case.  They 
are,  indeed,  rarely  met  with  in  comparison  to  the  frequency  of  fractures  of  this 
bone.  This  is  owing  to  several  causes  :  amongst  these  are  the  presence  of  the 
inter-articular  fibro-cartilage  in  the  sterno-clavicular  articulation,  the  shortness 
and  firmness  of  the  ligaments  by  which  the  clavicle  is  attached  to  the  sternum 
and  acromion,  and  the  fact  that  any  force  applied  to  the  bone  is  usually 
received  in  a  line  that  corresponds  to  its  axis,  thus  causing  it  to  be  bent  or 
broken  rather  than  luxated.  The  mobility  of  the  scapula,  also,  has  a  special 
tendency  to  prevent  dislocations  of  the  outer  end  of  the  clavicle,  the  two  bones 
easily  moving  together.  Were  it  not  for  these  circumstances,  the  bone  would 
frequently  be  thrown  off  the  small  flat  articular  surface  of  the  acromion. 

Dislocations  of  the  clavicle  can  be  occasioned  only  by  violence  applied  to  the 
shoulder  in  such  a  direction,  as  to  drive  the  bone  imvards  towards  the  mesial 
line,  at  the  same  time  that  the  scapula  is  fixed. 

Either  the  sternal  or  the  acromial  end  of  the  clavicle  may  be  dislocated,  and 
the  simultaneous  disjtlaccment  of  both  ends  has  been  observed. 

1.  The  Sternal  End  of  the  Clavicle  may  be  luxated  in  a  direction 
forwards,  hacJcwards,  or  upwards,  being  thrown  before,  behind,  or  above  the 
sternum. 

In  the  dislocation  Forwards,  the  end  of  the  bone  can  be  felt  in  its  new 
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position,  upon  the  upper  part  of  the  sternum  and  a  little  below  the  natural 
level.  The  point  of  the  shoulder  is  approximated  to  the  mesial  line,  and  the 
depressions  above  and  below  the  clavicle  are  strongly  defined.  It  is  occasioned 
by  blows  upon  the  shoulder,  by  bending-  this  part  forcibly  backwards,  or  by 
violence  applied  to  the  elbow  whilst  the  arm  is  raised  from  the  side.  In  some 
cases  it  occurs  spontaneously,  as  a  secondary  consequence  of  lateral  curvature 
or  rotation  of  the  upper  dorsal  vertebrae. 

This  dislocation,  which  is  amongst  the  most  frequent  to  which  the  clavicle 
is  subject,  may  readily  be  reduced  by  pulling  the  shoulder  outwards  and 
backwards,  while  the  elbow  is  brought  in  ft-ont  of  the  mid-lateral  line.  The 
principal  difficulty  in  the  treatment  consists  in  preventing  the  return  of  the 
displacement,  owing  to  the  shallowness  of  the  articular  surface  upon  which  the 
clavicle  lodges.  With  this  view  a  pad  and  a  figure-of-8  bandage  must  be 
firmly  applied  upon  the  displaced  end  of  the  bone,  as  in  cases  of  fracture  ;  bub 
in  dislocation  the  elbow  should  be  more  advanced  than  in  fracture,  and  the 
hand  brought  over  the  front  of  the  chest  towards  the  opposite  shoulder. 

The  dislocation  Upwards  is  extremely  rare.  In  1879  there  were  only 
eight  cases  on  record.  It  has  been 
well  described  by  E.  W.  Smith. 
In  it  the  shoulder  falls  in,  the 
sternal  end  of  the  clavicle  forms 
a  prominent  tumour  in  front  of 
the  trachea,  the  stenio-mastoid 
muscle  has  an  arched  outline, 
and  the  axis  of  the  bone  is  di- 
rected upwards,  forwards,  and  in- 
Avards,so  that  the  interval  between 
the  clavicle  and  the  first  rib  is 
very  considerable.  The  trachea 
and  oesophagus  are  compressed 
when  the  patient  sits  up  or  leans 
forwards.  Smith  found  on  dis- 
section that  the  head  of  the  bone 
lay    above    the    sternum,  and 

rested  on  the  sterno-hyoid  muscle  and  trachea,  the  ligaments  of  the  joint 
being  torn  through,  as  was  also  the  costo-clavicular  ligament  (Fig.  205). 
He  observes  that  the  reason  of  its  rarity  is  that  it  can  be  produced 
only  by  force  acting  on  the  shoulder  in  a  very  unusual  direction,  viz., 
downwards,  inwards,  and  probably  backwards.  The  Treatment  consists  in 
placing  a  pad  in  the  axilla,  elevating  the  elbow,  and  bringiug  it  well  to  the 
side.  But  I  doubt  if  the  bone,  though  replaced,  can  be  maintained  in  a  good 
position. 

The  dislocation  Backwards  is  not  of  common  occurrence :  though,  accord- 
ing to  Nelaton,  there  are  at  least  ten  or  a  dozen  cases  on  record.  This  luxation 
appears  generally  to  have  resulted  from  the  point  of  the  shoulder  being  driven 
upwards,  or  from  the  hand  being  ^'iolently  di-awn  forwards.  It  has  also  been 
observed  to  result  from  the  direct  pressure  of  the  clavicle  backwards,  as  by  the 
kick  of  a  horse.  In  one  case  under  my  care,  the  clavicle  was  dislocated  back- 
wards at  its  sternal  end  by  the  wheel  of  a  cab  passing  across  the  bone,  and 
thus  directly  pressing  it  backwards,  fracturing  at  the  same  time  the  second 
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rib,  and  separating  the  first  from  its  cartilage,  which  was  attached  to  the 
claAncle  by  tlie  nnruptured  costo-clavicular  h'garaent;  the  traction  of  the 
dislocated  clavicle  on  the  cartilage  by  means  of  the  ligament,  had  probably 
determined  the  separation  of  the  cartilage  from  its  ril).  It  has  occurred  also 
as  a  secondary  consequence  of  curvature  of  the  spine. 

The  Signs  are  those  that  usually  attend  a  dislocation  of  the  sternal  end  of 
the  clavicle— shortening  of  the  shoulder,  and  deformity  about  the  upper  part 
of  the  sternum  ;  but,  besides  these,  a  special  train  of  symptoms  is  occasioned, 
by  the  pressure  of  the  displaced  bone  upon  the  trachea,  oesophagus,  and  vessels 
of  the  neck.  Difficulty  in  breathing  and  swallowing,  with  congestion  of  the 
head  giving  rise  even  to  a  semicomatose  state,  may  be  produced  to  such  an 
extent  as  to  require  removal  of  the  end  of  the  bone,  as  happened  in  a  case  of 
gradual  dislocation  from  deformity  of  the  spine  related  by  Sir  A.  Cooper,  in 
which  the  Surgeon  was  obliged  to  saw  off  the  dislocated  end.  In  some  cases, 
the  end  of  the  bone  is  thrown  upwards  as  well  as  backwards  ;  in  others,  it 
takes  rather  a  downward  direction.  In  one  case  only — that  described  in 
the  preceding  paragraph — have  I  had  an  opportunity  of  examining,  after 
death,  the  condition  of  the  limb  in  dislocation  backwards  of  the  sternal 
end  of  the  clavicle.  In  this  case,  all  the  ligamentous  structures  around 
the  end  of  the  bone  Avere  torn  through,  with  the  exception  of  the  costo-cla- 
vicular ligament,  which  had  preserved  its  attachments  unbroken,  and  had 
carried  away  the  cartilage  of  the  first  rib  in  the  direction  of  the  displaced 
clavicle. 

In  the  Treatment  of  this  dislocation,  it  is  easy  to  effect  the  reduction  of  the 
bone  by  making  a  fulcrum  of  the  fist  in  the  axilla,  and  then  bringing  the  elbow 
well  to  the  side,  at  the  same  time  that  an  assistant  puts  his  knee  lietween  the 
patient's  shoulders  and  pulls  them  back  ;  but  it  is  diificult  to  retain  the 
bone  in  proper  position.  To  fulfil  this  o]3ject,  the  fignre-of-8  bandage 
tightly  applied  to  the  points  of  the  shoulders,  and  crossed  over  a  large 
pad  placed  in  the  middle  of  the  back,  will  give  the  most  efficient  support 
to  the  part,  the  elbow  being  at  the  same  time  well  fixed  to  the  side  and 
drawn  back. 

2.  The  dislocations  of  the  Outer  End  of  the  Clavicle,  or  more  correctly, 
the  dislocations  of  the  Acromion  from  the  clavicle,  arc  more  commonly  met 
with  than  those  just  described.  The  most  ft-equent  accident  of  this  description 
is  that  in  which  the  bone  is  thrown  upon  the  Upper  Surface  of  the 
Acromion,  or  upon  the  Anterior  Part  of  the  Spine  of  the  Scapula.  It 
is  usually  caused  by  violent  falls  upon  the  shoulder,  and  is  not  an  uncommon 
accident  at  football.  In  several  cases  of  this  accident  which  have  presented 
themselves  at  University  College  Hospital,  there  has  been  no  difficulty  what- 
ever in  the  diagnosis.  The  prominence  formed  by  the  displaced  bone  upon 
the  upper  surface  of  the  acromion,  the  narrowing  of  the  distance  from  the 
mesial  line  to  the  point  of  the  shoulder,  to  the  extent  of  from  an  inch  to  an 
inch  and  a  half,  the  facility  of  the  reduction  of  the  dislocation,  and  the  promi- 
nence of  the  clavicular  portion  of  the  trapezius  muscle,  indicate  the  nature  of 
the  accident  (Fig.  2G6).  The  Treatnwit  of  this  injury  is  by  no  means  satis- 
factory. Seduction  may  easily  be  effected  by  raising  the  sliouldcr,  drawing  it 
backwards,  and  carrying  it  outwards  by  placing  a  pad  or  the  hand  in  the  axilla 
and  bringing  the  elbow  well  to  the  side.  But,  notwithstanding  the  facilitv  of 
reduction,  there  is  in  many  cases  a  great  and,  indeed,  an  unconquerable  ten- 
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dency  to  the  return  of  the  displacement.  This  is  owing  partly  to  the  shallow- 
ness of  the  articular  surface  of  the  acromion,  partly  to  the  tension  of  the 
trapezius,  by  which  the  acromial  end  of  the  bone  is  drawn  upwards  and  out- 
wards, and  in  a  great  degree  to  the  mobility  of  the  shoulder.  In  every  move- 
ment of  the  body  or  neck  there  will  be  found  to  be  a  tendency  to  rising 
upwards  of  the  end  of  the  dislocated  bone,  and  in  the  majority  of  cases  this 
will  be  insurmountable  by  any  mechanical  means  that  can  be  employed.  It  is 
best  limited,  if  not  obviated,  by  a  pad  and  gutta-percha  plate  laid  on  the 
projecting  clavicle,  and  strapped  tightly  down  by  a 
band  passing  parallel  to  the  ann  and  under  the  flexed 
fore-arm,  this  being  retained  in  position  by  being  at- 
tached to  a  strap  passed  round  the  opposite  axilla. 
If  the  displacement  continue  to  be  irremediable,  a 
very  useful  arm  Avill  still  be  left,  only  somewhat  hmited 
in  its  upward  movements. 

The  outer  end  of  the  clavicle  has  been  dislocated 
under  the  Acromion  by  the  application  of  direct 
violence  to  the  end  of  the  bone.  This  form  of  displace- 
ment is  very  rare  ;  several  instances  have,  however, 
been  mentioned  in  the  journals.  The  diagnosis  is 
easy,  simple  digital  examination  pointing  out  the 
nature  of  the  accident ;  and  the  treatment  must  be 

conducted  in  the  same  way  as  that  of  fractured  ^'5iav*ici7OTliTAcroinion*^'° 
clavicle. 

The  acromial  end  of  the  clavicle  has  been  known  to  be  displaced  under- 
neath the  Coracoid  Process.  Here,  also,  simple  examination  and  the 
claA'icular  bandage  suffice  for  diagnosis  and  treatment. 

The  only  instances  of  Simultaneous  Dislocation  of  both  ends  of  the 
Clavicle  with  which  I  am  acquainted  have  been  reported  by  Richerand  and 
Morel  Lavallee. 

Dislocation  of  the  Scapula. — Under  this  name  has  been  described  a 
very  remarkable  kind  of  displacement  of  the  Loiver  Angle  and  Dorsal  Border 
of  the  scapula  which  is  occasionally  met  with,  in  consequence  of  which  it  pro- 
jects at  a  considerable  augie  from  the  trunk,  giving  a  winged  appearance  to 
the  back.  This  displacement  has  been  attributed  to  the  bone  slipi)iiig  away 
from  under  the  latissimus  dorsi  muscle  ;  but  it  is  probable  that  in  the  majority 
of  cases  at  least,  it  has  been  really  due  to  paralysis  of  the  serratus  magnus. 
Jacob  attributed  this  to  a  morbid  condition  of  the  muscle  itself,  but  Nelaton 
regards  it  as  due  to  paralysis  of  the  long  thoracic  nerve.  Paralysis  of  the 
muscle  is  easily  recognized  :  the  projection  of  the  scapula  is  most  marked  when 
the  arm  is  put  forwards  at  right  angles  to  the  trunk  ;  if  both  arms  are  put  in 
this  position  it  will  be  found  that  the  patient  can  push  the  sound  arm 
forwards  about  two  inches  further  than  the  other,  the  scapular  movement 
being  wanting  on  the  paralysed  side ;  in  some  cases  there  has  been  difficulty 
in  raising  the  arm  above  the  head ;  expansion  of  the  chest  is  less  perfect  on 
the  affected  side,  and  if  the  patient  is  thin  it  can  be  seen  that  the  digitations 
of  the  muscle  are  feebly  marked.  In  a  case  of  this  kind  recorded  by 
G.  V.  Poore,  in  which  the  paralysis  followed  chronic  neuritis  of  the  brachial 
plexus,  the  result  of  a  strain,  the  patient  gradually  recovered  under  electrical 
treatment.    I  have  seen  some  benefit  derived  in  sucli  cases  from  the  endermio 
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application  of  strychnine  on  a  blistered  surface,  and  afterwards  fi-om  support 
by  means  of  a  properly  constructed  apparatus. 

Dislocations  of  the  Shoulder-joint  occur  far  more  frequently  than  those 
of  any  other  articulation.  Their  pathology  and  treatment  have  been  so  clearly 
elucidated  by  Sir  A.  Cooper,  that  there  is  little  left  for  subsequent  writers  but 
to  follow  the  descriptions  given  by  that  great  Surgeon  ;  though  several  of  the 
modern  French  Surgeons,  especially  Velpeau,  Malgaigne,  and  Goyraud,  ha^■e 
thrown  some  new  light  on  the  subject.  The  reason  of  the  frequency  of  these 
dislocations  is  to  be  found  in  the  shallowness  of  the  glenoid  cavity,  the  large 
size  and  rounded  shape  of  the  head  of  the  humerus,  and  the  weakness  of  the 
ligaments  ;  but,  above  all,  in  the  extent  and  force  of  the  movements  to  which 
the  joint  is  subjected.  These  displacements  indeed  would  be  much  more  fre- 
quent than  they  even  are,  were  it  not  for  the  protection  afforded  to  the  joint  by 
the  osseous  and  ligamentous  arch  formed  by  the  coracoid  process  and  acromion 
"with  their  ligaments,  the  great  strength  of  the  capsular  muscles  and  their  close 
connection  with  the  joint,  and  the  support  given  by  the  tension  of  the  long- 
head of  the  biceps ;  but  the  principal  obstacle  to  dislocation  is  the  mobility  of 
the  scapula,  enabling  all  movements  communicated  to  the  hand  and  arm  to 
react  upon  that  bone. 

The  Signs  of  dislocation  of  the  shoulder- joint  are  sufficiently  obvious,  vary- 


Fig.  207. — Subcoracoid. 
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Fig.  26S.— Subclavicular.      Fig.  269.— Subspinous. 


Fig.  270.— Sul>glenoid. 


ing,  however,  according  to  the  nature  of  the  injury.  In  all  cases  there  are 
seven  common  signs,  viz.  :— 1,  a  flattening  of  the  shoulder  ;  2,  a  hollow  under 
the  acromion  ;  8,  an  apparent  projection  of  this  process,  with  hollow  tension 
of  the  deltoid  ;  4,  the  presence  of  the  head  of  the  bone  in  an  abnormal  situa- 
tion ;  5,  rigidity  ;  6,  inability  to  place  the  hand  on  the  opposite  shoulder  while 
the  elbow  is  made  to  touch  the  front  of  the  chest  ;  and  7,  pain  about  the 
shoulder. 

The  shoulder-joint  is  susceptible  of  four  dislocations.  Of  these,  according 
to  Sir  A.  Cooper,  three  are  complete,  and  the  fourth  partial.  I  think,  how*- 
ever,  that  on  examination  it  will  be  found  that  the  so-called  jmrtial  dislocation 
is  in  reality  a  complete  one.  The  directions  in  which  the  head  of  the  humerus 
may  be  thrown  are— 1,  inwards  and  slight]//  downwards  beneath  the  coracoid 
W^<^Q^^~Suhcoracoid  (Fig.  267)  ;  2,  forwards  and  inwards  beneath  the  cla- 
vide—SubclavicuIar  (Fig.  268) ;  3,  backwards  and  dmvnwards  under  the  spine 
of  the  scapula-;S'M&5/;/nows  (Fig.  269) ;  4,  downwards  and  sliyhtly  inwards 
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under  the  g-leiioid  cavity — SiiluiUnoid  (Fig,  270).  Tlius  three  dislocations  are 
more  or  less  inwai-ds,  one  only  being  backwards  or  inwards. 

1.  Subcoracoid  Dislocation. — In  the  case  of  incomphle  dislocation  reported 
by  Sir  A.  Cooper,  the  head  of  the  bone  was  found  to  be  thrown  out  of  the 
glenoid  cavity,  lying  under  the  coracoid  process  upon  the  anterior  part  of  the 
neck  of  the  scapula  (Fig.  207)  ;  the  capsular  muscles  were  not  torn,  but  tlie 
long  licad  of  the  biceps  had  been  ruptured.  The  description  given  by  Sir  A. 
Cooper,  and  the  illustrative  plate  in  his  work  on  iJislocalions,  appear  to 
point  to  a  form  of  injury  of  the  shoulder-joint  which  has  been  specially 
described  by  the  French  surgeons  as  a  A'ariety  of  the  dislocation  downwards  ; 
that  form  of  displacement,  indeed,  which  by  Boyer  has  been  described  as  the 
dislocation  "  inwards,"  by  Malgaigne  as  the  "  subcoracoid  "  luxation,  and  by 
Velpeau  as  the  "  subscapular  "  dislocation  ;  in  which  the  head  of  the  Immerus 
is  placed  in  front  of  the  neck  of  the  scapula,  and  underneath  the  subscapular 
muscle.  In  this  dislocation  the  head  of  the  bone,  instead  of  being  thrown,  as 
in  the  subglenoid,  downwards  and  slightly  inwards,  is  thrown  inwards  either 
directly  or  slightly  downwards  as  well.  Why  Sir  A.  Cooper  described  this  as 
a  ])artial  dislocation,  I  do  not  understand  ;  for  not  only  was  there  rupture  of 
the  capsule  and  of  the  long  tendon  of  the  biceps,  but  the  woodcut  at  page  401 
of  the  last  edition  of  his  work  shows  clearly  that  the  head  of  the  bone  had 
formed  a  new  articular  cavity  for  itself  in  the  subscapular  fossa,  being  appa- 
rently completely  thrown  out  of  the  glenoid  cavity. 

There  is  here  less  deformitv  than  in  the  other  luxations,  the  acromion  not 
forming  so  distinct  a  projection  (Fig.  271).  The 
limb  is  usually  somewhat  lengthened,  but  at  times  is 
actually  shortened,  the  elbow  being  generally  carried 
backwards  and  always  slightly  away  fi'om  the  side  ; 
the  head  of  the  l)onc  is  placed  deeply  in  the  upper 
and  inner  part  of  the  axilla,  and  cannot  always  be 
very  distinctly  felt,  owing  to  its  being  thickly  covered 
with  soft  parts,  by  the  coraco-brachialis  as  well  as 
by  the  pectorals  ;  rotation  of  the  arm  and  elevation 
of  the  elbow  being  usually  required  in  order  that  it 
may  be  detected.  There  may  be  pain  from  the  23ressure 
of  the  head  of  the  bone  on  the  nerves  or  from  stretching, 
and  if  the  vein  be  pressed  an  oedema  of  the  whole 
limb  will  occur. 

2.  In  the  dislocation  Forwards,  or  the  Subcla- 
vicular (Fig.  208),  blie  head  of  the  bone  is  thrown 
on  the  inner  side  of  the  coracoid  process,  lying  upon 
the  second  and  third  ribs  under  the  pectoral  muscles, 
and  immediately  below  the  clavicle.  This  dislocation  is  merely  an  increased 
degree  of  the  preceding  one,  the  head  of  the  bone,  which  at  first  lies  under  the 
coracoid  process,  being  readily  drawn  inwards,  so  as  to  be  placed  to  the  inner  side 
of  this  process  under  the  clavicle.  In  these  cases  the  capsular  muscles  are  nmch 
stretched  or  torn.  In  a  case  recorded  by  Curling,  the  infraspinatus  and  sub- 
scapularis  muscles  were  torn  away  from  the  tubcrcjsities  of  the  humerus,  and 
the  teres  minor  partially  lacerated  ;  the  capsule  being  completely  separated 
from  the  neck  of  the  bone,  which  pressed  forcibly  upon  the  axillary  \-essels 
and  ner^•cs.    In  three  cases  which  I  have  had  an  opportunity  of  dissecting 
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and  examinino-  after  death,  the  great  tuberosity  was  torn  away  ^^'^^  ^he  heaM 
the  bone,  with  much  .laceration  of  the  capsule  and  extensive  extia^asa  ion 
but  the  external  rotator  muscles  were  not  ruptured  in  two  instances  ;  whilst 
in  the  third  the  supraspinatus,  the  infraspinatus,  and  the  teres  minor,  were 
all  torn  across  near  the  insertions  into  the  humerus.  In  tact,  in  tnese 
cases  it  appears  to  be  a  question  of  strength  between  muscle  and  bone  ; 
either  the  muscles  are  torn  across,  or  the  great  tuberosity,  into  which  they  are 
inserted,  is  torn  away  from  the  shaft  of  the  bone,  leaving  its  attached  muscles 

unruptured.  ,    ^  n,      i  i  +1,^ 

In  this  dislocation,  the  head  of  the  humerus  can  be  felt  and  seen  midei  the 

pectoral  muscles  beneath  the  clavicle  ;  the  arm  is  shortened,  the  axis  of  the 

limb  being  directed  towards  its  head,  and  the  elbow  is  a  good  deal  separated 

from  the  side  and  thrown  back. 

3  In  the  dislocation  Backwards,  or  the  Subspinous  (iigs.  2/2,  tih), 

the  head  of  the  humerus  lies  behind  the  glenoid  cavity,  and  below  the  spine 


Fi<^.  272  —  nislncatiou  of  the  riglit  Fig.  273.  —  Dislocation  of  the  right 

Humerus  backwards.  (Front  View.)  Humerus  liaekwards.    (Back  View.) 


of  the  scapula,  beneath  the  infraspinatus  and  teres  minor  muscles.  Key  found 
the  tendon  of  the  subscapularis  torn  across,  together  with  the  internal  portion 
of  the  capsular  ligament  ;  the  supraspinatus  and  the  long  head  of  the  biceps 
being  stretched,  but  not  ruptured. 

'\Vlien  the  head  of  the  bone  is  dislocated  below  the  spine  of  the  scapula,  it 
can  be  felt  and  seen  there,  more  especially  when  the  arm  is  rotated.  The  axis 
of  the  hmb  is  altered,  being  directed  backwards  nearly  horizontally  ;  the  elbow 
is  raised  from  the  side,  to  which  it  cannot  be  approximated,  and  is  carried 
forwards  and  somewhat  downwards.  The  accompanying  figures,  for  which  I 
am  indebted  to  Rushtou  Parker,  of  Liverpool,  show  admirably  the  deformity 
in  this  dislocation. 

4.  In  the  dislocation  Downwards,  or  the  Subglenoid  (Fig.  270),  the  head 
of  the  bone  lies  in  the  axilla,  resting  against  the  inferior  ct)sta  of  the  scapula 
below  the  glenoid  cavity,  and  lodged  between  the  subscapular  muscle  and  the 
long  portion  of  the  triceps.  In  it  the  tendon  of  the  subscapular  muscle  is 
commonly  .torn  near  its  insertion  into  the  lesser  tuberosity  of  the  humerus,  aud 
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the  capsular  ligament  is  largely  lacerated.  The  snpraspiiiatus  muscle  may 
also  be  torn  through,  or  a  portion  of  the  great  tuberosity  of  the  humerus  de- 
tached, and  the  rest  of  the  capsular  muscle  put  greatly  on  the  stretch.  The 
axillary  artery  and  plexus  of  nerves  are  compressed  and  stretched  by  the  dis- 
located head  of  the  bone,  so  that  a  severe  numb  pain  is  commonly  experienced 
in  the  hand  and  arm.  The  compression  of  the 
artery  is  so  great,  that  the  circulation  through 
the  limb  may  be  completely  arrested.  This  I  saw 
remarkably  illustrated  in  a  case  of  dislocation 
downwards  of  the  head  of  the  humerus,  with  a 
severe  lacerated  wound  of  the  forearm,  dividing 
the  radial  and  ulnar  arteries.  So  long  as  the 
dislocation  remained  unreduced,  no  hiemorrhage 
took  [>lace  ;  but  when  the  head  of  tlie  bone  was 
replaced,  the  injured  arteries  bled  freely. 

The  head  of  the  bone  can  usually  be  readily 
felt  in  the  axilla,  at  its  anterior  and  under  part  ; 
the  arm  is  lengthened  to  the  extent  of  about 
an  inch,  the  forearm  is  usually  somewhat  bent, 
and  the  fingers  are  often  numbed,  in  conse-  Fia.  2-4.— subglenoid  Dislocation, 
quence  of  the  pressure  of  the  head  of  the  bone 

on  the  axillary  plexus.  The  elbow  is  separated  from  the  trunk  and  carried 
somewhat  backwards.  If  the  head  of  the  bone  cannot  be  felt  in  the  axilla, 
its  presence  there  may  be  ascertained,  as  Cooper  directs,  by  raising  the  elbow, 
when  it  at  once  becomes  perceptible.  On  looking  at  the  patient  from  the  front 
it  will  be  seen  that  the  lower  border  of  the  pectoralis  major,  forming  the 
anterior  axillary  fold,  lies  lower  than  on  the  opposite  side,  and  if  the  cir- 
cumference of  the  shoulder  be  measured  by  a  tape  passed  under  the  arm, 
it  will  be  found  to  be  greater  on  the  injured  side  (Fig.  274). 

In  a  case  which  occmTed  to  Cleland  of  Galway,  the  arm  was  thrown  up  so 
as  to  reach  above  the  patient's  head.  This  patient  was  lame  and  used  crutches  ; 
and  Cleland  supposes  that  one  of  the  crutches,  having  slipped,  acted  as  a  ful- 
crum in  such  a  way  as  to  cause  the  weight  of  the  body  in  falling  to  overcome 
the  tendency  of  the  latissimus  dorsi  and  pectoralis  major  muscles  to  draw  the 
arm  towards  the  side.    Keduction  was  readily  effected. 

The  dislocation  of  the  humerus,  to  which  the  term  Partial  is  usually 
applied,  is  that  which  was  described  by  Soden  in  1841,  in  which  the  long 
tendon  of  the  bicejjs  is  displaced  from  its  groove  oi"  raptured,  and  the  head 
of  the  bone  is  thrown  upwards  and  forwards  under  the  coracoid  process,  but 
not  out  of  the  glenoid  cavity.  It  is  to  this  form  of  displacement  also  that 
Callaway  seems  disposed  to  confine  the  term  pariial  Le  Gros  Clark  has 
published  an  account  of  a  case  in  which  there  was  partial  dislocation  of  the 
head  of  the  humerus  behind  and  below  the  acromion. 

In  this  partial  dislocation  the  sifjns  do  not  appear  to  be  very  evident.  In 
Soden's  case  there  was  shght  flattening  of  the  outer  and  posterior  parts  of  the 
joint,  and  the  head  of  the  bone  appeared  to  be  drawn  higher  up  in  the  glenoid 
cavity  than  usual.  There  was  great  pain  induced  by  any  movement  of  the 
biceps  muscle  ;  and,  on  attempting  any  overhand  motions,  the  head  of  the 
bone  became  locked  by  the  acromion. 
SuUumtion  of  the  head  of  the  forwards  occasionally  occurs  as  a 
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consequence  of  falls  upon  the  hand  or  elbow.  The  injury  produces  all  the 
signs,  but  in  a  minor  degree  of  the  subcoracoid  dislocations.  The  head  of  the 
humerus  lies  on  the  edge  of  the  glenoid  cavity.  It  can  easily  be  replaced,  but 
as  readily  slips  out  again,  and  consequently  the  accident  is  very  apt  to  lead  to 
permanent  weakness  and  disability  of  the  shoulder-joint.  The  treatment 
consists  in  its  reduction,  and  the  retention  of  the  head  of  the  bone  in  its 
place  by  a  carefully  moulded  leather  shoulder-cap,  fitted  with  a  truss  spring 
and  pad  to  press  the  head  of  the  humerus  against  the  glenoid  surfaces. 

Causes. — Dislocations  of  the  shoulder-joint  are  in  almost  all  cases  the  result 
of  falls  upon  the  hand  or  elbow  ;  the  particular  variety  of  dislocation  depend- 
ing upon  the  direction  of  the  shock  communicated  to  the  arm,  and  the  position 
of  the  limb  at  the  time  of  receiving  it.  On  this  account  we  almost  invariably 
find  the  displacement  in  a  direction  in^\-ards.  AVhen  a  person  saves  himself  in 
falling  with  his  arms  widely  stretched  out,  the  head  of  the  bone  is  driven  with 
all  the  force  of  a  long  lever  against  the  lower  and  inner  portion  of  the 
capsule,  which,  being  ruptured  in  this  its  weakest  part,  allows  the  bone  to  be 
thrown  upon  or  to  the  inside  of  the  inferior  costa  of  the  scapula,  and  thus 
into  the  axilla.  When  the  patient  falls  upon  his  elbow,  the  inner  part  of  the 
joint  is  still  acted  on  ;  but,  the  leverage  not  being  so  great,  the  head  of  the 
bone  is  thrown  upwards  or  forwards  under  the  clavicle.  This  dislocation  is 
also  often  the  result  of  direct  violence  applied  to  the  shoulder. 

The  dislocation  backwards  can  take  place  only  if  the  arm  receive  the  shock 
at  the  time  when  it  is  stretched  across  the  chest.  As  this  is  an  unusual 
position  for  any  injury  to  be  received  in,  this  dislocation  is  proportionately 
rare.  An  obstacle  to  this  displacement  may  also  be  found  in  the  great 
strength  of  the  outer  portion  of  the  capsule  of  the  joint,  as  compared  with 
the  inner. 

Relative  Frequency. — Sir  A.Cooper  states  that  the  dislocation  "into  the 
axilla  "  is  the  most  frequent  form  of  accident.  This  opinion  is  confirmed  by 
that  of  most  English  Surgeons.  But  Malgaigne,  and  more  recently  Flower, 
have  expressed  the  opinion  that  the  subcoracoid  is  the  most  common  form  of 
this  accident.  Flower,  who  has  very  ably  investigated  this  subject,  finds  that 
of  forty-one  specimens  in  the  different  London  Museums,  thirty-one  are  un- 
doubtedly subcoracoid,  and  that,  of  fifty  recent  cases  of  which  he  has  cognizance, 
forty-four  were  of  this  form.  Next  in  order  of  frequency  comes  the  siihglmoid, 
and  then  the  suhcJavicuJar,  which  is  rare.  I  believe  that  the  subclavicular  is, 
as  it  were,  an  exaggerated  degree  of  the  subcoracoid  ;  the  continuance  of  the 
same  force,  whether  mechanical  or  muscular,  ^vhich  has  thrown  or  drawn  the 
head  of  the  bone  to  the  inner  side  of  the  coracoid  process,  carrying  it  upwards 
and  inwards  under  the  centre  of  the  clavicle.  The  displacement  of  the  head  of 
the  bone  under  the  spine  of  the  scapula  is  so  rare  that  Sir  A.  Cooper  met  with 
two  cases  only  of  it  ;  several  cases  have  occurred  at  University  College  Hospital, 
which  were  reduced  without  difficulty. 

Diagnosis  of  Injuries  about  the  Shoulder. — In  all  cases  of  injury  to  the 
shoulder  the  patient  should  be  stripped  so  as  to  show  l)oth  shoulders  in  order 
that  the  two  sides  may  be  compared.  But  little  is  to  be  learnt  from  the 
history,  as  different  forms  of  injury  may  arise  from  apparently  similar 
accidents.  The  attitude  of  the  patient  is  often  characteristic  ;  in  all  disloca- 
tions the  elbow  is  separated  from  the  body  and  the  patient  leans  towards  the 
injured  side,  so  as  to  allow  the  limb  to  hang  perpendicularly  in  its  new  axis  ; 
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in  fractures  the  elbow  is  close  to  the  side  and  the  ann  hangs  powerless.  In 
fractured  clavicle  the  patient  inclines  the  head  to  the  injured  side  and  supports 
the  weig-ht  of  the  arm  by  holding  the  elbow  in  the  opposite  hand.    The  power 
of  moving  the  ann  remains  to  some  extent  in  all  dislocations,  in  impacted 
fractures  of  the  neck  of  the  humerus,  and  in  fractures  of  the  clavicle  between 
the  ligaments  ;  but  it  is  entirely  lost  in  unimpacted  fractures  of  the  neck  of 
the  Inunerus  and  in  fractures  of  the  clavicle  about  the  middle,  or  accompanied 
by  so  much  pain  that  the  patient  cannot  be  persuaded  to  attempt  it.    Ha\  ing 
ascertained  this  much,  the  Surgeon  should  stand  behind  the  patient  and  place 
his  hands  over  the  shoulders  in  such  a  way  that  tlie  tips  of  the  fore-fingers 
rest  on  the  sterno-clavicular  articulation  and  the  tluuubs  on  the  spines  of  the 
scapulfe.    By  comparing  the  two  sterno-clavicular  articulations  he  will  at  once 
recognize  any  dislocation  or  fracture  of  the  sternal  end  of  the  clavicle.  He 
then  moves  his  fingers  steadily'  outwards  along  the  clavicles  until  he  finds  the 
prominence  that  always  marks  the  acromio-clavicular  articulation  on  each 
side.    In  doing  this  he  will  at  once  recognize  any  fracture  of  the  clavicle,  and 
by  comparing  the  acromio-clavicular  articulations  would  detect  any  dislocation 
of  that  joint.    The  only  injury  that  would  escape  detection  in  this  way  might 
be  the  fracture  of   the  cla^'icle  between  the  coraco-clavicular  ligaments. 
Tenderness  would,  however,  be  found  which  might  draw  attention  to  the  seat 
of  injury  as  the  fingers  passed  over  it.    The  fingers  are  now  to  be  passed 
round  the  acromion  carefully  comparing  it  with  that  on  the  injured  side  by 
which  a  fracture  of  its  tip  will  be  detected.    At  the  posterior  part  of  the 
acromion  process  near  its  root  is  always  a  small  tubercle  of  bone,  which  has 
not,  so  far  as  I  am  aware,  any  definite  name.    It  serves  to  guide  the  Surgeon 
in  i^lacing  his  hands  symmetrically  on  the  shoulders,  and  also  is  an  excellent 
point  fr-om  which  to  measure  the  length  of  the  arm.    Having  recoguized  this 
tubercle,  the  fingers  may  be  run  along  the  spine,  and  any  fracture  here  would 
be  easily  detected  if  not  concealed  by  extravasated  blood,  as  is  the  case  in  fracture 
of  the  scapula.    Having  found  the  two  sides  symmetrical  so  far,  the  Surgeon 
now  places  his  hand  flat  on  the  shoulder  on  each  side,  with  the  fore-fingers  on 
the  acromion,  and  presses  the  three  other  fingers  firmly  in  under  the  process, 
by  which  he  will  at  once  ascertain  whether  the  head  of  the  bone  is  in  its 
place  or  not,  the  hollow  under  the  acromion  being  very  clearly  marked  when 
there  is  a  dislocation.    After  this  the  middle  finger  on  each  side  should  be 
placed  on  the  tip  of  the  coracoid  process,  which  projects  sharply  forwards  about 
an  inch  below  the  clavicle,  while  the  ring  finger  is  pushed  into  the  hollow  be- 
tween the  coracoid  process  and  the  head  of  the  humerus  ;  by  this  means  a  sub- 
coracoid  dislocation  is  recognized  by  the  approximation  of  the  head  of  the 
bone  to  the  process  ;  the  fore-fimger,  feeling  on  the  inner  side  of  the  coracoid 
process  on  each  side,  would  at  once  recognize  the  difference  caused  by  the 
presence  of  the  head  in  a  subclavicular  dislocation.    In  a  subglenoid  disloca- 
tion the  head  of  the  bone  may  be  felt  somewhat  indistinctly  below  and  external 
to  the  coracoid  process.    In  a  subspinous  dislocation  the  prominence  of  the 
head  will  be  found  just  beneath  and  internal  to  the  process  of  bone  at  the 
back  of  the  acromion  before  mentioned.    If  by  means  of  the  examination  all 
dislocations  of  the  clavicle,  acromion,  and  humerus,  and  all  fractures  of  the 
clavicle  are  excluded,  the  Surgeon  must  next  carefully  examine  the  head  of  the 
humerus,  both  from  the  axilla,  and  by  the  finger  and  thumb  grasping  the  bone 
through  the  deltoid.    Increased  width  or  a  projecting  angle  of  bone  nuiy  thus 
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be  felt  which  would  iuaicatc  an  impacted  fracture.  In  fracture  of  the  surgical 
neck  the  end  of  the  upper  fragment  can  be  recognized  both  from  the  axilla  and 
below  the  tip  of  the  coracoid  process.  Fracture  of  the  great  tuberosity  is  always 
complicated  with  partial  or  complete  dislocation,  and  would  be  recognized  only 
by  the  presence  of  the  signs  of  dislocation  with  crepitus  and  diflSculty  of  keep- 
ing the  joint  in  position  after  reduction.  Having  thus  carefully  examined  by 
manipulation  we  must  proceed  to  measurement.  This  is  done  by  flexing  the 
elbow  to  a  right  angle  and  measuring  from  the  point  of  bone  above  mentioned 
on  the  root  of  the  acromion  to  the  olecranon.  There  is  only  one  injury  in  which 
there  is  distinct  lengthening — the  sul)glenoid  dislocation  ;  in  the  subcoracoid 
dislocation  there  is  usually  a  very  little  shortening,  but  slight  lengthening  is 
also  said  to  occur  when  the  head  of  the  bone  lies  rather  lower  than  usual.  In 
fracture  of  the  surgical  neck  there  is  great  shortening — an  inch  or  more  ;  in 
impacted  fracture  the  shortening  is  very  slight,  seldom  over  half  an  inch.  In 
injuries  of  the  clavicle  there  is  no  shortening.  Measurements  should  next  be 
taken  from  the  tip  of  the  acromion  to  the  middle  line  in  front  ;  there  will  be 
shortening  in  all  fractures  of  the  clavicle  (except  that  between  the  ligaments) 
and  in  all  dislocations  of  the  acromion  and  clavicle.  In  other  injuries  the 
length  is  unaltered.  Finally  the  arm  must  be  examined  hy  passive  movement. 
In  all  dislocations  of  the  humerus  it  will  be  found  impossible  to  place  the 
hand  on  the  opposite  shoulder  with  the  elbow  touching  the  chest  in  front.  In 
unimpacted  fractures  the  movement  is  accompanied  by  great  pain  and  crepitus. 
In  fracture  of  the  clavicle  between  the  ligaments  the  crepitus  may  be  a  mere 
click  felt  on  raising  the  arm  over  the  head.  If  after  thorough  examination 
nothing  can  be  detected,  and  yet  the  patient  is  suffering  pain  Avith  inability  to 
move  the  joint,  the  deltoid  may  be  examined,  and  a  tender  sj)ot  may  be  found. 
If  at  the  same  time  all  passive  movement  is  free  and  unaccompanied  by  pain, 
unless  the  muscle  is  stretched,  while  voluntary  contraction  of  the  muscle  is 
painful,  the  case  is  probably  one  of  bruise  of  the  deltoid  with  possibly  a  lacera- 
tion of  some  of  its  fibres.  If  there  is  slight  fulness  about  the  shoulder,  with 
pain  on  passive  or  active  movement,  the  case  is  probably  one  of  inflammation 
of  the  joint  following  a  bruise. 

At  a  more  remote  period  fi'om  the  injury,  intense  pain  while  at  rest,  aggra- 
vated by  movement,  may  be  due  to  neuritis  of  the  brachial  plexus  following  a 
strain,  which  may  be  recognized  by  the  symptoms  described  in  the  chapter  on 
injuries  of  nerves. 

Paralysis  of  the  deltoid  from  a  hloiv  or  from  injury  of  the  circumflex  nerve 
may  simulate  a  dislocation,  the  shoulder  being  flattened  and  the  acromion 
IDrojecting  :  but  here  the  mobility  of  the  joint,  and  the  presence  of  the  head 
of  the  bone  in  the  glenoid  cavity,  establish  the  absence  of  dislocation. 

The  Reduction  of  a  dislocated  humerus  may  be  conducted  on  four  different 
plans  :—l)y  the  heel  in  the  axilla ;  hy  the  Icnee ;  or  hy  drawing  the  arm  upwards; 
and  hy  manipulation.  AVhichever  plan  is  adopted,  the  patient  should,  if  strong, 
be  put  under  the  influence  of  chloroform  ;  when  his  muscles  are  paralysed  by 
this  agent,  but  little  force  is  required  to  eff'ect  the  reduction,  the  Surgeon's 
unaided  strength  usually  sufficing  for  this  purpose.  If  more  power,  however, 
should  be  required  than  he  can  exercise,  extension  may  be  made  by  assistants 
drawing  upon  a  towel  properly  fixed  round  the  lower  end  of  the  humerus, 
or  else  by  the  pulleys  attached  to  the  same  part  of  the  limb. 

1.  The  reduction  of  the  dislocation  hy  the  heel  in  the  axilla  is  a  most  effi- 
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cient  procedure  in  ordinary  cases.  In  adopting  this  plan,  the  patient  is  laid 
upon  his  back  upon  a  low  bed  or  couch,  or  even  on  the  ground  ;  the  Surgeon. 


Fig.  275.— Reduction  of  a  Dislocated  Shoiilder-joint  by  the  Heel  in  the  Axilla, 

seating  himself  upon  the  edge  of  this  on  the  same  side  as  the  dislocated  arm, 
takes  the  limb  by  the  wrist,  and,  fixing  one  foot  firmly  upon  the  ground,  places 
the  other,  covered  merely  with  the  stocking, 
well  up  into  the  axilla,  so  that  the  heel  may 
press  against  the  lower  border  of  the  scapula, 
and  the  footact  upon  the  humerus(Fig.  275). 
He  then  draws  the  limb  steadily  downwards, 
aud,  when  it  is  disengaged  to  a  sufficient 
extent,  brings  the  hand  across  the  fi-ont  of 
the  patient,  the  foot  acting  as  a  fulcrum, 
by  which  the  head  of  the  bone  may  be 
reduced  by  being  pushed  upwards  and  out- 
wards. This  mode  of  reduction  is  especially 
serviceable  in  ordinary  dislocations  into 
the  axilla,  and  in  those  under  the  clavicle. 
In  the  latter,  however,  it  will  be  necessary 
to  draw  the  arm  more  obliquely  downwards 
and  backwards,  and  to  press  the  foot  some- 
what forwards  upon  the  head  of  the  bone, 
after  it  has  been  disengaged  by  being 
brought  below  the  coracoid  process. 

2.  The  reduction  hy  the  knee  in  tJie  axilla 
(Fig.  276)  is  precisely  the  same  in  principle 
as  the  last,  though  not  by  any  means  so 
good  a  plan,  the  knee  being  too  large, 
and  not  following  the  movements  of  the 
humerus  so  readily  as  the  foot.  In  effecting 

the  reduction  by  this  means,  the  patient  is  seated  on  a  chair ;  and  the 
Surgeon,  standing  by  his  side  and  resting  one  foot  upon  the  chair,  places 
his  knee  in  the  patient's  axilla.    He  then  seizes  the  patient's  arm  above  the 


Fig.  276.— Rediu  tion  of  a  Dislocation  of  the 
Huinerus  by  the  Knee  in  the  Axilla. 
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elbow  witli  his  rig-ht  hand,  and,  steadyino-  the  acromion  with  his  left,  draws 
the  Hnib  well  away  from  the  body  and  then  depresses  it  across  the  knee  :  the 
head  of  the  bone  is  thus  reduced. 

3.  Another  mode  of  reduction  which  will  be  found  to  succeed  in  almost  all 
cases  of  subglenoid  and  subcoracoid  dislocation  is  to  place  the  patient  upon  a 
low  chair  or  couch,  and  to  raise  the  arm  ])erpendicuIarJ//  hij  the  suh  of  the  head, 
at  the  same  time  fixing  the  acromion  and  making  gentle  traction  upwards. 
The  Surgeon  should  stand  behind  the  patient,  and  in  many  cases  so  little  force 
is  required,  that  he  can  take  the  arm  in  one  hand  and  steady  the  acromion 
with  the  other.  Should  more  force  be  necessary,  an  assistant  may  steady  the 
shoulder,  or  the  Surgeon  may  use  his  foot  (Fig.  277).    "When  the  bone  is  felt 


i 
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Fig.  27".— Reduction  of  Dislocation  of  the  Humenis  by  the  perpendicuh\r  method. 


to  slip  in,  the  am  must  be  bronght  down  to  the  side,  while  the  head  of  the 
bone  is  held  outwards  by  the  hand  in  the  axilla.  In  this  mode  of  reduction 
the  untorn  part  of  the  capsule  is  relaxed  to  the  greatest  possible  extent,  as  also 
is  the  deltoid,  which  is  one  of  the  most  powerful  of  the  muscles  concerned  in 
keeping  up  the  displacement. 

4.  Eeduction  by  the  following  manipulation  has  been  recommended  by 
Kocher  in  all  cases  of  subcoracoid  dislocation : — Seat  the  patient  in  a  chair 
and  stand  by  his  side  ;  ^then  flex  his  elbow  to  a  right  angle  and  press  it 
inwards  as  far  as  possible  towards  the  chest ;  then,  holding  the  elbow  in  one 
hand,  and  using  the  forearm  as  a  lever,  rotate  gently  and  steadily  outwards  till 
a  distinct  sense  of  resistance  is  felt ;  the  elbow  must  be  now  brought  forwards, 
or  in  other  words  the  arm  must  be  raised,  with  a  shght  inclination  inwards  : 
finally,  the  hand  is  placed  on  the  opposite  shoulder,  by  which  a  movement  of 
rotation  inwards  is  impressed  on  the  humerus.  This  method,  which  was  the 
result  of  the  examination  of  dislocations  produced  on  the  dead  body,  is  so 
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de-\-ised  as  to  relax  the  tight  bands  of  the  capsule  and  to  make  the  opening- 
gape.  This  method  has,  in  Kocher's  hands,  been  very  successful  even  with 
old  dislocations  :  thus,  he  has  successfully  reduced  one  at  three  weeks,  two  at 
five  weeks,  three  at  seven  weeks,  four  at  three  months,  and  two  at  four  mouths. 
In  one  case,  an  old  woman  of  70,  with  an  unreduced  dislocation  eight  weeks 
old,  fracture  of  the  arm  took  place,  and  reduction  became  impossible.  This 
method  has  been  found  extremely  successful  with  recent  dislocations  at  Uni- 
versity College  Hospital. 

If  these  simpler  methods  fail,  or  the  dislocation  be  of  old  standing,  it  may 
be  necessaiy  to  have  recourse  to  the  jni Ik i/s  in  order  to  effect  reduction.  In 
applying  these  the  scapula  must  be  firmly  fixed,  the  counter-extension  being 
made  by  passing  the  patient's  arm  through  a  slit  in  the  middle  of  a  jack-towel, 
which  should  be  fixed  firmly  to  a  hook  or  staple  in  the  wall.  The  extending 
force  may  then  be  applied  immediately  above  the  elbow  ;  and  traction  being- 
made  slowly  and  steadily  in  the  direction  of  the  axis  of  the  limb.  The  head 
of  the  bone  should  be  directed  to  the  glenoid  cavity  by  the  pressure  of  the 
Surgeon's  hands,  so  soon  as  it  has  come  on  a  level  with  it.  In  this  way  dis- 
locations of  the  humerus  of  many  weeks'  or  even  months'  standing  have  been 
successfully  reduced  ;  but  in  employing  these  powerful  means,  especially  under 
the  influence  of  chloroform,  the  Surgeon  should  always  bear  in  mind  that, 
unless  care  be  taken,  serious  mischief,  even  laceration  of  the  axillary  artery, 
may  result  (pp.  Go4,  035). 

After  a  dislocation  of  the  humerus  has  been  reduced,  the  limb  should  be 
firmly  fixed  to  the  side  for  at  least  two  weeks.  It  may  then  be  put  in  a  sling 
for  another  fortnight :  and,  at  the  end  of  a  month,  passive  motion,  with  fi-ic- 
tiou,  may  be  employed.  If  inflammation  occur  about  the  joint,  recourse  may 
be  had  to  leeches  and  evaporating  lotions. 

After  reduction,  there  is  a  tendency  for  the  head  of  the  bone  to  be  drawn 
upwards  and  outwards  under  and  against  the  acromion,  owing  evidently  to  the 
deltoid  and  coraco-brachialis  muscles  not  being  counterbalanced  in  their  actions 
by  those  that  have  been  separated  from  the  head  of  the  bone. 

Compound  Dislocation  of  the  Head  of  the  Humerus  is  a  rare  accident. 
I  have,  however,  seen  two  cases  of  it,  and  in  two  directions  :  downwards — 
Suhfjlenoid,  and  inwards — Suhcoraroid.  In  both  cases  reduction  was  effected, 
and  the  patients  did  well.  In  it,  even  though  the  injui-y  be  extensive,  it  is 
better  not  to  amputate  if  the  axillary  vessels  and  nerves  be  uninjured.  The 
limb  may  be  saved  by  reducing  the  bone  at  once  ;  and  the  wound  should  be 
treated  according  to  the  rules  laid  down  in  the  chapter  on  w^ounds  of  joints. 
If  the  axillary  artery  \)Q  ruptured,  either  completely  or  through  its  inner  and 
middle  coats,  obstruction  to  the  arterial  circulation  of  tlie  arm  will  ensue,  and 
amputation  must  be  performed  through  the  articulation. 

Complications. — x\  Simple  Dislocation  of  ike  Head  of  the  Humerus,  ivith 
Riq)fure  of  the  Axillarij  Artery  and  the  formation  of  a  diffused  axillary  aneu- 
rism, is  serious  but  fortunately  rare.  The  treatment  will  be  discussed  when 
treating  of  rupture  of  the  artery  during  attempted  reduction  of  an  old  dis- 
location. 

A  very  serious  accident,  and  apparently  difficult  to  treat,  consists  in  the 
complication  of  a  Dislocation  of  the  Humerus  with  Fracture  through  the  Epi- 
physis of  the  displaced  bone.  A  case  of  this  kind,  to  which  I  was  called,  is 
described  at  page  037. 
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When  the  dislocation  is  comph'cated  with  a  Fracture  of  the  Shaft  of  the 
Bone,  it  sliould  be  reduced  at  once  l)y  putting  tlic  fracture  up  very  firmly,  and 
then  attempting  the  reduction  by  one  of  the  usual  methods.  In  the  cases  to 
Avhich  I  have  already  referred  (p.  G37),  I  succeeded  without  difiiculty  by 
means  of  the  heel  in  the  axilla.  The  fracture  must  then  be  treated  by  lateral 
splints. 

Congenital  Dislocations  of  the  Shoulder-joint  have  attracted  much 
attention.  R.  W.  Smith  has  ascertained,  by  post  mortem  examination,  the 
existence  of  two  varieties  of  this  condition — the  Suhcoracoid  and  Subacromial 
luxations.  In  these  there  is  wasting  of  the  muscles  of  the  shoulder  and  arm, 
the  motions  of  which  are  extremely  limited,  whilst  those  of  the  scapula  are 
preternaturally  great.  The  condition  of  the  bones  is  also  remarkable.  In  a 
case  of  congenital  subacromial  luxation  of  both  shoulders  there  was  no  trace 
of  a  glenoid  cavity  ;  but  a  well-formed  socket  existed  on  the  outer  side  of 
the  neck  of  the  scapula,  receiving  the  head  of  the  humerus,  which  was  small 
and  distorted.  These  dislocations,  though  existing  from  birth,  usually 
hecome  more  marked  as  age  advances,  but  are  necessarily  irremediable,  in 
consequence  of  the  malformation  of  the  osseous  structures  and  the  wasting 
of  the  muscles. 

Old  Unreduced  Dislocations  of  the  Head  of  the  Humerus  are  not  un- 

frequently  met  with.  In  the  majority  of  these  cases  there  is  a  considerable 
amount  of  pain  and  immobility  about  the  shoulder  at  first  ;  but  after  a  time 
the  head  of  the  humerus  forms  a  new  bed  for  itself,  and  the  movements  of  the 
arm  become  freer  and  less  painful,  so  that  eventually  a  limb,  useful  for  all 
except  the  overhead  movements,  results. 

In  cases  of  old  dislocation  of  the  head  of  the  humerus,  the  question  as  to 
the  advisability  of  attempting  reduction  always  presents  itself  to  the  Surgeon. 
As  a  general  rule  this  should  always  be  attempted  under  chloroform,  in 
accordance  with  the  principles  laid  down  at  p.  ()o2,  if  only  a  few  weeks  have 
elapsed  from  the  time  of  the  accident,  and  then  it  will  usually  be  attended 
with  success.  Reduction  has  been  effected  in  many  cases  at  much  later  periods 
than  this  ;  by  Brodhurst,  after  twenty-five  weeks  had  elaj^scd  ;  by  Smith 
(U.S.),  after  six,  seven,  eight,  nine,  and  ten  months  ;  by  Malgaigne,  after  eight 
months  ;  by  Caron  du  Pillard,  after  six  months  ;  and  by  Sedillot,  after  a 
year.  By  the  use  of  the  subcutaneous  division  of  muscles,  &c.,  Dieffenbach  is 
said  to  have  succeeded  in  reducing  a  dislocation  of  the  shoulder  after  it  had 
existed  two  years.  In  many  cases,  however,  at  a  much  earlier  period  than 
these,  the  Surgeon  will  fail,  notwithstanding  the  most  persevering  attempts 
at  reduction  ;  and  in  others  again,  certain  accidents  have  occurred,  which 
every  Surgeon  should  bear  in  mind,  so  as  to  render  him  cautious  in  his 
proceedings. 

The  Accidents  that  have  occurred  in  attempts  at  reducing  old-standing  dislo- 
cations of  the  head  of  the  humerus  are  such  as  may  arise  either  from  the 
employment  of  an  undue  amount  of  force,  from  the  separation  of  the  head  of 
the  humerus  fi'om  the  adhesions  that  it  has  contracted  in  its  new  situation  or 
from  pathological  changes  in  the  limb  itself.  Among  the  first  are  laceration 
and  bruising  of  the  skin,  subcutaneous  areolar  tissue,  and  muscles,  with  extra- 
vasation of  blood  :  amongst  the  latter  are  ft'acturo  of  the  humerus,  laceration 
■of  the  axillary  vessels  and  nerves,  and  avulsion  of  the  limb. 

Fracture  of  the  humerus  has  occurred  in  the  practice  of  many  Suro-eons  of 


ACCIDENTS  IJ  REDUCTION  OF  OLD  DISLOCATIONS.  657 


eminence.  It  has  happened  to  Petit,  Pott,  Larrey,  Berard,  Denonvilliers,  and 
others.  The  snrgical  neck  of  the  bone  appears  to  have  nsually  o-iven  -way ; 
and  tlie  accident  has  not  occurred  so  much  from  forcible  extension,  as  in 
carrying-  the  arm  across  the  chest  so  as  to  tilt  the  ]iead  of  the  bone  into  its 
phace,  when  the  shaft  becomes  exposed  to  fracture  by  pressure  in  a  transverse 
direction.  Such  an  accident  necessarily  prevents  all  further  attempt  at 
reduction. 

Fracture  of  iJie  ribs,  by  the  pressure  exercised  against  the  wall  of  the  chest, 
is  supposed  to  have  occurred  in  some  cases. 

The  extravasation  of  a  large  quantity  of  blood  into  the  areolar  tissue  of  the 
axilla  has  occasionally  occurred,  without  any  evidence  of  the  rupture  of  one  of 
the  main  vessels.  In  these  cases  the  swelling  has  gradually  subsided  under  the 
employment  of  ordinary  treatment,  by  rest  and  evaporating  lotions. 

More  serious  by  far  than  this  is  the  riqiture  of  one  of  the  large  blooil-ressels 
in  the  axilla.  This  may  happen  either  from  the  pressure  of  the  Surgeon's  heel — 
as  in  a  case  reported  by  Hamilton,  in  which  an  attempt  was  made  to  reduce  a 
dislocation  of  old  standing  by  this  means,  the  Surgeon  unfortunately  for- 
getting to  remove  his  boot,  and  thus  contusing  and  lacerating  the  artery — or 
from  the  humerus  having  become  adherent  to  the  vessel,  and  lacerating  it  when 
torn  away.  The  instances  on  record  of  laceration  of  the  axillary  artery,  and 
the  consequent  formation  of  a  diifuse  traumatic  aneurism  in  the  axilla,  in 
the  reduction  of  old  dislocations,  are  so  numerous — there  being  at  least  twelve 
cases  in  the  records  of  surgeiy — as  to  act  as  a  warning  to  the  Surgeon  not 
to  employ  too  much  force. 

In  the  great  majority  of  these  cases — in  at  least  ten  out  of  the  twelve — the 
diffused  traumatic  aneurism  appeared  immediately  after  the  employment  of 
forcible  and  long-continued  extension.  In  the  remaining  two  instances,  the 
aneurismal  tumour  did  not  appear  uutil  after  the  lapse  of  some  time.  In 
Dupuytren's  case  a  woman,  GO  years  of  age,  had  reduced  a  dislocation  into 
the  axilla  of  six  weeks'  standing.  Two  or  three  months  after  this,  a  tumour 
appeared  in  the  armpit.  This  was  mistaken  for  an  abscess,  and  opened  ; 
arterial  bleeding  ensued,  and  the  patient  died  on  the  eighth  day,  from 
secondary  hajmon'hage.  In  Nelaton's  case  the  patient,  also  an  old  woman,  had 
a  subglenoid  dislocation  which  was  easily  reduced.  But  an  aneurism  appeared 
in  the  axilla,  which,  three  months  after  the  reduction,  compelled  tliat  dis- 
tinguished Surgeon  to  tie  the  subclavian.  Both  these  aneurisms  were  probably 
circumscribed. 

Dupuytren's  case  was  not  the  only  one  in  which  the  fatal  mistake  was  com- 
mitted of  opening  the  aneurism  in  the  axilla — the  same  was  doue  by  Pelletan, 
who  mistook  the  tumour  for  an  emphysema  ;  the  result  being  of  necessity  fatal. 
In  cases  reported  by  Yerduc,  Petit,  Platner,  and  Leudet,  the  aneurism  was 
allowed  to  run  its  course  unchecked  by  efficient  surgical  treatment,  and  in 
eveiy  instance  proved  fatal  by  the  sac  giving  way,  and  secondary  haamorrhage 
ensuing.  Sir  C.  Bell  records  a  case  that  occuri'ed  at  the  Newcastle  Infirmary, 
in  which  the  pectoral  muscles  as  well  as  the  artery  were  torn,  and  immediate 
amputation  became  necessary.  In  four  cases  the  subclavian  artery  has  been 
ligatured.  All  these  happened  in  America  ;  two  to  Gibson,  one  to  Blackman 
of  Cincinnati,  and  one  to  Warren.  Three  of  them  proved  fatal  by  secondary 
haemorrhage,  AYaiTen's  being  the  only  one  in  which  recovery  took  place. 

What  Treatment  should  be  adopted  in  this  distressing  accident  ?    If  the 
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aneurism  be  left  to  itself,  or  be  treated  l)y  inefficient  means,  it  must  necessarily 
prove  fatal  by  its  rupture  or  slouiihing  and  secondary  hajmorrhage.  The 
ligature  of  the  subclavian  is  not  very  promising,  as  a  fatal  result  occurred  in 
three  out  of  the  four  cases  in  which  it  has  been  tried  for  diffuse  aneurism, 
Nelaton's  case  having  been  circumscribed.  In  these  circumstances,  it  appears 
to  me  that  it  would  l)e  wiser  to  apply  to  these  cases  the  usual  principle  of  treat 
ment  that  is  adopted  in  cases  of  dittused  axillary  aneurism  from  other  causes  ; 
viz.,  to  compress  the  subclavian,  lay  open  the  sac,  turn  out  coagula,  and  tie  the 
torn  artery  at  the  seat  of  injury. 

In  one  case,  the  dislocation  being  of  twenty  days'  standing,  and  the  patient 
a  female  2(5  years  old,  Froriep  states  that  reduction  was  followed  by  sudden 
and  extensive  tumefaction  of  the  axilla,  syncope,  and  death  in  an  hour  and  a 
half.  A.j)ost  mortem  examination  disclosed  laceration  of  the  axillary  vein.  No 
mention  is  made  of  any  internal  injury  to  account  for  death. 

Injury  to  the  axillary  nerves  during  reduction  leading  to  paralysis  of  the 
arm  has  also  been  described.  A  case  of  this  kind  is  mentioned  by  Billroth  as 
having  occurred  in  a  patient  under  his  care  at  Zurich.  The  dislocation  was  of 
nine  months'  standing,  and  had  been  attended  by  partial  paralysis  of  the 
arm  and  some  muscular  atrophy.  The  reduction  was  followed  by  total 
paralysis,  which  Billroth  attributes  to  laceration  of  the  axillary  nerves  in  con- 
sequence of  their  having  become  adherent  to  the  bone.  In  the  case  recorded 
by  Flaubert,  already  alluded  to,  fom-  of  the  nerves  were  torn  from  their  attach- 
ments to  the  cord. 

Besides  these  accidents,  other  evil  consequences  have  occasionally  followed 
prolonged  attempts  at  reducing  old  dislocations  of  the  humerus,  such  as  sudden 
death  from  syncope,  and  e.rhaustion.  Guerin's  remarkable  case  of  avidsion  of 
the  limh  at  the  elbow  in  a  woman  03  years  of  age,  in  an  attempt  to  restore  a 
dislocated  humerus  three  months  after  the  luxation  had  occmTed,  is  an  instance 
of  an  accident  that  is  as  yet  unique  in  the  records  of  surgery.  In  this  case 
no  undue  amount  of  force  seems  to  have  been  used,  but  the  tissues  of  the 
limb  had  become  softened — partly  probably  from  disuse,  partly  fi-om  senile 
changes. 

In  the  event  of  the  Surgeon  being  unsuccessful  in  his  attempts  at  reduction, 
he  must  endeavour,  by  means  of  frictions  and  passive  motion,  to  restore,  as  far 
as  practicable,  the  utihty  of  the  limb.  In  some  of  these  cases  of  old  reduced 
dislocation  I  have  succeeded  in  very  materially  improving  its  condition  by 
putting  the  patient  under  the  influence  of  chloroform,  and  moving  the  limb 
freely  to  and  fro  so  as  to  loosen,  stretch,  and  break  up  the  adhesions  about  the 
head  of  the  bone  ;  and  it  is  in  this  way  that  attempts  at  reduction,  even 
though  unsuccessful  in  replacing  the  head  of  the  bone,  are  often  of  great  use 
in  improving  the  mobility  of  the  limb. 

In  cases  of  old  standing,  where  symptoms  of  pressure  on  the  large  vessels 
and  nerves  are  present,  and  where  there  is  danger  of  their  Ijeing  injured  in  the 
attempt  at  reduction,  Billroth  recommends  excision  of  the  head  of  the  bone. 
This  has  been  done  successfully  by  Langenbeck  in  a  case  of  paralvsis  from 
pressure. 

Dislocations  of  the  Elbow  are  extremely  common.  According  to 
Kronlein  they  form  27  per  cent,  of  all  dislocations.  They  occur  with  special 
frequency  in  children  ;  thus,  out  of  94  cases  of  dislocation  of  both  bones  back- 
wards collected  by  Kronlein,  22  occuiTed  in  children  under  10  years  of  age, 
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and  44  between  10  and  20.  Dislocations  of  the  elbow  are  most  commonly 
cansed  by  indirect  violence,  chiefly  falls  on  the  hand  complicated  by  a  twist  of 
the  joint.  In  other  cases  they  may  be  the  rcsnlt  of  direct  violence,  in  conse- 
quence of  which  ranch  swelling-  speedily  sets  in,  their  signs  are  obscured, 
and  the  diagnosis  is  rendered  proportionately  diificult ;  more  especially  when 
the  dislocation  happens  to  be  complicated  with  fracture  of  the  articular 
ends  of  the  bones.  In  these  cases,  indeed,  it  is  only  by  an  accurate  acquaint- 
ance with  the  normal  relations  of  the  osseous  points,  and  by  a  comparison 
between  those  of  opposite  sides,  that  the  Surgeon  can  detect  the  true  nature  of 
the  injury. 

The  Varieties  of  dislocation  of  the  elbow-joint  are  very  numerous,  either 
both  bones  of  the  fore-arm  or  only  one  being  displaced. 

1.  Both  Bones. — The  most  common  dislocation  is  that  in  which  both  bones 
are  thrown  Baclncards,  without  fracture  of  the  coronoid  process.  In  rare 
cases,  however,  this  process  may  be  broken  olf.  This  injury  is  readily  recog- 
nized by  the  projection  backwards  of  the  olecranon,  carrying  with  it  the 
tendon  of  the  triceps.  The  articular  end  of  the  humerus  also  can  be  felt 
projecting  in  fi'ont  of  the  elbow.  When  the  coronoid  pi'ocess  is  not  broken  ofi*, 
it  is  fixed  against  the  posterior  surface  of  the  humerus,  the  fore-arm  being 
immovably  placed  in  its  new  jjosition.  In  the  rare  cases  in  which  this  process 
is  fractured,  there  is  great  mobility  about  the  joint,  and  crepitation  may  be 
felt  as  the  arm  is  drawn  forwards. 

Dislocation  of  both  bones  Forwards  can  scarcely  occur  without  fracture  of 
the  olecranon.    Rare  as  this  accident  must  be,  there  are  at  least  five  cases  on 
record  by  Colston,  Lana,  Delpech,  Canton,  Forbes  of  Philadelphia,  and  Date, 
in  which  the  bones  have  been  so  displaced  without  this  process  being  broken. 
In  this  injury  the  elongation  of  the  forearm,  the  projection  of  the  condyles  of 
the  humerus,  the  presence  of  the  sigmoid  notch  in  front  of  the  arm,  and  the 
depression  of  the  posterior  surface  of  this  bone,  render  the  diagnosis  sufficiently 
easy.    In  one  case  at  University  College  Hospital,  the  injury  was  produced  by 
the  patient,  a  man  20  years  of  age,  slipping  on  the  pavement  and  falling  on  his 
elbow.    In  this  instance  the  elbow  was  much  bent ;  it  could  be  brought  to  a 
right  angle,  and  straightened  considerably.  The  fore-arm  was  three  quarters  of 
an  inch  longer  than  its  fellow.    The  condyles  of  the  humerus  were  on  a  level 
with  the  olecranon  ;  the  tendon  of  the  triceps  was  very  tight,  and  the  sigmoid 
notch  could  be  plainly  felt  on  the  fore  part  of  the  arm.    The  head  of  the  radius 
could  also  be  felt  in  front  of  the  humerus.    In  the  case  recorded  in  the  Lancet, 
1872,  by  Date  of  Crewkerne,  the  dislocation  was  forwards  and  outwards,  so 
that  the  head  of  the  radius  lay  outside  the  external  condyle.  At  the  same  time, 
the  epiphysis  at  the  inner  condyle  was  separated.    When  the  olecranon  is 
broken  off,  there  is  elongation  of  the  fore-arm  and  great  mobility,  but  the 
detached  fragment  can  be  felt  behind  the  humerus. 

The  Lateral  dislocation  of  the  bones  of  the  forearm  is  almost  invariably  in- 
complete ;  either  the  head  of  the  radius  hitching  against  the  internal  condyle, 
or  the  ulna  coming  into  contact  with  the  external  one.  Complete  lateral 
dislocation  of  the  bones  of  the  forearm  is  excessively  rare  :  the  only  instance 
with  which  I  am  acquainted  is  a  luxation  outwards,  reported  by  Nelaton,  of 
which  he  has  given  a  woodcut. 

The  ulna  or  radius  alone  may  be  displaced  ;  and  in  some  cases,  both  bones 
are  dislocated,  but  in  opposite  directions. 
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2.  Ulna. — The  only  dislocation  to  which  the  ulna  alone  is  subject  is  that  in 
a  direction  Backwards.  Although  this  displacement  may  occur  in  an  uncom- 
plicated form,  it  is  more  frequently  associated  with  more  or  less  dislocation  of 
the  head  of  the  radius.  AVhen  it  occurs,  it  may  be  recognized  by  the  i^rojcc- 
tion  of  the  olecranon  backwards,  and  by  the  head  of  the  radius  being  felt  in 
its  normal  situation,  or  nearly  so,  during  the  movements  of  pronation  and 
supination.  In  some  extremely  rare  cases  the  coronoid  process  is  fractured  at 
the  same  time,  causuig  ready  disappearance  and  recurrence  of  the  dislocation, 
with  crepitus. 

3.  Radius. — The  radius  alone  may  be  dislocated  fonvards,  laclavards,  or 
outwards.  The  dislocation  Forwards  is  by  far  the  most  common.  In  the 
many  instances  of  it  that  I  have  seen,  it  has  resulted  from  a  fall  on  the  palm 


Fig.  278.— Dislocation  of  the  Radius  forwards  :  Limit  of  Power  of  Bending  tlie  Aj-ii 


Fig.  279.— Dislocation  of  the  Radius  forwards  :  Deformity  of  Outer  Side  of  the  Aj-ni  when  Extended. 


Fig.  280.— Position  of  the  Bones  in  an  old  Unreduced  Dislocation  of  the  Radius  forwards. 


of  the  hand,  by  which  the  lower  end  of  the  radius  is  di'iven  backwards,  while 
the  upper  end  is  tilted  forwards  with  the  whole  force  of  the  leverage  of  the 
bone,  and  in  this  way,  rupturing  the  annular  ligament,  is  thrown  against  the 
external  condyle.  The  signs  of  this  displacement  are  the  following.  "^The  fore- 
arm is  slightly  flexed,  and  in  a  mid  state  between  pronation  and'' supination  • 
any  attempt  at  completing  the  latter  position  occasions  great  pain,  as  does  also 
the  endeavour  to  straighten  the  arm.  The  elbow  can  be  bent  only'to  an  obtuse 
angle,  in  consequence  of  the  head  of  the  radius  being  suddenly  brouo-ht  up 
against  the  lower  end  of  the  humerus,  against  which  it  strikes  with  a  sudden 
shock  (Figs.  278,  2<S0).    On  rotating  the  radius  much  pain  is  experienced 
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and  the  head  of  the  bone  can  be  felt  to  roll  on  the  fore  part  of  the  hnmeriis, 
the  external  condyle  of  which  projects  nnnaturally,  Avith  a  distinct  hollow 
beneath  it  where  the  head  of  the  radius  should  be.  The  hand  and  arm  can 
be  fully  pronated,  but  cannot  be  supinated  more  than  half  way.  The  whole  of 
the  outer  side  of  the  arm  is  deformed,  being  carried  somewhat  upwards  (Fig. 
27!)).  The  rupture  of  the  annular  ligament  in  this  dislocation  makes  it  very 
difficult  to  keep  the  head  of  the  radius  properly  fixed,  so  as  to  pre\'eut  a 
recurrence  of  the  displacement. 

In  some  cases,  and  indeed  not  unfrequently,  there  is  incomplete  disloca- 
tion of  the  radius  forwards,  arising  either  from  falls  upon  the  hand,  or  from 
violent  twists  oi  the  forearm.  In  these  we  have  the  preceding  signs,  though 
less  marked.  The  most  characteristic  symptom,  however,  is  the  patient's 
inability  to  flex  the  forearm  upon  the  arm.  This  he  can  never  do  to  a  greater 
extent  than  to  bring  the  elbow  to  a  right  angle  (Fig.  278).  On  being  told  to 
touch  the  tip  of  his  shoulder  with  his  fore-finger,  he  will  find  it  impossible  to 
do  so. 

The  dislocation  of  the  radius  Backwards  is  extremely  rare  ;  it  may  always 
be  recognized  by  the  head  of  that  bone  being  felt  subcutaneously,  behind  the 
external  condyle  ;  the  movements  of  the  elbow,  and  of  the  radius  especially, 
being  at  the  same  time  very  limited  and  painful. 

Dislocation  of  the  radius  Outwards  is  of  more  frequent  occurrence  than  the 
last  injury,  the  head  of  the  bone  being  thrown  on  the  outer  side  of  the  external 
condyle,  where  it  is  felt  under  the  skin,  rolhng  as  the  hand  is  moved.  The 
natural  motions  of  the  joint  are  of  course  gi'eatly  interfered  with. 

The  radius  and  ulna  are  sometimes  displaced  in  Opposite  Directions,  the 
ulna  being  thrown  hachivards,  and  the  vdAm'& forwards.  This  injury,  of  which 
I  have  seen  two  instances  at  the  hospital,  usually  results  from  hea^^  falls  upon 
the  hand,  with  a  wrench  of  the  limb  at  the  same  time,  as  when  a  person  is 
thrown  out  of  a  carriage  and  alights  upon  his  hands,  in  consequence  of  which 
the  bones  are  twisted  and  displaced  in  opposite  directions.  The  deformity  is  of 
course  great,  but  is  readily  recognized  by  the  combination  of  the  characters  of 
the  two  forms  of  displacement,  provided  an  examination  be  made  before  the 
swelling,  which  rapidly  sets  in,  has  come  on. 

Complications. — Dislocations  of  the  elbow-joint  are  veiy  frequently  com- 
plicated with  fracture  of  one  or  other  condyle  of  the  humerus,  of  the  olecranon, 
and — more  rarely,  as  we  have  already  seen  in  displacement  of  the  ulna — 
of  the  coronoid  process.  In  these  complicated  injuries  an  exact  diagnosis  is 
often  extremely  difficult,  owing  to  the  laxity  and  mobility  of  the  parts,  and  to 
the  great  tumefaction  that  accompanies  accidents  of  this  description. 

Diagnosis. — For  the  diagnosis  of  these  various  injuries  a  good  knowledge 
of  the  relative  bearing  of  the  different  osseous  points  is  essential,  but  an 
accurate  comparison  of  the  injured  with  the  sound  limb  is  equally  important. 
Dislocation  of  both  bones  backwards  most  nearly  resembles  separation  of  the 
lower  epiphysis  of  the  humerus,  but  the  distinction  can  usually  be  easily  made 
by  attention  to  the  rules  laid  down  on  page  572. 

The  mode  of  Reduction  in  dislocations  of  the  elbow-joint  varies  according 
as  the  ulna  is  displaced  or  not.  When  the  ulna  is  dislocated,  in  whatever 
direction  it  may  be  thrown,  and  whether  the  radius  be  displaced  at  the  same 
time  or  not,  the  great  obstacle  to  reduction  is  the  hitching  of  the  processes  of 
the  bone  against  the  articular  end  of  the  humerus.    If  either  the  olecranon  or 
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coronoid  process  be  fractured,  this  eutano-lement  cannot  take  place,  and  the 
joint  then  readily  slijis  into  its  position,  though  it  is  very  difficult  to  maintain 
it  there.  The  reduction  of  the  displaced  ulna,  when  uncompUcated  by  fracture, 
may  always  be  effected,  as  Sir  A.  Cooper  has  recommended,  by  bending  the  arm 
over  the  knee.  The  patient  being  seated  on  a  chair,  the  Surgeon  rests  one 
foot  upon  the  seat,  and,  placing  the  knee  in  the  bend  of  the  injured  elbow, 
grasps  the  forearm  with  both  hands  (Fig.  281) ;  fixing  the  arm,  he  presses  the 
knee  firmly  against  the  inner  aspect  of  the  forearm,  so  as  to  disengage  the 
ulna  from  the  lower  end  of  the  humerus,  and  at  the  same  time  he  bends  or 
pushes  the  forearm  into  proper  position,  into  which,  indeed,  it  has  a  tendeucy 

to  return  by  the  action  of  its  own  muscles, 
so  soon  as  the  opposing  osseous  surfaces 
are  separated. 

In  dislocations  of  the  radius,  this  move- 
ment across  the  knee  is  not  necessary.  All 
that  is  required  is  to  fix  the  upper  arm, 
and  then,  employing  extension  from  the 
wi'ist,  to  straighten  the  arm  well ;  when, 
by  bending  the  elbow  at  right  angles,  the 
head  of  the  radius  may  be  pressed  into  a 
proper  position. 

After  reduction  has  been  effected,  the 
limb  should  be  firmly  put  up  in  lateral 
angular  splints,  the  hand  being  kept  semi- 
prone.  If  the  radius  have  been  displaced, 
a  pad  should  be  appHed  over  its  head,  so  as 
to  prevent  a  return  of  the  displacement, 
which  is  very  apt  to  occm-  when  the  or- 
bicular ligament  is  torn.  In  the  case  of  dis- 
location  of  the  radius  forwards,  however, 
reduction  is  best  maintained  by  placing 
the  arm  in  the  extended  position,  and  ap- 

Fig.  281.— Dislocation  of  the  Ulna:  Reduction,    plying  a  straight  Spliut,  Well  padded,  aloUg 

the  palmar  aspect  of  the  limb.  The  in- 
flammation which  usually  results  must  be  combated  by  the  application  of 
evaporating  lotions.  When  it  has  subsided,  passive  motion  may  be  com- 
menced, and  frictions  and  douches  employed,  so  as  to  remove  the  stiffness  that 
is  apt  to  be  left  about  the  joint. 

In  those  cases  in  which  the  dislocation  is  complicated  with  fracture  of  some 
part  of  the  articular  ends,  and  in  which  the  diagnosis  of  the  precise  nature  of 
the  injury,  owing  to  the  swelling  or  other  causes,  has  not  been  very  clearly 
made  out,  the  joint  should  be  placed  in  as  good  a  position  as  possible,  by  a 
process  of  traction,  flexion,  and  moulding,  so  as  to  bring  the  osseous  points 
into  proper  bearing  with  one  another ;  the  angular  splints  must  then  be  applied 
and  local  antiphlogistic  treatment  employed.  At  the  end  of  a  month  or  five 
weeks  passive  motion  may  be  commenced,  lest  permanent  rigidity,  which  is 
very  apt  to  supervene,  come  on. 

Compound  Dislocations  of  the  Elbow  are  ahvays  very  serious  injuries, 
although  by  the  employment  of  a  rigorous  antiseptic  treatment  their  gravity 
may  be  much  lessened.    By  these  means  a  useful  joint  may  usually  be  saved 
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when  the  soft  parts  are  not  too  extensively  lacerated,  without  any  operative 
interference.  In  other  cases  the  Surgeon  may  often  have  to  decide  between 
resection  of  the  articular  ends  and  amputation  of  the  arm.  Should  the  soft 
structures  he  extensively  contused  and  torn,  the  brachial  artery  or  the  median 
nerve  injured,  and  the  bones  fractured  as  well  as  dislocated,  amputation  will 
be  the  safer  course.  In  determining  on  the  line  of  practice,  however,  the 
Surgeon  will  be  guided  by  the  considerations  stated  at  p.  575,  in  reference  to 
compound  fracture  of  this  joint.  In  some  instances  recovery  has  taken  place 
with  a  very  useful  limb,  even  after  severe  compound  dislocation  of  the  elbow- 
joint,  complicated  with  rupture  of  the  brachial  artery. 

Old-standing  Dislocations  of  the  Elbow  are  reduced  with  much  difficulty 
in  all  cases  in  which  the  ulna  is  completely  displaced  ;  this  is  owiug  rather  to 
the  interlocking  of  the  irregular  articular  surfaces  and  to  the  formation  of 
adhesions  in  the  torn  capsule  and  around  the  displaced  bones,  than  to  muscular 
contraction.  The  tendon  of  the  triceps,  and  even  that  of  the  biceps,  has 
been  divided  in  some  of  these  cases  of  old-standing  dislocation  of  the  elbow, 
in  order  to  facilitate  reduction.  In  those  instances  in  which  I  have  done  this 
operation  or  seen  it  adopted,  but  little,  if  any,  good  has  resulted  ;  and  I  have 
known  troublesome  sloughing  to  ensue.  As  a  general  rule,  I  believe  that  it 
will  be  found  extremely  difficult,  even  under  ancesthesia  and  with  the  aid 
of  the  pulleys,  to  reduce  an  ulna  that  has  been  completely  dislocated  for  more 
than  a  month.  When  the  ulna  is  only  partially  dislocated,  even  though  the 
radius  be  completely  displaced,  reduction  may  be  effected  without  much  diffi- 
culty at  a  very  much  later  period — it  is  said,  as  late  as  two  years  after  the 
accident  ;  but  here  the  difficulty  is  not  to  effect  but  to  maintain  the  reduction 
and  keep  the  bone  in  position,  as  it  has  a  constant  tendency  to  slip  forwards 
and  outwards.  Provided  a  dislocated  elbow  can  be  so  far  reduced  as  to  allow 
the  forearm  to  be  bent  at  a  right  angle,  a  useful  arm  will  be  left. 

Dislocations  of  the  "Wrist  are  of  rare  occurrence  ;  so  much  so,  that  their 
existence  has  been  denied  by  Dupuytren  and  other  modern  Surgeons  of  great 
experience.  Although  there  can  be  no  doubt  that  fractures  of  the  lower  end  of 
the  radius,  more  especially  of  an  impacted  character,  have  often  been  mistaken 
for  these  displacements,  yet  there  can  be  now  no  question  that  they  do  occa- 
sionally, though  rarely,  occur.  Any  doubt  that  may  formerly  have  existed 
upon  this  point,  in  consequence  of  the  want  of  'jwst  mortem  examinations,  has 
been  in  recent  years  cleared  up  by  the  dissections  of  cases  that  have  been  made 
by  JMarjolin  and  Voillermier.  The  observations  of  these  Surgeons,  together 
with  those  previously  made  by  Sir  A.  Cooper,  tend  to  show  that  dislocation 
of  the  Hand  and  Carpus  from  the  radius  may  take  place  either  hachivards 
or  fonvards. 

These  accidents  are  occasioned  either  by  falls  on  the  palm,  or  by  the  hand 
being  forcibly  bent  forwards.  In  falls  on  the  palm  the  hand  may  be  thrown 
forwards  under  the  bones  of  the  forearm,  lying  on  their  palmar  aspect.  In 
forcible  bending  of  the  hand  forwards  there  may  be  displacement  of  it  and  the 
cai-pus  backwards  on  the  dorsal  aspect  of  the  radius  and  ulna. 

In  the  Dislocation  of  the  Hand  and  Carpus  Backwards — the  Dorsal 
displacement — there  will  be  shortening  of  the  length  of  the  limb  below  the 
elbow,  with  a  large  dorsal  prominence  occasioned  by  the  carpus  overlapping 
the  lower  end  of  the  radius,  which  bone  will  be  felt  and  seen  as  a  projection 
On  the  palmar  side.    In  the  other  variety  of  radio-carpal  dislocation,  the 
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Fig.  2S2 


-Dislocation  of  the  Hand  and  Carpus 
forwards. 


Hand  and  Carpus  are  thrown  Forwards  under  the  radius  and  ulna  on 
their  Palmar  aspect.  This  dislocation  is  illustrated  in  the  accompanying- 
figure,  taken  from  a  cast  sent  to  me  by  Cadge  of  Norwich  (Fig.  282).  In  it 
the  projection  of  the  styloid  process  of  the  ulna  and  the  lower  end  of  the 
radius  ibrm  a  concave  line  on  the  dorsal  aspect,  overlapping  the  carpus,  Avbich 
lies  on  the  palmar  side  of  the  radius. 

The  Diagnosis  of  these  injuries  has  to  be  made  from  sprains  of  the  wrist, 
from  simple  and  from  impacted  fractures  of  the  radius.  From  sprains  of  the 
wrist,  the  great  and  prominent  deformity  will  at  once  enable  the  Surgeon  to 
distinguish  a  dislocation.  From  simple  fracture  of  the  lower  end  of  the  radius,^ 
the  peculiar  deformity,  and  the  absence  of  crepitus,  will  afford  ready  means  of 

diagnosis.  It  is  from  the  impacted 
fracture  of  the  lower  epiphysis  of  the 
radius  that  it  is  most  difficult  to  dis- 
tinguish a  dislocation.  In  the  disloca- 
tion, however,  the  general  laxity  of  the 
wrist- joint,  the  greater  readiness  with 
which  the  deformity  is  removed,  the 
l^eculiar  and  abrupt  swelling,  and  the 
absence  of  obliquity  of  the  hand  to- 
w'ards  the  radial  side,  will  enable  the 
Surgeon  to  distinguish  the  true  nature 
of  the  injury. 
The  Treatment  of  these  cases  is  simple, 
and  in  accordance  with  general  principles.  Eeduction,  which  is  readily  efiFected, 
must  be  maintained  by  the  application  of  aiitero-posterior  splints  of  sufficient 
length  to  take  in  the  hand. 

Compound  Dislocation  of  the  "Wrist,  without  fracture  of  the  bones  of 
the  fore-arm,  is  a  rare  accident.  In  one  such  case  which  came  under  my  care 
at  the  Hospital,  in  consequence  of  injury  uiflicted  on  the  arm  by  machinery, 
the  hand  was  thrown  forwards,  the  radius  projecting  backwards,  and  the  soft 
structures  on  the  palmar  aspect  of  the  joint  w'ere  so  extensively  torn  through 
as  to  necessitate  amputation.  The  Treatment  of  such  a  case  will  depend  on 
the  amount  of  injuiy  done  to  the  soft  parts.  If  these  be  not  very  extensively 
injured,  an  attempt  may  be  made  to  save  the  limb  ;  but  if  they  be  widely  torn 
through,  the  arteries  and  nerves  lacerated,  and  the  tendons  perhaps  hanging- 
out,  amputation  will  be  required  ;  this  occurred,  and  the  operation  was  per- 
formed, in  the  case  to  which  I  have  just  referred.  This  will  be  rendered  more 
imperative  if  the  bones  of  the  fore-arm  be  comminuted  as  well. 

Congenital  Dislocation  of  the  Wrist  may  take  place  either  forwards  or 
backwards.  The  limb  is  in  either  case  greatly  deformed.  The  bones  are 
shortened  and  altered  in  shape,  more  especially  the  lower  end  of  the  radius. 
The  muscles  are  also  shortened,  the  extensor  tendons  forming  a  sharp  angle  as 
they  pass  over  the  carpus. 

Dislocations  of  Single  Bones  of  the  Carpus  are  by  no  means  frequent. 
The  bone  that  is  most  commonly  displaced  is  the  Os  Magnum.  This  accident 
usually  happens  from  falls,  in  which  the  hand  is  violently  bent  forwards,  in 
consecjuence  of  which  this  bone  starts  out  from  its  articulations,  projecting  as  a 
round  hard  tumour  on  the  back  of  the  wrist  opposite  to  the  metacarpal  bone  of 
the  middle  finger.    It  may  be  readily  reduced  by  being  pressed  upon  while  at 
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the  same  time  the  hand  is  extended.  There  is,  however,  a  great  tendency  for 
this  bone  to  shp  out  again,  leaving  considerable  weakness  of  the  joint ;  so 
much  so.  that  in  two  cases  recorded  by  Sir  A.  Cooper,  the  patients  found  it 
necessary  to  wear  artificial  supports. 

The  Pisiform  Bone  is  occasionally  dislocated  upwards.  In  a  case  under 
my  care,  it  was  displaced  by  an  eftbrt  to  lift  a  heavy  weight,  and  drawn  up  the 
arm  to  a  distance  of  nearly  an  inch  by  the  flexor  carpi  uhiaris. 

A  case  some  time  ago  occurred  to  me,  at  the  Hospital,  in  which  the  Semi- 
lunar Bone  was  dislocated.  The  patient  had  fallen  from  a  height,  injuring 
his  spine,  and  doubling  his  right  hand  under  him.  On  examining  the  wrist,  a 
small  hard  tumour  was  felfc  projecting  on  its  dorsal  aspect ;  it  readily  disap- 
peared on  extending  the  hand  and  employing  firm  pressiu-e,  but  started  up 
again  so  soon  as  the  wrist  was  forcibly  fiexed.  It  was  evident  that  this  bone 
belonged  to  the  first  row  of  the  carpus,  articulating  with  the  radius  ;  and  from 
its  size,  its  position  towards  the  radial  side  of  the  carpus,  and  its  shape,  which 
could  be  very  distinctly  made  out  through  the  integuments,  there  could  be  little 
doubt  that  it  was  the  semilunar  bone.  Taalfe,  of  Brighton,  has  related  a  case 
in  which  the  semilunar  bone  was  dislocated  anteriorly,  so  that  it  projected 
upwards  and  forwards  between  the  radius  and  ulna. 

Dislocations  of  the  Metacarpal  Bones. — The  Metacarpal  Bones 
may  possibly,  though  very  rarely,  be  dislocated  from  the  carpus.  This  acci- 
dent happens  usually  to  a  single  metacarpal  bone  ;  which,  in  consequence  of 
some  extreme  degree  of  violence,  is  forced  out  of  its  bed  and  is  thrown  back- 
wards on  the  carpus.  Most  frequently,  this  accident  is  the  result  of  injmy  and 
shattering  of  the  hand  by  gun-barrel  or  powder-flask  explosions  ;  and  in  such 
cases  the  metacarpal  bone  of  the  Thumb  is  the  one  that  commonly  suffers, 
the  dislocation  being  also  usually  compound,  and  complicated  with  fracture  of 
the  bones  and  extensive  palmar  laceration.  Dislocation  of  the  metacarpal 
bone  of  the  thumb,  however,  is  rare,  though  the  articulation  between  this  bone 
and  the  trapezium  appears  at  first  not  to  be  of  a  character  to  resist  much 
external  ^•iolcnce.  This  is  probably  owing  in  a  gi'eat  measure  to  the  powerful 
muscles  by  which  the  bone  is  supported  in  all  cases  in  which  the  force  is  ap- 
plied upon  its  palmar  aspect,  as  it  most  frequently  is,  as  well  as  to  the  little 
leverage  ofiered  by  so  short  a  bone.  Luxation,  however,  of  the  metacarpal 
bone  of  the  thumb  has  been  observed  to  take  place  forwards  as  well  as  hack- 
wards,  the  latter  being  the  most  common.  The  Reduction  is  in  general  easy, 
extension  being  made  fi-oni  the  thumb  by  means  of  a  piece  of  tape  applied 
romid  the  first  phalanx. 

Next  to  the  metacarpal  bone  of  the  thumb,  those  of  the  Index  and  Middle 
Fingers  are  most  liable  to  dislocation  backwards  :  sometimes  complete,  at 
others  incomplete. 

I  am  not  acquainted  with  any  case  on  record  in  which  all  the  metacarpal 
bones  have  been  dislocated  from  the  carpus.  The  annexed  engTavdng  (Fig. 
283)  is  from  a  cast  in  University  College  Museum,  taken  fi'om  a  patient  in 
the  Hospital,  in  whom  I  believe  that  this  accident  must  have  occurred ;  the 
hand  being  thrown  forwards  and  shortened,  and  the  carpal  bones  forming  a 
rounded  and  convex  prominence  on  the  dorsum  of  the  metacarpus.  The 
convex  appearance  of  this  coiTcsponds  with  the  outhnc  of  the  carpal  bones, 
and  difl'ers  so  very  remarkably  from  the  concave  aspect  of  the  lower  end  of  the 
radius  and  ulna,  as  seen  in  the  radio-carpal  dislocation  (Fig.  282),  that  I 
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think  there  caii  be  Httlc  doubt  us  to  the  nature  of  the  injury  sustained  by  the 
patient. 

The  Treatment  of  such  cases  will  be  the  same  as  that  for  ordinary  disloca- 
tions of  the  carpal  bones  ;  sphnts  of  sufficient  length  to  take  in  the  hand  being 
applied,  after  reduction,  in  order  to  maintain  the  parts  in  position. 

Dislocations  of  the  ]\Ietacarpo-Phalangeal  Articulations  are  by  no 
means  of  common  occurrence.  They  are  usually  produced  by  falls  on  the  hand, 
and  are  met  with  at  all  ages  ;  most  commonly  in  the  young  adult,  but  some- 
times at  an  earlier  age.  I  have  seen  this  accident  in  a  child  four  years  old. 
Most  frequently  the  Proximal  Phalanx  of  the  Thumb  is  the  bone  that  is 
dislocated,  being  thrown  hackwards  on  tlie  metacarpal  bone  (Fig.  284)  in  such 


Fig.  2S3.— Dislocation  of  the  Fig.  284.— Dislocation,  liack- 

Jletacni-ims,  forwards,  from  wards,  of  the  Proximal 

the  Carpus.  Phalanx  of  the  Thumb. 


a  way  that  the  articular  surface  of  the  phalanx  rests  upon  the  back  of  the 
metacai'pal  bone  immediately  below  its  head.    The  signs  of  the  accident 
are  sufficiently  evident.     In  the  normal  state  of  the  hand,  the  metacarpo- 
phalangeal articulation  of  the  thumb  is  convex  backwards  :  in  this  dislocation 
it  becomes  convex  towards  the  palmar  aspect  and  angularly  concave  behind. 
The  head  of  the  metacarpal  lione  can  be  felt  and  seen  projecting  on  the  palmar 
asj^ect  of  the  thumb.  The  proximal  phalanx  stands  up  as  it  were  upon  the  back 
of  this  bone,  but  the  articular  surface  of  the  phalanx  cannot  be  felt,  owing 
to  its  being  in  contact  with  the  posterior  part  of  the  metacarpal  bone  just  above 
its  neck.    The  phalangeal  articulation  is  always  semiflexed.    This  dislocation  . 
of  the  proximal  phalanx  of  the  thumb  has,  owing  to  the  difficulty  of  its  re-  ■ 
duction,  attracted  more  attention  from  Surgeons  than  it  would  at  first  appear- 
to  deserve.    So  great  has  this  difficulty  been  in  some  cases,  as  to  render  the  ^ 
dislocation  irreducible,  notwithstanding  the  employment  of  as  much  force  as  it  i 
was  safe  to  use,  and  that  most  skilfully  directed,  or  to  compel  the  Siu'geon  to 
have  recourse  to  o]ierative  interference  in  order  to  replace  the  head  of  the  bone. 
The  obstacle  to  the  ready  reduction  of  this  small  lione  has  been  attributed  to 
different  causes.    Thus,  Hey  supposed  that  it  was  owing  to  the  constriction  of 
the  neck  of  the  bone  between  the  lateral  ligaments  of  the  joint.  Dupuytren 
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entertained  a  very  similar  opinion,  looking  upon  the  malposition  of  these 
ligaments  as  the  principal  source  of  dithculty.  The  folding  in  of  the  anterior 
ligament  of  the  joint,  and  the  interposition  of  a  sesamoid  bone  between  the 
articulating  surfaces,  have  also  been  regarded  as  giving  rise  to  this  peculiar 
difficulty  in  reduction.  The  more  probable  explanation,  however,  appears  to 
be,  that  the  narrow  iieck  of  the  metacarpal  bone  becomes  locked  between,  or 
constricted  by,  the  two  terminal  attachments  of  the  short  flexor  of  the  thumb, 
which  must  be  carried  back  over  its  broader  head,  together  with  the  displaced 
phalanx  ;  the  head  of  the  metacarpal  bone  being  grasped  between  these  tendons 
and  the  torn  capsule  of  the  joint,  like  a  stud  between  the  sides  of  a  button-hole. 
The  observations  of  Vidal,  ]\Ialgaigne,  and  Ballingall  point  to  this  as  the  cause 
of  the  great  difficulty  in  reduction  that  is  often  met  with. 

Reduction. — Although,  as  has  been  said,  great  difficulty  in  reduction  is 
often  met  with,  it  would  be  a  great  error  to  suppose  that  it  always  exists.  On 
the  contrary,  very  many  of  these  dislocations  are,  under  chloroform,  most 
readily  reduced  by  simple  traction  and  manipulation.    Should  any  difficulty 


be  experienced,  the  following  plan  will  usually  answer.  The  hand  and  meta- 
carpal bone  being  fixed  by  an  assistant,  the  Surgeon  bends  back  the  thumb, 
so  as  to  bring  the  phalanx  to  a  right  angle  with  the  metacarpal  bone  on  which 
it  is  displaced.  He  now  employs  traction  in  the  axis  of  the  displaced  portion 
of  the  thumb,  keeping  the  metacarpal  bone  well  j^ressed  down  into  the  palm. 
Having  thus  unlocked  the  phalangeal  articular  surface  from  the  back  of  that 
bone,  he  draws  it  well  forwards,  and,  when  it  is  opposite  the  head  of  the 
metacarpal  bone,  bends  it  down  into  the  palm.  In  this  way  I  have  reduced 
a  dislocation  of  the  phalanx  backwards  between  five  and  six  weeks  after  its 
occurrence.  Simple  traction  in  the  straight  direction,  however  forcible,  and 
even  when  aided  by  the  pulleys,  will  do  little,  if  any,  good  in  the  reduction  of 
this  dislocation,  as  the  only  effect  is  to  draw  the  slit  in  the  capsule  and  the  two 
heads  of  the  short  flexor  more  tightly  than  ever  round  the  neck  of  the  bone. 
Very  severe  extension  has  been  employed  without  any  effect  ;  and  there  is  the 
tradition  in  the  surgical  profession  in  London  of  a  thumb  having  been  dragged 
off  in  the  attempt  to  reduce  this  dislocation  by  pulleys.  If  the  Surgeon  fail  in 
reducing  the  dislocated  phalanx  by  manipulation  under  chloroform,  as  above 
described,  or  by  traction,  what  is  to  be  done  ?  In  these  circumstances,  the 
dislocation  should  not  be  left  without  a  further  effort  to  replace  the  bone  ;  and 
this  may  usually  be  readily  enough  done  by  the  subcutaneous  section  of  the 
resisting  structures.  The  Surgeon  must  bear  in  mind  that  the  obstacle  to 
reduction  is  purely  mechanical ;  that  muscular  contraction  has  nothing  to  do 


Fig.  285. — Reduction  of  Dislocation  of  Thumb. 
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with  it ;  and  that  it  is  quite  as  gi-eat  when  the  patient  is  anaesthetized  as  when 
he  is  not.  He  must  therefore  enlarge  the  sht  in  the  capsule,  and  divide  the 
tense  bands  formed  on  each  side  by  the  tendinous  attachments  of  the  short 
flexor.  This  operation  is  ])cst  done  by  passing  a  tenotome  through  the  skin  in 
front  of  the  joint,  and  cutting  first  on  one  side,  then  on  the  other.  The  chief 
resistance  will  be  found  on  the  ulnar  side  of  the  thumb,  where  the  tendinous 
insertion  of  the  adductor  polhcis  is  probably  divided  at  the  same  time  as  that 
of  the  short  flexor  of  the  thumb.  After  these,  structures  have  been  cut  through, 
the  phalanx  can  be  replaced,  and  the  thumb  should  be  put  up  securely  between 
splints. 

When  reduction  has  been  effected,  care  must  be  taken  to  prevent  recur- 
rence of  the  displacement.  This  is  best  done  by  keeping  the  thumb  bent  into 
the  palm,  and  retaining  it  there  by  means  of  a  gutta-percha  cap  moulded  over 
it  and  bandaged  down.  If  the  dislocation  be  left  unreduced,  the  thumb  will 
to  a  great  extent  become  useful,  but  necessarily  shortened,  deformed,  and 
incapable  of  much  flexion. 

In  Compound  Dislocation  of  this  joint,  the  bone  may  usually  readily  be 
replaced  ;  should  there  be  any  difficulty  in  retaining  the  bone  in  position,  the 
head  of  the  metacarpal  bone  must  be  removed,  the  dislocation  being  then 
reducible  with  great  readiness,  and  the  wound  treated  in  a  simple  manner. 
Dislocations  between  the  Phalanges  rarely  occur.    These  dislocations 
are  partial  or  incomplete,  and  usually  consist  of  a  twist  of 
the  second  upon  the  proximal  phalanx.    I  do  not  think 
that  simple  dislocation  of  the  ungual  phalanx  fi-om  the 
second  is  possible.    Partial  dislocation  of  the  middle  pha- 
lanx, which  is  a  very  common  accident,  is  readily  recognized 
by  the  deformity  it  entails  (Fig.  286),  and  is  easily  reduced 
by  pressure  and  traction  in  proper  directions.    A  very  con- 
venient mode  of  applying  traction  is  by  means  of  the  toy  called 
an  "  Indian  puzzle  "  (Fig.  285),  which  grasps  the  finger  more 
tightly  the  more  it  is  pulled  upon.    The  finger  will  continue 
to  be  stiff  and  comparatively  useless  for  some  length  of  time  ; 
the  joint  being  swollen  and  tender  ;  the  patient  can  generally 
bend  it,  but  cannot  extend  it  fully  or  bear  any  traction  upon 
it.    This  condition  is  especially  apt  to  be  troublesome  and 
chronic  if  the  patient  be  gouty,  or  if  his  general  health  be 
otherwise  deranged,  and  requires  rest  and  local  counter-irritation,  with  an 
anti-podagric  treatment  for  its  remedy.    In  Compound  Dislocation  of  the 
phalanges,  the  bone  should  be  replaced,  the  finger  supported  by  a  gutta- 
percha splint,  and  the  wound  dressed  lightly.    In  some  cases  it  is  necessary 
to  remove  the  projecting  end  of  bone  before  this  can  conveniently  be  done  : 
ankylosis  then  results,  a  sufiicieutly  useful  finger  being  left. 


Fig.  2S6.— Partial  Dis- 
location of  the  Mid- 
dle Phalanx  of  tlie 
Middle  FinL'er. 


DISLOCATIONS  OF  THE  LOWER  LIMB. 

Dislocations  of  the  Pelvis. — It  often  happens  that,  in  consequence  of 
severe  blows  upon  or  compression  of  the  pelvis,  the  Symphysis  of  the  Pubic 
Bones,  or  more  frequently  the  Sacro-iliac  Articulation,  is  displaced. 
Here  the  nature  of  the  injury  is  indicated  by  the  deformity  that  results  ;  and, 
the  same  treatment  is  required  as  in  fracture  of  the  pelvis,  with  which  these 
accidents  are  commonly  associated. 
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The  Coccyx  is  sometimes  violently  bent,  and  almost  (W^locM  forwards  by- 
falls  ;  or  it  may  be  forcibly  bent  backwards  dnring  violent  iiartm-ient  eiforts. 
These  accidents  may  be  remedied  by  manipnlation  thron<?h  the  rectnm  ;  bub 
are  apt  to  be  followed  by  that  painful  neuralgic  affection  Coccydynia,  described 
at  p,  587. 

Dislocations  of  the  Femur.— Notwithstanding  the  great  depth  of  the 
acetabulum,  the  complete  manner  in  which  the  head  of  the  thigh-bone  is 
received  into  its  cavity,  the  firmness  of  the  capsular  ligament,  and  the  great 


DISLOCATIONS  OF  THE  HEAD  OF  THE  THIOH  BONE,  ACCORDING  TO  ASTLEY  COOPER'S  CLASSIFICATION. 

Fig.  2S7.— Upwards  and         Fig.  2SS.— Backwards  Fig.  289.— Downwards      Fig.  290.— Forwards 

soinewliat  Baokwards,         towards  Sciatic  Notcli.  into  Forameu  Ovale.         and  Upwards  on 

on  Dorsum  Ilii.  the  Pubic  Bone. 

strength  of  the  muscles  that  surround  and  support  the  joint,  dislocations  of 
the  hip  are  more  frequently  met  with  than  those  of  many  other  joints  that 
appear  less  perfectly  supported.  This  is  doubtless  in  a  great  measure  owing 
to  the  action,  on  the  head  of  the  femur,  of  the  great  length  of  leverage  of  the 
thigh-bone  itself  when  external  violence  is  applied  to  the  knee,  and  of  the 
whole  of  the  lower  extremity  when  the  violence  is  applied  to  the  foot. 

Dislocation  of  the  hip-joint  occurs  chiefly  in  young  or  middle-aged  adults 
In  very  old  people,  fracture  of  the  neck  of  the  femur  will  commonly  be  pro- 
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duced  by  the  same  violence  that  would  have  displaced  the  head  of  the  bone  at 
an  earlier  ao-e.  Tn  cliildren  dislocation  is  rare,  as  the  shaft  o-enerally  gives 
way.  Yet  it  does  happen  even  at  a  very  early  age.  Two  cases  have  occurred 
in  my  practice  at  the  Hospital.  In  one  the  bone  was  dislocated  on  the 
pubic  bone,  in  a  child  a  year  and  a  half  old  ;  in  the  other  on  the  dorsum  ilii 
in  a  boy  of  six. 

The  dilfercnt  forms  of  dislocation  of  the  femur  were  described  with  great 
clearness  and  precision  by  Sir  A.  Ooojier,  according  to  whom  the  head  is  most 
commonly  thrown  upwards  and  somewhat  backwards,  so  as  to  lodge  on 
the  slightly  concave  surface  between  the  acetabulum  and  the  crista  ilii,  resting 
on  the  gluteus  minimus,  and  having  the  trochanter  turned  forwards  (Fig.  287); 
or  the  head  may  be  thrown  downwards  into  the  foramen  ovale,  lying  upon 
the  obturator  externus  muscle  (Fig.  289) ;  or  forwards  and  upwards  upon 
the  horizontal  branch  of  the  pubic  bone  under  the  psoas  and  iliacus  muscles, 
to  the  outer  side  of  the  femoral  vessels  (Fig.  290);  lastly  he  described  a  variety 
in  which  the  head  of  the  bone  was  supposed  to  be  thrown  backwards  into 
the  great  sciatic  notch  and  to  rest  upon  the  pyriformis  (Fig.  288).  It  has, 
however,  since  been  shown  that  the  peculiar  features  of  this  form  are  due,  not 
to  the  head  of  the  bone  sinking  into  the  notch,  but  to  the  relation  of  the  neck 
of  the  femur  to  the  obturator  internus  muscle. 

The  classification  originally  given  by  Sir  Astley  Cooper  has  been  of  late 
years  slightly  modified  in  accordance  with  the  more  accurate  knowledge  we 
now  possess  of  the  various  forms  of  dislocation  of  the  femur.  It  has  been 
shown  by  experiments  on  the  dead  body  that  the  most  important  structm-e  in 
the  mechanism  of  dislocation  of  the  hip-joint  is  the  ilio-femoral  ligament. 
Gunn  of  Chicago,  Busch,  Von  Pitha,  and,  more  recently  and  fully,  Bigelow, 
have  insisted  on  an  exact  knowledge  of  this  important  ligament  as  constituting 
the  basis  of  a  correct  underetandiug  of  the  mechanism,  not  only  of  the  various 
forms  of  dislocation  of  the  hip,  but  also  of  the  proper  methods  to  be  adopted 
for  the  reduction.  Bigelow,  to  whom  we  are  especially  indebted  for  a  most 
lucid  exposition  of  the  subject,  has  shown  that  the  four  commonly  described  dis- 
locations of  the  hip  could  be  demonstrated  in  the  dead  body  after  the  whole 
of  the  muscular  and  ligamentous  structures  round  the  joint  had  been  divided 
except  the  ilio-femoral  ligament  and  the  obturator  internus  muscle,  which 
suffice  to  direct  the  limb  to  its  appropriate  position  and  to  fix  it  there,  the 
muscle  being  concerned  only  in  the  production  of  the  dislocation  described  by 
Sir  A.  Cooper  as  "  into  the  sciatic  notch."  The  ilio-femoral  ligament  is  of 
great  strength.  Bigelow  has  found  its  breaking  strain  in  the  dead  body  to  range 
from  250  to  750  pounds.  It  is  single  above  where  it  is  attached  to  the 
anterior  inferior  spine  of  the  ilium  and  divides  below  into  two  strong  bands,  one 
inserted  into  the  upper  and  the  other  into  the  lower  end  of  the  anterior  inter- 
trochanteric line,  from  which  flict  Bigelow  gives  it  the  name  of  the  Y-liga- 
ment.  The  obturator  internus  muscle  is  also,  as  pointed  out  by  Bigelow, 
a  structure  of  great  strength,  owing  to  the  intermixture  of  tendinous  fibres 
with  its  muscular  substance.  In  consequence  of  this  an'angement  it  becomes 
practically  an  accessory  ligament  to  the  joint. 

The  observations  of  Bigelow  have  shown  that  wherever  one  or  both  of  the 
branches  of  the  ilio-femoral  ligament  remain  untorn  the  head  of  the  bone  falls 
into  certain  definite  positions  gixmg  rise  to  characteristic  signs  ;  when  the 
ligament  is  completely  ruptured  the  position  assumed  by  the  bone  is  uncertain, 
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beiiio'  due  chiefly  to  accidental  circumstances.  He,  therefore,  divides  disloca- 
tion into  Regular,  in  wliieh  one  or  botli  branches  of  the  ilio-fenioral  li,o-ament 
remain  untorn,  and  Irregfular,  in  which  the  whole  ligament  is  ruptured. 

For  convenience  of  description,  and  with  a  view  to  practical  utility,  the 
regular  dislocations  may  be  divided  into  three  chief  groups,  to  which  must  be 
added  certain  exceptional  forms  which  are  so  rare  as  to  require  only  mention. 

1.  Dorsal  Dislocations,  or  Dislocations  Backwards  and  Upwards. — 
Of  these  there  are  two  varieties :  a,  when  the  head  of  the  bone  passes  above 
the  obturator  internus  (dislocation  on  to  the  dorsum  ilii) ;  h,  when  the  head 
passes  below  that  muscle  (dislocation  into  the  sciatic  notch  of  Sir  Astley 
Cooper)  (Figs.  2S7,  288). 

•1.  Thyroid  Dislocations,  or  Dislocations  Downwards. — These  disloca- 
tions present  four  varieties,  of  which  one  only  is  common — obliquely  inwards 
and  downwards  on  the  thyroid  foramen  (Fig.  289).  In  addition  to  this,  there 
are  three  exceptional  forms  :  a,  inwards  and  downwards  as  far  as  the  perinfeum  ; 
h,  vertically  doM'nwards  below  the  acetabulimi ;  c,  outwards  and  downwards  as 
far  as  the  tuberosity  of  the  ischium. 

o.  Dislocations  Upwards,  or  Fubic  Dislocations. — Of  this  form  there 
ai"e  two  varieties :  a,  when  the  head  of  the  femur  is  displaced  on  to  the  pubic 
bone  (Fig.  290) ;  h,  when  it  lies  beneath  the  anterior  inferior  spine  of  the 
pul)es,  or  the  subspinous  dislocation. 

The  exceptional  forms  of  dislocation  are  the  following : — 

4.  The  Anterior  Oblique,  in  which  the  head  of  the  bone  lies  behind  the 
anterior  inferior  iliac  spine. 

5.  The  Supra-spinous,  in  which  the  head  of  the  bone  lies  above  the  anterior 
inferior  iliac  spine,  between  it  and  the  superior  spine. 

G.  The  Everted  Dorsal  Dislocation,  in  which  the  head  of  the  bone  lies 
on  the  anterior  part  of  the  dorsum,  behind  the  anterior  inferior  iliac  sjDine.  In 
the  two  last  forms  the  outer  branch  of  the  ilio-femoral  ligament  is  ru])tured. 

With  regard  to  the  Relative  Frequency  of  the  various  forms  of  disloca- 
tion. Sir  Astley  Cooper  says,  that  of  20  cases  of  dislocation  of  the  hip,  12  will, 
on  the  average,  be  on  the  dorsum  ilii  (above  the  tendon  of  the  obturator 
internus  of  Bigelow),  5  on  the  sciatic  notch  (below  the  tendon  of  the  ol)turator 
internus),  2  on  the  thyi'oid  foramen,  and  1  on  the  pubic  bone,  Hamilton 
states  that,  excluding  anomalous  cases,  of  104  dislocations  which  he  has  col- 
lected, 55  were  on  the  dorsum  ihi,  28  into  the  sciatic  notch  (below  the  tendon 
of  the  obturator  internus),  13  into  the  thyroid  foramen,  and  8  upon  the  pubic 
bone. 

In  the  Reduction  of  dislocations  of  the  hip-joint,  two  methods  may  be 
employed,  extension  or  manipulation.  In  extension,  forcible  traction  is  made 
by  pulleys  or  otherwise  in  the  direction  of  the  axis  of  the  limb,  overcoming  by 
main  force  any  obstacle  arising  from  muscular  contraction  or  the  mechanical 
resistance  of  ligaments.  In  manipulation  force  is  avoided,  the  Surgeon's  object 
being  to  relax  the  ligaments  which  offer  a  mechanical  ol)struction  to  reduction, 
and  to  disentangle  the  head  of  the  bone  from  its  abnormal  position,  and  by 
impressing  on  it  various  rotatory  movements,  each  adapted  to  the  particular 
case,  to  bring  it  back  into  the  acetabulum.  Manipulation  is  mentioned  by 
Hippocrates.  The  earliest  modem  description  is  by  Thomas  Anderson,  Sur- 
geon, of  Leith,  in  the  third  volume  of  "  The  IMedical  and  Philosophical  Com- 
mentaries "  for  1775.  He  describes  two  cases,  one  of  dislocation  on  the  foramen 
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ovale  in  a  man — the  otlicr  a  dislocation  on  the  doi-snm  ilii  in  a  boy.  In  the 
first  case  the  pulleys  had  been  used  ineflFectuany  sereral  times,  when  the 
"  lacque  "  slipping,  their  use  was  discontinued.  Mr.  Anderson  says  :  "  I  Avas 
convinced  that  attempting  the  reduction  in  the  common  method,  with  the 
thigh  extended,  was  improper,  as  the  muscles  were  put  upon  the  stretch,  the 
action  of  which  is  perhaps  sufficient  to  overcome  any  extension  we  can  employ. 
But  by  bringing  the  thigli  to  near  a  right  angle  with  the  trunk,  by  which  the 
muscles  would  be  greatly  relaxed,  I  imagined  the  reduction  might  more  readily 
take  place,  and  with  much  less  extension.  /  raised  the  thigh  to  alovt  a  right 
angle  vntli  the  trunlr,  and,  with  my  right  hand  at  the  ham,  laid  hold  of  the 
thigh,  and  made  what  extension  I  could.  At  the  same  time  that  I  did  this, 
with  my  left  hand  at  the  head  and  inside  of  the  thigh,  I  pressed  it  towards  the 
acetabulum,  while  my  right  gave  the  femur  a  little  cirmlar  turn,  so  as  to  bring 
the  rotula  inwards  to  its  natural  situation,  and  at  the  second  attempt  it  went 
in  with  a  snap." 

In  the  second  case,  the  reduction  was  not  attempted  till  the  eighteenth  day 
after  the  accident.  The  patient  was  laid  across  the  bed,  and  the  thigh  raised 
so  as  to  form  an  acide  angle  Avith  the  trunk.  In  this  situation,  the  knee  of  the 
dislocated  limb  lay  considerably  over  the  sound  thigh.  Considerable  exten- 
sion Avas  then  made  ;  with  my  left  hand  I  laid  hold  of  the  middle  of  the  leg 
which  I  brought  inwards.  By  this  tlis  femur  made  a  circular  turn,  which 
directed  its  head  towards  the  acetabulum,  into  which  it  went  with  a  sensible 
noise  "  (pp.  420—428). 

The  method  Avas,  hoAvever,  first  distinctly  advocated  by  Nathan  Smith,  in 
1831,  and  extended  by  Beid,  of  Rochester  (U.S.A.),  in  1851  ;  but  it  AA-as  not 
until  the  publication  of  Bigelow's  work  that  the  scientific  principles  of 
manipulation  were  fully  laid  down.  At  the  present  time  no  Surgeon  would 
resort  to  extension  by  means  of  pulleys  in  a  recent  dislocation  of  the  hip  with- 
out having  first  attempted  reduction  by  manipulation.  In  those  of  old  stand- 
ing, extension  by  means  of  the  pulley  is  still  required,  as  by  manipulation 
sufficient  force  cannot  be  exerted  to  overcome  those  secondary  causes  of  resist- 
ance that  become  developed  in  such  cases. 

After  Treatment. — The  fact  of  the  reduction  being  accomplished  is  ascer- 
tained by  comparing  the  bony  points  of  the  limb  with  those  of  the  opposite 
side,  and  seeing  if  they  correspond.  A  long  splint  and  spica  liandage  should 
now  be  applied  to  fix  the  thigh,  and  the  patient  be  kept  in  bed  for  a  fortnight, 
so  that  reunion  of  the  ruptured  tissues  may  take  place. 

I  shall  describe  both  methods  of  reduction  in  connection  with  each  of  the 
principal  forms  of  dislocation  of  the  hip. 

1.  Dorsal  Dislocations,  or  Dislocation  Upwards  and  Backwards.  

Causes. — The  dislocations  upwards  and  backwards  which  are  most  commonly 
met  with  in  the  hip,  are  occasioned  by  violence  acting  upon  the  limb  Avhile 
flexed  and  sliglitly  adducted  :  as  Avhen  a  person  is  struck  on  the  back  Avith  a 
heaA-y  Aveight  Avhilst  kneeling,  or  is  thrown  forwards,  or  falls  Avhilst  carrving 
a  heavy  load  upon  his  shoulders,  when  the  upper  and  posterior  part  of  the 
joint  receives  the  whole  strain.  Thus,  in  a  case  under  my  care  in  Um\^ersitv 
Collcge  Hospital,  it  was  caused  by  a  heaA'y  Aveight  falling  fi-om  a  crane  upon  a 
man's  back  as  he  was  kneeling  on  one  knee  and  reaching  doAvn  to  put  a  ticket 
on  the  side  of  a  railway-truck.  In  another  case  it  was  caused  by  the  patient's 
falling  between  the  carriage  and  platform  in  a  railway-station 'in  such  a  Avay 
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that  he  lay  on  his  side  on  the  footboard  with  his  knee  against  the  platform 
and  his  back  against  the  carriage.  As  the  carriage  slowly  moved,  his  leg 
became  flexed,  and  the  space  being  insufficient,  the  head  of  the  bone  was 
pnshed  out  of  the  socket.  Bigelow  states  that  if  the  femur  is  flexed  at  right 
angles,  and  thrust  directly  backwards  with  sufficient  force  to  dislocate  it,  the 
head  will  tend  to  pass  between  the  obturator  internus  and  the  pyriformis.  At 
an  angle  of  forty-five  degrees,  it  may  be  thrust  upwards  and  backwards  above 
the  pyriformis.  Both  these  displacements  would  give  rise  to  the  sym])toms  of 
dislocation  upon  the  dorsum  ilii.  In  extreme  flexion,  or  in  cases  complicated 
by  forcible  inward  rotation,  the  head  tends  to  pass  out  beneath  the  tendon 
of  the  obturator  internus,  and  we  then  have  the  form  of  dorsal  dislocation 
formerly  described  as  dislocation  into  the  sciatic  notch. 

Paihological  Amtoni!/. — The  capsule  is  ruptured  behind,  but  the  ilio-femoral 
ligament  is  intact  in  all  dorsal  dislocations.    The  ligamentnm  teres  is  mostly 
torn,  but  not  necessarily  in  all.    Dupuytren  and  Sedillot  both  mention  cases 
of  dislocation  on  the  dorsum  ilii  in  which  this  ligament  escaped  without 
ru]3ture.    In  dislocation  on  the  dorsum  ilii,  the  head  will  be  found  lying  in 
a  variable  position  on  the  ilium,  above  and  behind  the  acetabulum.  The 
trochanter  is  directed  forwards,  being  held  in  that  position  chiefly  by  the 
nnruptured  external  band  of  the  ilio-femoral  ligament,  which  is  very  tense. 
The  muscles  are  torn  to  a  varying  degi'ee  in  diff'ereut  cases.   Sir  Astley  Cooper 
found  the  gemelli,  obturators,  and  quadratus,  completely  torn,  and  the  pecti- 
nens  slightly  torn  in  one  case.    S}Tne  found  the  gluteus  maximus  extensively 
torn,  with  the  head  of  the  bone  imbedded  in  it ;  the  gluteus  minimus,  the 
pyriformis,  and  the  gemellus  superior  lacerated ;  and  the  head  of  the  femur 
lying  upon  the  gemelli  and  the  great  sciatic  nerve.    MacCarthy  has  described 
the  appearances  in  another  case.    He  found  the  deeper  fibres  of  the  gluteus 
maximus  had  been  torn  by  the  head  of  the  bone,  which  was  lyiug  with 
its  anterior  part  on  the  In'im  of  the  acetabulum,  with  the  lowermost  fibres 
of  the  gluteus  minimus  interposed,  and  the  dimple  for  the  ligamentnm  teres 
directed  backwards  and  inwards.    The  posterior  fibres  of  the  gluteus  medius 
were  also  torn,  and  the  pyriformis,  obturator  internus,  and  gemelli  muscles  had 
been  completely  torn  fi'om  their  pelvic  attachments.    Tiie  quadratus  femoris 
was  uninjured.    The  capsule  had  given  way  posteriorly  ;  in  frout  and  above 
it  was  intact.    Although  some  fibres  of  the  ligamentum  teres  had  been  rup- 
tured, the  ligament  still  resisted  all  attempts  to  break  it.  The  ilio-femoral  and 
pubo-femoral  bands  were  uninjured,  notwithstanding  that  the  acetabulum  had 
separated  into  its  three  comjionent  parts,  the  fracture  traversing  also  the 
ilio-pectiueal  eminence.    The  lowermost  fibres  of  the  external  oblique  muscle 
of  the  abdomen,  and  some  fibres  of  the  sartorius,  psoas  magnus,  and  iliacus 
internus  muscles  were  also  ruptured.    In  all  these  cases  it  is  evident  that  the 
"bone  had  passed  out  above  the  obturator ;  in  the  last  this  muscle  was  torn. 

In  dislocations  below  the  tendon  of  the  obturator  intei-nus  the  position 
assumed  by  the  l)one  is  best  explained  by  the  accompanying  figures  taken 
from  Bigelow's  work  on  the  Hip.  Fig.  291  shows  the  normal  position  of  the 
muscle  behind  the  head  and  neck  of  the  bone.  It  is  e\ndent  that  in  a  state 
of  extreme  flexion,  or  of  moderate  flexion  with  forcible  internal  rotation,  the 
head  might  be  made  to  pass  out  beneath  the  muscle.  Immediately  after  the 
accident  the  limb  is  almost  invariably  extended  either  in  lifting  the  patient 
or  in  placing  him  on  his  back.    The  ilio-femoral  ligament  being  untorn,  and 
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consequently  the  neck  of  the  femur  Lein.o-  more  or  less  firmly  fixed,  the  head 
moN-es  upwards  as  the  limb  is  extended  till  it  comes  to  lie  above  the  muscle  m 
the  position  shown  in  Fig.  292,  the  obturator  internus  now  lying  m  front.ot 
the  neck  of  the  bone  and  passing  over  it,  thus  limiting  the  displacement 
upwards.  The  injury  to  surrounding  muscles  is  very  various.  Billard 
d'Angers  found  the  gluteus  maximus  and  medius  lacerated  and  the  gemelli 
torii,\jrobably  from  the  strain  they  had  been  subjected  to  from  the  position 
of  the  obturator.  MacCarthy  found  the  gluteus  maximus  not  torn,  but  the 
bursa  between  it  and  the  vastus  cxternus  was  ru])tured  and  filled  with  blood. 
The  sheath  of  the  great  sciatic  nerve  was  also  distended  with  blood,  and  the 


Fig.  201. — Pelvis  and  Head  of  the  Femur 
with  obturator  internus  in  natiiral  po- 
sition. (Bigelow.) 


Fig.  202. — Pelvis  and  Head  of  Fenuu- 
showing  dislocation  below  the  tendon 
of  the  obturator,  with  secondary  dis- 
placement of  the  head  upwards,  and 
alniornial  jiosition  of  the  obturator 
internus. 


nerve-fibres  separated  from  one  another.  The  posterior  filires  of  the  gluteus 
minimus  Avere  torn  and  the  areolar  tissue  beneath  the  muscle  filled  with 
blood.  The  quadratus  femoris  muscle  was  torn  completely  in  two,  and  the 
uppermost  fibres  of  the  adductor  magnus,  and  some  filjres  of  the  gemelli  and 
obturator  internus  muscles,  were  lacerated.  The  capsule  was  perfect  in  front 
and  above,  but  torn  at  the  most  posterior  part.  The  ligamentum  tores  had 
been  torn  off  close  to  the  femoral  attachment. 

The  accompanying  drawing  (Fig.  203)  is  from  a  case  which  was  admitted  into 
University  College  Hospital.  The  patient  died  from  other  injuries  a  few  hours 
after  admission.  The  dislocation  was  reduced  without  the  slightest  difficulty 
by  manipulation  and  showed  no  tendency  to  slip  out  again,  though  the  man 
was  very  restless  before  death.  The  dislocation  was  easily  reproduced  after 
the  limb  had  been  dissected  and  rigor  mortis  had  passed  off.  A  considerable 
extraA'asation  of  blood  was  found  beneath  the  gluteus  maximus.  The  only 
muscle  torn  was  the  gemellus  inferior,  the  upper  border  of  the  quadratus  was 
slightly  bruised,  and  the  lower  border  of  the  gluteus  minimus  was  also  marked 
by  a  little  extra vasated  blood,  apparently  fi'om  the  pressure  of  the  head  of  the 
bone  in  its  abnormal  position,  and  there  was  extravasated  blood  in  the  sheath 
of  the  great  sciatic  A  small  fragment  had  been  chipped  from  the 

margin  of  the  acetabulum,  but  w'as  firmly  fixed  by  the  capsule. 

Symptoms.— li  the  head  of  the  bone  have  been  displaced  aUvo  ihc 
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oMurafor  and  upon  tJie  dorsum  of  ihp  ilii/m,  the  hip  will  bo  found  to  be 
a  jTood  deal  distorted,  the  g-lnteal  region  being  somewhat  prominent,  and 
the  upper  part  of  the  thigh  enlarged,  in  consequence  of  tlie  approximation  of 
the  muscular  attachments,  so  as  to  give  an  appearance  of  widening  to  the  hip. 
The  head  of  the  bone  can  be  felt  in  its  new  situation,  more  especially  on 
rotating  the  limb  ;  the  trochanter  is  less  prominent  than  natural,  usually 
lying  close  against  the  brim  of  the  acetabulum,  and  being  turned  forwards  ; 
there  is  marked  shortening,  varying  from  one  to  two  inches  in  some  cases, 
perhaps  e\-en  as  much  as  three  inches.  The  amount  of  shortening  will  neces- 
sarily depend  upon  the  distance  to  which  the  head  of  the  bone  is  thrown 
upwards  on  the  dorsum.    The  position  of  the  limb  is  remarkable,  being  dis- 


Fi;;.  2!):!.— Dorsnl  dislncatiou  lielow  tlie  tfiulon.  q,  g',  g",  Gluteus  max.,  niediuH,  an. I  minimus;  j),  pyri- 
foniiis;  (/,  attachment  of  ca|i.sule  ;  t,  trucliantor ;  r/ei,  si^nu'llus  inferior;  g,  quadratus  ;  ii,  great  sciatic 
iiurve  ;  ml,  adductor  magnus  ;  b,  biceps ;  ob,  obturator  internus  ;  ges,  gemellus  sui>erii>r. 

tiuctly  rotated  inwards,  with  the  thigh  sliglitly  bent  upon  the  abdomen,  and 
the  leg  upon  the  thigh,  so  that  the  knee  is  semi-flexed,  and  raised  from  the 
surface  on  which  the  patient  is  lying.  The  foot  is  inverted,  so  that  the  ball 
of  the  great  toe  rests  on  the  instc])  or  against  the  ankle  of  the  sound  limb ; 
and  the  heel  is  somewhat  raised.  The  axis  of  the  dislocated  thigh  is  directed 
across  the  lower  third  of  the  sound  thigh.  The  movements  of  the  joint  are 
greatly  impaired  :  abduction  and  eversion  are  not  practicable  ;  but  inversion, 
adduction,  and  some  flexion  upon  the  abdomen,  can  be  practised.  When  the 
patient  is  lying  flat,  with  the  knee  slightly  raised  and  advanced,  the  lumbar 
spine  is  on  its  proper  level ;  but  if  an  attempt  be  made  to  straighten  the  knee, 
so  that  the  limb  lies  flat,  the  lumbar  spine  will  arch  forwards. 

X  X  2 
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The  slight  flexion,  the  rotation  inwards,  and  the  adduction  are  all  due  to 
the  [)Ositiou  in  wliich  the  neck  of  the  Lone  is  held  by  the  unyielding  ilio- 
femoral ligament  ;  flexion  and  adduction  are  easy  because  by  approximating 
the  intertrochanteric  line  to  the  anterio-inferior  pubic  spine  they  relax  the 
ligament. 

AVhen  the  head  of  the  bone  has  escaped  Idoiv  the  tendon  of  the  obturator  we 
have  the  dislocation  formerly  described  as  into  the  sciatic  notch,  and  to 
wliich  the  name  of  "  sciatic "  is  still  usually  applied.  If  seen  immediately 
after  the  accident  there  may  be  extreme  flexion  and  adduction,  the  dislocated 
limb  crossing  the  sound  thigh  near  the  groin,  but  usually  before  the  Surgeon 
sees  the  case  the  limb  has  been  bronght  down  so  that  the  head  has  gone  up 
behind  the  obtm-ator.  The  symptoms  then  resemble  those  of  the  dislocation 
on  to  the  dorsum  ilii,  differing  chiefly  in  degree.  The  inversion  of  the  knee 
and  foot  is  more  marked,  and  consequently  the  trochanter  is  less  prominent 
than  in  the  dislocation  on  the  ilium. ;  the  shortening  is  very  much  less,  as  it 
is  limited  by  the  obturator  internus  in  its  abnormal  position  : 
it  seldom  exceeds  an  inch  and  is  usually  not  so  much.  The 
position  of  the  limb  will  depend  upon  the  degree  to  which 
the  thigh  has  been  extended  since  the  accident.  In  the 
erect  position  the  weight  of  the  limb  brings  it  down  so  that 
the  axis  of  the  thigh  may  be  directed  across  the  sound  knee, 
and  the  toes  of  the  injured  side  may  rest  on  those  of  the 
opposite  foot.  Thus  it  may  closely  resemble  a  dislocation 
on  the  dorsum  ilii,  the  most  important  difference  being  the 
small  amount  of  shortening  when  the  head  has  escaped  below 
the  tendon.  By  violent  manipulation  or  extension  the  ob- 
turator internus  may  be  torn,  and  the  lower  dislocation  may 
thus  be  converted  into  one  on  the  dorsum  ilii. 

The  Diagnosis  of  this  form  of  dislocation  is  easy  in  pro- 
portion as  the  head  of  the  bone  lies  high  on  the  dorsum 
ilii.  The  lower  it  is  placed  the  more  difficult  does  the 
detection  of  the  displacement  become,  and  the  greater  the 
risk  of  its  being  overlooked  altogether,  or  mistaken  for  a 
sprain.  In  ordinary  cases  of  fracture  of  the  neck  of  the 
thigh-bone,  the  eversion  of  the  limb  at  once  points  out 
that  the  head  of  the  bone  is  not  dislocated  on  the  ilium.  The  only  severe 
injury  of  the  hip  with  which  the  dislocation  upwards  and  backwards  can 
be  confounded,  is  the  rare  case  of  fracture  of  the  neck  of  the  thigh-ljonc, 
with  inversion  of  the  liml).  In  this  accident,  the  increased  mobility,  and 
the  existence  of  crepitus,  will  enable  the  Surgeon  to  effect  the  diao-nosis. 
Should,  however,  the  case  be  one  of  impacted  extracctpsular  fracture,  ivith  inver- 
sion, then  the  difficulty  of  diagnosis  is  undoubtedly  great.  A  correct  conclusion 
may,  however,  be  arrived  at  by  observing  that  in  the  fracture  the  flattened  i 
trochanter  is  approximated  to,  and  is  in  nearly  a  perpendicular  line  with  the  • 
anterior  superior  spine  of  the  ilium  ;  whilst  in  the  dislocation  the  trochanter 
is  diagonally  behind  that  process  of  bone,  and  the  head  of  the  thigh-bone  can  i 
be  felt  in  its  new  situation  by  deep  manipulation  of  the  gluteal  reAon. 

Reduction  of  Dorsal  Dislocations  by  Manipulation.— The  patient : 
must  be  laid  upon  his  back  on  a  mattress  on  the  floor  and  fully  antesthctized. ' 
the  Surgeon  standing  on  the  injiu-ed  side.    There  are  two  chief  ways  in' 


Fig.  204.  —  Dislocation 
below  tlie  Tendon. 
MupIi  uversion.  (Bi- 
gelow. 
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which  reduction  may  be  effected,  l)y  traction  and  by  rotation.  Traction  is  thus 
performed  : — 

Flex  the  thigh  upon  the  abdomen,  bending  the  limb  at  the  knee  to  a  right 


Fig.  295. — Reiluctiou  of  a  Dor.sal  Ui.slocatiuu  of  the  Hip  by  Traution. 


angle  (Fig.  295).  The  flexion  relaxes  the  ilio-femoral  ligament,  and  the  relaxation 
may  be  further  increased  by  slight  adduction ;  then  rotate  very  slightly  inwards ; 


Fig  296  — Reiliiction  of  a  Dislocation  by  Rotation.    The  Thigh  is  flexed,  slightly  adducted,  and 
rotated  inwards,  as  iu  the  lirst  stage  of  reduction  of  a  dorsal  dislocation. 

that  is  to  say,  move  the  foot  away  from  the  middle  line  while  the  knee  is  held 
steady.    This  disengages  the  head  from  behind  the  socket ;  slight  traction  in 
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tlie  line  of  the  femur  will  then  usually  bring  the  bone  into  position  ;  if  more 
force  is  required  the  Surgeon  may  place  his  foot,  covered  only  with  a 
stocking,  on  the  anterior  superior  spinous  process,  to  steady  the  pelvis  while 
he  raises  the  bent  knee.  In  the  great  majority  of  cases  reduction  will  l)e 
easily  effected  by  this  plan, 

Rotaiion  is  thus  performed.  The  Surgeon,  standing  on  the  injured  side,  grasps 
the  ankle  with  one  hand  and  the  knee  in  the  other  as  in  Fig.  296.  He  then 
steadily  flexes  the  thigh  upon  the  abdomen,  so  that  the  head  of  the  bone  is 
lifted  out  from  behind  the  acetabulum  and  the  ilio-femoral  ligament  relaxed. 
At  the  same  time  that  the  thigh  is  flexed  it  is  better  to  keep  it  slightly 
adducted.    The  limb  must  now  be  slowly  abducted,  and  finafly  rotated 

outwards  by  bringing  the  foot  of 
the  injured  side  over  the  sound  leg. 
By  this  manoeuvre  the  head  is  made 
to  revolve  around  the  great  troch- 
auter,  which  is  fixed  by  the  outer 
branch  of  the  Y-ligament,  and  to 
rise  into  its  articular  cavity  (Fig. 
297).  Finally  the  liml)  is  brought 
down  parallel  to  the  other.  Bigelow 
has  summarised  the  movements  ne- 
cessary to  eflect  reduction  this  way 
in  the  following  words,  Lift  up, 
Jjend  out,  roll  out.'''' 

neduction  by  Extension,  ac- 
cording to  Sir  Astley  Cooper's  me- 
thod, is  effected  in  the  following 
manner.   The  patient,  ha^•ing  been 
put  under  the  influence  of  chloroform,  is  laid  on  his  back  upon  a  strong  table. 
One  staple  should  then  be  fixed  in  the  floor  near  the  head  of  the  bed  at  the 
side  corresponding  to  that  of  the  dislocated  limb,  while  another  staple  is  placed 
in  the  wall  at  the  foot,  abo^'e  the  level  of  the  body,  in  a  direct  line  with  the 
axis  of  the  Ihnb,  and  about  twelve  feet  from  the  other.  The  counter-extending 
force  must  then  be  made  by  a  jack-towel  or  a  padded  leather-belt  passed 
between  the  injured  thigh  and  the  perinasum,  and  fixed  to  the  staple  in  the 
floor.    The  pulleys  must  now^  be  attached  to  proper  straps,  or  to  a  towel 
fixed  w^ith  a  clove-hitch  knot  immediately  above  the  knee,  at  one  end  ;  the 
other  extremity  being  attached  to  the  staple  in  the  wall,  which  should  be 
so  situated  as  to  be  continuous  with  the  axis  of  the  lower  part  of  the  limb. 
The  knee  being  then  slightly  bent  and  rotated  inwards,  traction  is  applied 
slowly  and  steadily  until  the  head  of  the  bone  has  approached  the  acetabulum, 
when  the  Surgeon  rotates  the  limb  outwards  so  that  the  head  may  slip  into  its 
socket  (Fig.  298). 

This  method  is  seldom,  if  ever,  required  in  recent  dislocations.  Should  it 
be  necessary,  as  in  an  old  dislocation,  it  would  be  better  to  flex  the  thigh  more 
than  is  shown  in  the  figure  after  the  bone  had  been  brought  down  as  far  as 
possible  by  extension  in  the  axis  of  the  limb. 

Reduction  of  the  Dislocation  below  the  Tendon  of  the  Obturator  is 
effected  by  the  same  processes  of  manipulation  as  in  the  other  form  of  the 
dorsal  dislocation.    The  first  method,  that  of  traction,  is  usually  at  once 


Fig.  297. — Udi'sal  Dislocation.  Reduction  liy  Rotation. 
The  limb  has  heeu  flexed  and  aliducted,  and  it  remains 
only  to  rotate  it  (Hitwai'ds,  and  so  to  render  tlie  outer 
Branch  of  the  Y-liganient  tense.  (Bigelow.) 
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snccessful.  Sir  A.  Cooper  fouucl  y-rcat  difficulty  in  the  reduction  of  this 
dislocauon,  and  he,  Lisfranc  and  other  Surgeons,  have  failed  to  reduce  it  hy 
extension.  They  believed  that  the  difficulty  arose  from  the  head  of  the  hone 
sinking  into  the  great  sciatic  notch.  The  fallacy  of  this  ^■ie^v  and  the  part 
played  by  the  obturator  internus  in  resisting  reduction  by  extension  in  the 


axis  of  the  limb  has  been  already  pointed  out.  Should  extension  be  necessary, 
it  must  1)0  made  with  the  thigh  flexed  at  a  right  angle  to  the  trunk. 

In  either  of  these  dislocations,  if  difficulty  arise  in  raisiug  the  bone  over  the 
edge  of  the  acetabulum,  recourse  may  be  had  to  the  plan  recommended  by  Sir 
Astley  Cooper,  of  lifting  the  head  of  the  bone  over  the  edge  of  the  acetabulum 
by  means  of  a  round  towel  placed  under  the  upper 
part  of  the  thigh  and  oxqx  the  shoulders  of  an  assistant, 
who,  first  stooping  and  at  the  same  time  resting  his 
foot  on  the  patient's  pelvis,  should  then  raise  his 
shoulders  and  draw  the  bone  towards  its  socket. 

Dislocation  downwards  and  outwards  towards 
the  tuberosity  of  the  ischium  is  described  by  Bige- 
low  as  closely  allied  to  the  dorsal  dislocation  below  the 
tendon.  It  arises  ft-om  cauf^es  similar  to  those  giviug 
rise  to  a  dorsal  dislocation,  applied  when  the  thigh  is 
fully  flexed  on  the  abdomen.  The  head  of  the  bone 
bursts  out  through  the  capsule  and  passes  below  the 
tendon  of  the  obturator  internus,  rupturing  the 
gemellus  inferior  and  quadratus,  and  comes  to  lie 
close  to  the  tuberosity  of  the  ischium.    It  can  be  felt 

in  this  situation  ;  there  is  extreme  flexion  and  adduction  and  rotation  inwards 
(Fig.  '2\Y^).  Or  extending  the  limb,  the  neck  of  the  bone  remaining  fixed 
by  the  ilio-femoral  ligament,  the  head  passes  upwards  Ijchind  the  tendon  of  the 
obturator  internus,  and  the  dislocation  is  thus  converted  into  an  ordinary 
"  dorsal  below  the  tendon." 

Dislocations  of  the  head  of  the  femur  directly  backwards  with 
fracture  of  the  brim  of  the  acetabulum  may  occur  when  a  heavy  weight  falls  on 
to  the  back  of  a  person  who  is  kneeling.  In  this  case  the  pelvis  is  driven  down 
violently  on  to  the  femur,  which  is  forced  against  the  ground  at  its  lower  cud. 
The  impact  of  the  blow  drives  the  posterior  part  of  the  brim  of  the  acetabulum 
against  the  head  of  the  femur,  and  this  is  thrust  through  the  capsule  at  its 


Fig.  DisldCiitiou  T)owii- 

wiirils  Outwards  to- 

war<l.s  the.  T uhi'i-dsity  lu'lciw 
Tendon.  (Bigolow.) 
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posterior  part.  It  is,  perhaps,  rather  the  pelvis  that  is  thrust  forwards  than 
the  femur  backwards— but  the  result  is  the  displacement  of  the  head  ot  tne 
bone,  and  its  being  lodged  directly  backwards  behind  the  cotyloid  cavity.  _ 

•>  Dislocation  Downwards,  or  Thyroid  Dislocations.— 6/«««'S.—  inife 
dislocation  a])pcars  to  be  occasioned  by  the  limb  being  suddenly  and  violently 
abducted,  as  Ijy  fulls  with  the  legs  widely  separated  ;  in  consequence  ot  wliicn 
the  head  of  the  bone  is  tilted  against  the  inner  side  of  the  capsule,  and,  ruptui- 
ing  this,  is  thrown  on  the  thyroid  foramen.  . 

Patlwlogical  Anatomy .—T\\q  head  of  the  bone  escapes  l^y  a  laceration  ol 
the  inner  side  of  the  capsule  where  it  is  thin  and  membranous.    The  ilio- 


Fig.  300.— TlijT'U'l  Dislocation, 
(iiigelow.) 


Fig.  301. — Reduption  l)y  Manipnliition  in  Tli>TnifI 
i)isloeation.  notation  ami  Cirfuimluctioii  In- 
wards of  Head  ot  Fcmiu-.  (Bigelow.) 


femoral  ligament  is  untorn,  and  holds  the  root  of  the  neck  up  while  the  head 
descends,  and, passes  somewhat  hiwards  ;  consequently  the  femur  is  flexed  and 
abducted.  The  round  ligament  is  torn.  The  pectineus  and  adductor  brevis 
muscles  have  been  found  to  be  torn  in  this  injury. 

Symptoms. — The  hip  is  flattened,  and  the  prominence  of  the  trochanter 
completely  absent,  or  indeed  replaced  by  a  depression.  The  limb  is  lengthened 
by  about  two  inches,  advanced  before  the  other,  and  considerably  abducted 
(Fig.  300).  The  knee  is  bent  and  incapable  of  extension  ;  the  foot  usually 
points  forwards,  but  is  sometimes  slightly  everted  and  widely  separated  from 
its  fellow.  When  the  patient  stands,  the  body  is  bent  forwards,  partly  to 
accommodate  the  pelvis  to  the  flexed  position  of  the  limb  dependent  on  the 
ilio-femoral  ligament,  and  partly  on  account  of  the  tension  of  the  psoas  and 
iliacus  muscles  ;  and  in  a  thin  person  the  bone  may  be  felt  in  its  liew  situation. 
When  he  lies  on  his  back  the  knee  is  much  raised,  the  thigh  being  flexed, 
according  to  Bigelow,  to  an  angle  of  35°. 

Reduction  by  Manipulation  must  be  done  by  rotation  or  traction  as  follows. 
In  rotation  the  limb,  ha\'ing  been  flexed  on  the  abdomen  so  as  to  bring  it  into  a 
perpendicular  position,  must  be  slightly  abducted  so  as  to  disengage  the  head 
of  the  bone.  The  thigh  is  then  to  be  strongly  rotated  inwards,  and  adductcd, 
the  knee  being  carried  towards  the  floor  (Fig.  3ul). 
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Reduction  by  iractlon  may  be  done  thus  :  the  Surgeon  flexes  the  limb  and 
abducts  it,  and  then  placing-  his  foot  upon  the  side  of  the  pelvis,  pulls  or 
jerks  the  thigh  in  the  direction  in  which  the  head  is  required  to  go  to  reach 
the  socket.  If  more  force  is  required  a  towel  may  be  put  round  the  lower 
part  of  tlie  thigh. 

Reduction  by  Extension  is  to  be  done  in  the  following  manner.  The 
patient  is  laid  on  his  back  ;  the  counter-extending  girth,  or  towel,  is  then 


Fig.  302.— Reduction  by  Dislocation  into  Thyroid  Foramen  by  Extension. 


placed  round  the  pelvis  and  fixed  firmly  to  a  staple  next  to  the  sound  side  of 
the  patient.  A  padded  girth  is  then  to  be  placed  between  tlic  pcrina3um  and 
the  upper  part  of  the  dislocated  thigh.  From  this,  extension  is  made  by  means 
of  the  tourniquet  or  the  pulleys,  which  are  fixed  to  a  staple  at  a  little  distance 
from  the  injured  side  of  the  patient.  Extension  having  then  been  made  to 
such  a  degree  as  to  elevate  the  head  of  the  bone  from  the  depression  in  which 
it  lies,  the  Surgeon  passes  his  hand  behind  the  sound  log,  and,  seizing  the 
ankle  of  the  injured  limb,  presses  it  backwards  and  draws  it  towards  the  mesial 
line,  taking  care  to  keep  the  knee  straight,  and  thus  throwing  the  head  of  the 
bone  into  the  acetabulum  by  the  action  of  a  long  lever  (Fig.  302), 

The  following  are  more  rare  forms  of  dislocation  downwards. 

The  head  of  the  thigh-bone  may  be  thrown  directly  downwards,  so  as  to 
rest  on  t].>e  lower  margin  of  the  acetcibuhm,  between  the  sciatic  notch  and 
the  thyi'oid  foramen.    Two  cases  of  this  injury  have  been  recorded  by  Giu-ney 
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of  Cainliornc.  and  (me  hy  Ivuke.  In  it  there  is  less  eversion  of  the  limb  than 
in  the  thyroid  dislocation  (Fig.  3(18).  Bigelow  has  pointed  out  that  the  head 
of  the  bone,  when  thrown  below  the  lower  margin  of  the  acetabulum,  may  be 
further  displaced  ;  either  backwards  on  the  dorsum  ilii,  or  forwards  to  the 
thyroid  foramen.  In  extreme  flexion,  however,  the  head  may  ])ass  down  as 
far  as  the  tuhcrosif//  or  the  ascondhvj  ramus  of  the  ischium ;  in  the  former 
case  the  limb  is  everted,  and  in  the  latter  inverted,  and  in  all  cases  flexed. 
The  head  of  the  bone  may  pass  also  into  the  perinaeum,  so  as  to  be  felt 
in  its  abnormal  situation  behind  the  scrotum.  It  has  been  known  to  compress 
the  urethra,  and  thus  give  rise  to  retention  of  urine.  The  thigh  is  extremely 
abducted  and  stands  out  at  a  right  angle  witli  the  body  ;  and  the  toes  may  be 


Fig.  S03.— Dislocation  directly  Fig.  304.— Dislocation  (lownwanLs  and  iuwinls 

"down wards,    (liigelow.)  towards  PfriUceuiii. 


either  inverted  or  everted— which  is  ascribed  by  Bigelow  to  the  want  of  firm 
bearing  for  the  trochanter  in  the  periiiEeum  (Fig.  304). 

In  the  Reduction  by  Manipulation  of  these  two  rare  forms  of  dislocation 
dowuAvards,  the  thigh  is  to  be  bent  and  its  head  guided  towards  the  socket. 
During  this,  the  dislocation  is  sometimes  converted  into  one  of  the  thyroid  or 
dorsal  variety.  In  the  dislocations  downwards,  vertical  traction  and  slight 
inward  rotation  may  be  used  ;  in  the  dislocations  downwards  and  outwards, 
traction  upwards  and  inwards,  with  abduction  and  rotation  outwards  ;  in  the 
displacement  downwards  and  inwards,  traction  upwards  and  outwards. 

Probably  allied  to  these  forms  of  dislocation  is  that  in  which  the  head  of 
the  bone  has  been  found  thrown  downwards  and  backwards  towards  the 
lesser  sciatic  notch.  In  these  cases  there  is  considerable  shortenimg,  but 
the  position  of  the  hmb  appears  to  vary.  In  an  instance  that  occurred  to 
Kcate,  the  limb  was  abducted  and  the  toes  turned  outwards.  In  a  case 
reported  by  Wormald,  the  limb  was  turned  inwards.  Although  the  limb  is 
described  as  shortened  in  these  cases,  Warren  has  related  a  case  in  which  it 
was  elongated. 

Dislocation  Upwards,  or  Pubic  Dislocation. — The  Cause  of  this  dis- 
location is  either  direct  violence  applied  to  the  back  of  the  thigh  whilst  the 
limb  is  abducted;  or  it  arises  from  the  patient  making  a  false  step  in  walk- 
ing, and  suddenly  throwing  his  body  backwards  in  order  to  avoid  a  fall, 
twisting  and  displacing  the  limb. 

PathoJogkal  Amfom)/. — The  capsule  is  lacerated  at  its  inner  aspect,  the  iho- 
femoral  ligament  remaining  nntorn  and  causing  rotation  of  the  limb  outwards  ; 
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the  obturator  internns  is  tense  and  holds  tlic  hmb  backwards,  being  the  chief 
agent  in  preventing  flexion  ;  the  gemelli  are  stretclied  or  torn,  and  the  quad- 
ratus  femoris  has  also  been  fonud  to  be  ruptm-ed.  In  one  case  related  by  iSir 
A.  Cooper,  Poupart's  ligament  was  torn  up,  and  in  another  tlie  pectiueus  and 
adductors  were  torn  ;  but  whether  this  was  done  by  the  dislocation  or  by  the 
direct  injury  that  occasioned  it,  is  uncertain. 

Symptoms. — The  dislocation  upwards  on  the  Pubic  Bone  presents  very 
unequivocal  signs.  .  TJie  hip  is  flattened  ;  the  head  of  the  bone  can  be  dis- 
tinctly felt  lyiug  in  its  new  situation  above  Poupart's  ligament,  to  the  outer 
side  of  the  femoral  vessels,  where  it  may  be  made  to  roll  by  rotating  the  limb. 
The  thigh  and  knee  are  slightly  flexed,  rotated  outwards,  and  abducted  ;  the 
limb,  which  is  separated  from  its  fellow,  is  shortened  to  the  extent  of  an  inch 
(Figs.  Sdf),  p.oc). 

The  Reduction  by  Manipulation  can  be  effected  by  traction  and  rotation, 
or  by  rotation  alone.    The  former  is  effected  by  drawing  the  limb  downwards. 


and  at  the  same  time  raising  it  up  so  as  to  flex  it  gradually  on  the  abdomen 
as  the  head  of  the  femur  becomes  disentangled  from  its  position.  It  may 
then  be  rotated  inwards,  and  the  head  of  the  bone  thus  directed  towards  the 
acetabulum. 

By  rotafion. — Bigelow  recommends  it  to  be  thus  accomplished :  semi-flex 
the  thigh  so  as  to  relax  the  ilio-femoral  ligament,  and  to  bring  the  head  down 
from  the  puljes  ;  then  abduct  and  rotate  inwards  to  disengage  it  com]iletely  ; 
lastly,  while  rotating  inwards  and  drawing  on  tlie  thigh,  carry  the  knee 
inwards  and  downwards  to  its  jilace  by  the  side  of  its  fellow. 

With  regard  to  the  Reduction  by  Extension,  Sir  Astley  Cooper  ad\nse8 
that  the  patient  should  lie  upon  his  back  with  his  legs  widely  separated  ;  and 
that,  counter-extension  being  then  made  by  a  girth  carried  between  the 
perineeum  and  the  injured  thigh,  and  fixed  to  a  staple  in  front  of  and  above 
the  body,  the  pulleys*  should  be  fixed  upon  the  lower  part  of  the  thigh,  and  the 
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extension  made  downwards  and  backwards.  After  this  has  been  continued  for 
a  sufficient  time,  an  assistant  Hfts  the  head  of  the  bone  by  means  of  a  towel 
over  the  brim  of  the  acetabuhnn  (Fig.  307).  • 

The  head  of  the  thigh-bone  may  also  be  thrown  under  the  anterior 


Fig.       — Reduction  of  Pubic  Dislocation  liy  Extension. 


t)e 


inferior  spinous  process,  constituting  the  Subspinous  Dislocation  of 

Bigelow.  There  is  shortening  of  the  limb,  which  is  everted,  but  less  abducted 
or  advanced  than  in  the  dislocation  on  the  pubes.  The  head  of  the  bone  can 
felt  in  its  new  situation.    One  peculiarity  of  this  dislocation  is  that  in 

some  of  the  recorded  cases  the  patient  has  been 
able  to  walk  immediately  after  the  accident.  Bige- 
low explains  this  by  the  position  of  the  Y-ligament 
over  the  upper  part  of  the  neck  of  the  femur 
(Fig.  308).  Reduction  of  the  dislocation  is  ac- 
complished in  the  same  way  as  in  the  pubic  form. 

In  the  dislocations  above  described  the  Y-liga- 
ment remains  entire.    Bigelow  describes  also  Su- 
praspinous dislocation  with  or  without  rupture 
of  the  outer  branch  of  the  ligament.    In  this  dis- 
location the  head  of  the  bone  leaves  the  socket  on 
the  outer  side  of  the  ilio-femoral  ligament.  If 
this  be  not  ruptured,  the  dislocation  is  called  by 
him  anierior  oblique:  in  it,  the  thigh  lies  across • 
the  upper  part  of  the  corresponding  limb,  and  is  ■ 
firmly  locked  in  that  position,  with  much  shortening  i 
and  some  eversion.    Pteduction  may  be  effected  by  '< 
extension  of  the  limb  and  increased  circumduction  i 
across  the  symphysis,  with  a  little  eversion  if 
necessary  to  dislodge  the  head  of  the  bone.  By 
inward  rotation,  the  head  of  the  bone  is  throwii 
on  the  dorsum. 

In  the  true  suprasjmious  dislocation,  the  outer  branch  of  the  Y-ligamcnt  is 
ruptured  :  the  limb  is  shortened  and  everted.  In  a  case  related  by  Cummins, 
the  hmb  was  shortened  three  inches.    Reduction  may  be  effected  by  circum- 


Fig.  SOS. — Sulispinous  ■Dislocation. 
The  Y-ligainent  is  stretclied 
acro.ss  tlie  Neck  of  tlio  Bone, 
which  lies  beneath  it.  (Bigelow.) 
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ductioii  inwards  and  cversion,  by  which  the  dislocation  is  rendered  dorsal,  and 
may  1)0  tlioii  reduced  as  already  directed. 

Everted  Dorsal  Dislocation  may  occur  when,  in  dislocation  on  the 
dorsum,  the  outer  branch  of  the  Y-ligament  is  broken  :  the  integrity  of  this 
portion  being  necessary  for  the  inversion  of  the  limb. 

Irregular  Dislocations  of  the  head  of  the  thigh-bone  occur  Avhen  the 
Y-ligamcnt  is  wholly  ruptured.  The  displacement  may  take  place  in  any  of 
the  above-described  directions  :  l)ut  the  characters  are  inconstant. 

Reduction  of  old  Dislocations  of  the  Hip-joint  is  attended  not  only 
with  great  difficulty,  but  with  no  small  amount  of  danger.  The  probability  of 
effecting  reduction  rapidly  decreases  with  the  length  of  time  that  the  bone  has 
been  left  unreduced,  and  more  rapidly  in  some  dislocations  than  iu  others.  Thus 
it  is  easier  to  reduce  an  old  dislocation  on  the  dorsum  ilii  than  one  below  the 
tendon  of  the  obturator  internus.  Dislocation  of  the  head  of  the  thigh-bone 
on  the  dorsum  of  the  ilium  may  usually  be  reduced  without  any  great  difficulty, 
up  to  the  end  of  the  first  fortnight.  After  that  time  the  difficulty  increases 
considerably ;  and,  although  reduction  has  frequently  been  effected  in  these 
cases  up  to  the  sixth  or  eighth  week,  yet  it  has  also  not  unfrequently  failed, 
notwithstanding  persevering  and  repeated  attempts.  After  two  months  have 
elapsed,  the  reduction  is  not  only  a  work  of  great  uncertainty,  but  also  of  no 
slight  danger  fi'om  suppuration  in  the  soft  parts,  or  fracture  of  the  femur  ;  and 
it  is  then  seldom  practicable.  But  cases  have  been  reported,  and  are  referred 
to  at  p.  ()o3,  in  which  these  dislocations  have  been  reduced  at  a  much  later 
period,  even  as  late  as  six  or  nine  months. 

If  the  bone  be  left  permanently  unreduced,  it  will  in  time  acquire  consider- 
able mobility,  more  particularly  in  the  lower  dorsal  dislocation,  the  patient 
walking  readily  with  a  shortened  but  otherwise  useful  limb. 

The  attempt  to  reduce  old  dislocations  of  the  hip-joint  is  necessarily  attended 
with  more  or  less  danger.  In  some  cases  the  soft  parts  have  been  extensively 
lacerated  ;  in  others  fatal  inflammation  of  the  joint  has  ensued  :  and,  in  eleven 
cases  with  which  I  am  acquainted,  the  thigh-bone  was  fractured.  This  accident 
has  happened  to  Surgeons  of  such  eminence  as  Travers,  Vincent,  Malgaigne, 
Physick  of  Philadelphia,  to  Gwynne  of  Brighton,  to  Blackman  of  Cincinnati, 
to  Harris  and  Randolph  of  the  Pennsylvania  Hospital,  to  the  Surgeons  of  the 
Northern  Hospital  in  Liverpool,  and  to  a  practitioner  in  London  now  living. 
In  most  of  these  cases  the  bone  gave  way  at  its  neck  or  below  the  trochanters  ; 
the  dislocation  was  of  course  left  unreduced,  but  the  patients  recovered  without 
difficulty,  the  fracture  being  treated  in  the  usual  way.  The  cause  of  the 
fi-acture  appears  usually  to  have  been  the  employment  of  force  in  a  transverse 
or  rotatory  manner,  after  extension  had  been  kept  up  for  some  considerable 
time.  There  is  no  proof  that  undue  violence  was  used  in  any  of  these  cases. 
It  is  probable  that  in  some  the  femur  had  become  weakened  by  disuse  of  the 
limb. 

The  Complication  of  Fracture  of  the  Femur  with  Dislocation  of  the 
Hip-joint  occasions  a  very  serious  state  of  things,  that  may  baffle  the  most 
skilful  cffiDrts  on  the  part  of  the  Surgeon.  The  line  of  practice  to  be  adopted 
must  depend  in  a  great  measure  on  the  seat  of  fracture.  If  this  be  situated 
below  the  middle  of  the  thigh,  the  limb  should  be  put  up  tightly  in  temporary 
spHnts,  and  an  attempt  made  under  chloroform  to  reduce  the  dislocation  in 
the  ordinary  way,  by  manipulation  or  by  pulleys  applied  over  the  splints.  If 
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tlie  fracture  be  high  up,  near  or  at  tlic  neck,  the  patient  should  be  put  under 
cliloroform,  and  an  attempt  then  made  by  pressure  on  the  dislocated  head  and 
by  manipulation  to  replace  it.  It  is  possible  that  this  might  be  effected,  as  in 
similar  injuries  of  the  humerus,  with  comparatively  little  trouble.  Should 
reduction  in  this  way  not  be  practicable,  we  may  adopt  the  plan  successfully 
employed  by  Badley,  who,  in  a  lad  of  eighteen,  with  dislocation  on  the  dorsum 
ilii,  and  fracture  of  the  displaced  bone,  allowed  union  of  the  fracture  to  take 
place,  and  then,  at  the  end  of  five  weeks,  effected  reduction. 

Simultaneous  Dislocation  of  both  Hips,  perhaps  in  different  directions, 
or  of  one  hip  Avith  fracture  of  the  opposite  thigh-bone,  has  been  met  with  in 
some  rare  instances. 

Congenital  Dislocation  of  the  hip  is  l)y  no  means  rare  ;  it  occurs  most 
frequently  in  girls,  and  may  affect  either  one  hi])  or  both.  The  dislocation  is 
almost  invariably  on  the  dorsum  ilii,  though  other  varieties  have  been 
met  with.  When  it  is  double,  the  deformity  being  symmetrical,  is  seldom 
recognized  till  the  child  begins  to  walk.  The  signs  of  the  affection  are 
in  most  cases  clearly  marked.  The  situation  of  the  heads  of  the  bones 
behind  their  natural  position  causes  the  pehis  when  the  patient  is  erect  to  be 
tilted  forwards,  carrying  with  it  the  last  lumbar  vertebra  ;  to  compensate  for 
this  there  is  a  curve  backwards  in  the  upper  lumbar  and  lower  dorsal  vertebras. 
Thus  the  lumbar  spine  forms  a  very  extreme  curve,  with  its  convexity  for- 
wards (lordosis)  ;  the  trochanter  is  approached  to  the  anterior  superior  spine 
of  the  ilium,  and  the  head  of  the  bone  may  be  seen  on  the  dorsum  ilii  ;  the 
thigh  seems  shortened  and  is  moi-e  or  less  adducted,  and  the  toes  may  be 
straight  or  directed  inwards  ;  the  patient  walks  fairly  well,  but  with  a  peculiar 
rolling  motion.  Little  can  be  done  in  the  way  of  treatment,  though  much 
has  been  recommended.  If  the  patient  walks  well,  nothing  is  needed  ;  but 
in  some  cases  a  properly  constructed  support  gives  relief  and  increased 
steadiness.  The  best  apparatus  is  a  firm,  well-padded,  metal  belt,  to  encircle 
the  pelvis  between  the  trochanter  and  the  crest  of  the  spine.  On  each  side  of 
this  is  fixed  a  carefully  moulded  cap  of  thick  leather  to  fit  the  displaced  head 
and  trochanter  ;  from  the  belt  opposite  the  cap  a  steel  rod  may  reach  up  to 
the  arm-pit  on  each  side,  ending  in  a  crutch  to  take  a  part  of  the  weight  of 
the  body,  and  a  properly  fitted  pair  of  stays  attached  to  the  rod  will  also  tend 
to  support  the  trunk.  The  object  of  the  apparatus  is  to  throw  a  certain  part 
of  the  weight  of  the  upper  portion  of  the  body  directly  on  the  displaced  heads 
of  the  ])ones.  The  belt  should  be  fitted  to  the  child  while  it  is  lying  down  and 
some  forcible  extension  is  being  made  to  the  limbs  so  as  to  increase  the  space 
))etween  the  trochanter  and  the  crest  of  the  ilium  as  much  as  possible,  and  if 
accurately  made  will  tend  to  maintain  this  in  the  erect  position. 

Dislocation's  of  the  Patella  are  not  frequently  met  with.  They  may, 
however,  occur  in  four  directions,  viz.,  outwards,  mivards,  edgewise  or  vertimlhj, 
and  upwards. 

1.  The  dislocation  Outwards  is  the  most  common  variety  of  the  accident  • 
the  bone  being  thrown  upon  tlie  outer  side  of  the  external  condyle  of  the 
femur,  with  its  axis  directed  somewhat  backwards  and  downwards,  so  that  the 
iimer  margin  is  directed  forwards.  The  knee  is  flattened  in  fi-ont,  and  is 
broader  than  usual ;  the  patella  can  be  felt  in  its  new  situation,  and  the 
muscles  that  form  the  quadriceps  extensor  are  rendered  tense,  more  cs]iccially 
the  yastus  internus  ;  the  leg  is  sometimes  extended,  but  more  frequently  the 
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knee  is  slio-luly  flexed.  This  accident  nsually  happens  from  sudden  nuiscular 
contraction,  especially  in  persons  who  are  knock-kaeed.  In  some  cases  it  has 
been  occasioned  by  direct  violence,  driving  the  bone  out  of  its  position.  Most 
frequently,  the  patella  is  only  partially  displaced  outwards,  with  some  rotation 
of  the  bone  in  the  same  direction. 

Holthouse  (Lancet,  vol.  ii.,  1872)  has  recorded  a  case  of  congcniial  dis- 
location of  the  patella  outwards.  The  abnormality  was  met  with  in  a  boy 
aged  seven,  who  had  been  admitted  into  the  Westminster  Hospital  for  fracture 
of  the  left  femur.  AVhilst  putting  up  the  fracture,  it  was  obser-ved  that  the 
right  patella  was  so  displaced  that  its  inner  articular  facet  rested  on  the  outer 
condyle,  and  that  when  the  knee  "was  flexed  the  dislocation  became  comi^lete. 
There  was  no  inclination  inwards  of  either  knee.  The  mother  alleged  that  the 
condition  had  existed  from  birth,  and  that  at  first  both  knees  were  affected. 
The  boy  could  run  and  jump  as  well  as  other  chikben,  and  was  not  more  liable 
to  fall  than  they. 

2.  The  dislocation  Inwards  is  very  rare  ;  Malgaigne,  who  has  investigated 
this  subject,  is  of  opinion  that  there  is  only  one  case  of  the  kind  on  record. 

In  these  lateral  dislocations,  Bodudion  may  be  ett'ected  by  laying  the  patient 
on  his  back,  bending  the  thigh  on  the  abdomen,  and  raising  the  leg  so  as  to 
relax  the  extensor  muscles.  The  Surgeon  then,  by  pressing  down  that  edge  of 
the  patella  which  is  furthest  from  the  middle  of  the  joint,  raises  the  other  edge, 
which,  ))eing  tilted  over  the  condyles,  is  immediately  drawn  into  position  by 
the  action  of  the  extensors. 

3.  A  remarkable  form  of  dislocation  of  the  patella  is  that  in  which  this  bone 
becomes  twisted  upon  its  axis  in  such  a  way  that  it  is  placed  Vertically,  one 
of  its  edges  being  fixed  between  the  condyles,  and  the  other  projecting  under 
the  skin,  and  pushing  this  forwards  into  a  distinct  tumour.  According  to 
^lalgaigne,  the  outer  edge  is  most  commonly  fixed  in  the  intercondyloid 
notch  ;  Streubel,  however,  who  has  collected  120  cases  of  dislocation  of  the 
patella,  states  that  one-sixth  of  these  were  vertical  dislocations,  and  in  aljout 
two-thirds  of  these  the  outer  edge  was  forwards.  In  some  cases,  as  those  of 
Woolf  and  ilayo,  the  bone  has  been  turned  almost  completely  round,  the 
posterior  articular  surface  becoming  partly  anterior.  The  signs  of  this  dislo- 
cation are  evident,  manual  examination  indicating  the  vertical  displacement 
of  the  patella,  with  a  deep  depression  on  each  side.  The  limb  is  completely 
extended,  flexion  being  impossible. 

This  dislocation  has  most  generally  arisen  from  sharp  blows  or  severe  falls 
upon  one  edge  of  the  patella,  whilst  the  limb  has  been  semiflexed,  in  conse- 
quence of  which  the  bone  appeai-s  to  have  been  semi-rotated  and  fixed  in  its 
new  position.  Violent  muscular  contraction,  however,  conjoined  with  a  twist 
of  the  leg,  but  without  any  blow%  has  been  known  to  produce  it  in  some  cases. 

The  Reduction  of  this  displacement  has  sometimes  been  very  difficult ;  in 
other  cases  it  has  been  readily  effected  ;  whilst  in  two  or  three  instances  it  has 
been  found  to  be  quite  impracticable  ;  Surgeons  having  ineflfectually  attempted, 
by  means  of  elevators  and  the  section  of  the  tendons  or  of  the  ligamentum 
patellfe,  to  replace  the  bone,  and  the  patient  having  eventually  died  from 
septic  suppuration  of  the  joint,  with  the  displacement  unrelieved.  The  cause 
of  this  difficulty  of  reduction  is  not  very  distinctly  made  out ;  it  is  certainly 
much  greater  than  can  be  explained  by  simple  muscular  contraction,  anil 
may  not  improbably  be  owing  to  the  aponeurotic  structures  which  cover  the 
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bone  becoming  twisted  or  entangled  nndcr  it,  or,  as  Malgaigne  supposes,  to  the 
superior  angle  of  the  bone  being  wedged  in  the  siibcoiuhjloid  space.  If  relaxa- 
tion of  the  muscles  of  the  thigh,  and  the  employment  of  proper  pressure  ujion 
the  patella,  do  not  succeed,  reduction  may  perhaps  be  eflFected  by  the  jiatient 
making  a  sudden  and  violent  muscular  elfort  at  extension  of  the  limb,  or  by 
attempting  to  walk.  In  other  cases  the  bone  has  been  readily  replaced  by 
bending  the  leg,  and  rotating  it  on  the  axis  of  the  tibia,  at  the  same  time  that 
the  patella  is  pressed  into  position,  as  Vincent  recommends.  Ujuju  the  whole, 
forcible  flexion  of  the  knee  under  an  anaesthetic  followed  by  sudden  extension, 
while  the  projecting  edge  of  the  bone  is  forced  into  its  place,  appears  to  have 
answered  better  than  any  other  method,  and  will  probably  be  seldom  attended 
by  difficulty.  Should  these  plans  not  answer,  I  do  not  think  it  would  be 
advisable  to  have  recourse  to  subcutaneous  section  of  the  tendon  of  the  quadri- 
ceps extensor  and  of  the  ligamentum  patellfe.  In  one  case  in  which  both  these 
structures  were  divided,  the  patella  remained  as  firmly  fixed  as  ever,  and  the 
patient  eventually  died  of  suppurative  inflammation  of  the  knee-joint ;  and  in 
no  case  in  which  division  has  been  practised  does  it  appear  to  have  facilitated 
reduction. 

4,  Dislocation  of  the  patella  Upwards  can  occur  only  in  consequence  of 
the  rupture  of  its  ligament.  This  accident,  which  is  always  accompanied  by 
much  inflammation  of  the  joint,  requires  the  same  treatment  as  a  fractured 
patella. 

DiSLOCATioxs  OF  THE  Kneb.— This  joint,  owing  to  the  breadth  of  its 
articular  surfaces,  and  the  great  strength  of  its  ligaments,  is  seldom  dislocated. 
"When  such  an  accident  happens,  it  usually  arises  from  falls  from  a  great 
height,  or  by  the  patient  jumping  from  a  carriage  in  motion.  The  tibia  may  be 
displaced  in  four  directions  :  io  eiilier  side,  fonrards,  or  laclcwards.  Besides 
these  displacements,  the  joint  is  subject  to  a  partial  luxation,  dependent  upon 
displacement  of  one  or  both  semilunar  cartilages, 

1 .  The  Lateral  dislocations  of  the  tibia  are  the  most  common.  They  arc 
always  inmnpMo,  and  are  usually  accompanied  by  a  certain  degree  of  rotation  of 
the  limb  outward.  These  displacements  may  either  be  External  or  Internal. 
In  the  first,  the  outer  condyle  of  the  femur  rests  upon  the  inner  articular  sur- 
face of  the  tibia.  In  the  other,  the  inner  condyle  is  placed  upon  the  outer 
articular  surface  of  the  head  of  this  bone.  In  either  case,  the  knee  is  slightly 
flexed  ;  there  is  a  marked  sulcus  in  the  situation  of  the  ligamentum  patellae  • 
the  extensor  muscles  of  the  thigh  are  relaxed,  and  the  deformity  of  the  joint 
indicates  at  once  the  nature  of  the  displacement. 

In  these  cases  Bcdudion  is  always  easy  ;  indeed,  it  is  occasionally  effected 
by  the  unaided  efforts  of  the  patient  or  by  a  bystander.   It  may  be  accom- 
phshed  by  flexing  the  thigh  upon  the  abdomen,  then  extending  the  leg,  and 
at  the  same  time,  by  a  movement  of  rotation,  replacing  the  bones  in 'their 
proper  position. 

2.  The  dislocation  Backwards  may  be  complete  or  mcompJete.  AVhen  it  is 
complete,  the  posterior  ligament  of  the  joint  and  the  posterior  crucial  lio-amont 
are  torn,  the  muscles  of  the  ham  are  stretched,  the  limb  is  shortcned^to  the 
extent  of  an  inch  and  a  half  or  two  inches,  and  is  semiflexed  ;  the  head  of  the 
tibia  can  be  felt  in  the  ham,  and  there  is  a  deep  transverse  depression  in  front 
of  the  joint  immediately  below  the  patella. 

3.  The  dislocation  of  the  tibia  Forwards  is  of  more  frequent  occurrence 
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than  the  last  accident.  In  it,  the  lower  end  of  the  femur  is  felt  projecfcing  into 
the  ham,  occasionally  compressiug  the  vessels  to  such  an  extent  as  to  arrest 
the  circulation  through  the  lower  extremity,  lacerating  the  ligaments,  and 
stretching  the  muscles  in  this  situation.  The  tibia  projects  forwards,  its  head 
forming  a  considerable  prominence  on  the  anterior  part  of  the  knee,  with  a 
deep  depression  immediately  above  it  and  the  patella,  wiiich  is  rendered  more 
evident  by  the  relaxation  of  the  extensors  of  the  thigh  ;  the  leg  is  usually 
rotated  somewhat  inwards  or  outwards,  and  there  is  shortening  to  the  extent 
of  about  two  inches. 

These  autero-posterior  dislocations  are  very  commonly  incomplete.  When 
this  is  the  case,  they  present  the  same  symptoms,  but  in  a  less  marked  degree, 
as  those  which  characterize  the  complete  displacements. 

In  the  Treatment  of  these  dislocations,  extension  should  be  made  from  the 
ankle  whilst  the  thigh  is  fixed  in  a  semiflexed  position.  AVhen  the  leg  has 
been  drawn  down  sufficiently,  proper  manipulation  will  bring  the  bones  into 
accurate  position  ;  splints  must  then  be  applied,  means  taken  to  subdue  local 
inflammation,  and  the  joint  kept  perfectly  at  rest  for  two  or  three  weeks,  at 
the  end  of  which  time  passive  motion  may  be  commenced. 

Complications. — Dislocations  of  the  knee-joint  are  more  liable  to  serious 
complications  than  those  of  any  other  articulation.  Not  only  are  the  ligaments 
torn,  and  the  muscles  injured,  but  stretching,  and  perhaps  laceration,  of  the 
popliteal  vessels,  followed  by  gangrene  of  the  limb,  may  occur  ;  or  the  injury 
may  be  followed  by  destructive  inflammation  of  the  joint. 

Compound  Dislocation  of  the  Knee-joint  is  one  of  the  most  serious 
injuries  to  which  the  limbs  are  liable ;  the  external  wound  being  usually  large, 
ragged,  and  accompanied  by  the  protrusion  of  the  condyles  of  the  femur,  with 
much  laceration  of  the  soft  structures  in  the  vicinity  of  the  joint.  These  are 
cases  that  certainly,  as  a  general  rule,  call  imperatively  for  amputation.  Cases, 
however,  have  occurred  in  which  the  limb  has  been  saved.  Hence,  if  the 
patient  be  young,  if  the  vessels  of  the  ham  do  not  appear  to  have  been  seriously 
injured,  and  if  the  wound  in  the  soft  parts  at  the  same  time  be  not  very 
extensive,  nor  much  bruised,  an  attempt  may  with  propriety  be  made  to  save 
the  joint.  In  a  case  of  compound  dislocation  of  the  knee  forwards  in  a  boy, 
A.  White  sawed  off  the  projecting  end  of  the  femur  which  protruded  through 
the  ham,  and,  bringing  the  wound  together,  succeeded  in  saving  the  limb. 

Congenital  Dislocations  of  the  Knee  have  been  occasionally  met  with, 
with  displacement  of  the  tibia  forwards.  Cases  of  this  kind  have  been  recorded 
by  Hilton,  Guerin,  Barwell,  and  Godlee.  In  some  it  was  complicated  by 
absence  of  the  patella.  In  BarweU's  case  flexion  was  extremely  limited,  but 
by  pushing  the  tibia  backwards  it  could  be  carried  to  a  considerable  angle, 
and  by  fixing  it  in  this  position  with  a  plaster-of-Paris-bandage,  the  disloca- 
tion was  completely  cured  at  the  end  of  six  weeks'  treatment. 

Subluxation  of  the  Knee,  or  "  internal  derangement  of  the  knee-joint," 
is  a  more  frequent  accident  than  any  of  those  that  have  just  been  described. 
It  usually  occurs  from  the  patient,  whilst  walking,  striking  his  toe  against  or 
tripping  upon  a  stone,  when  he  is  suddenly  seized  with  acute  and  sickening 
pain  in  the  knee,  often  so  severe  as  to  cause  him  to  fall.  Before  doing  this, 
however,  he  is  conscious  of  having  strained  or  otherwise  injured  the  joint.  On 
examination  it  will  be  found  semiflexed,  the  patient  being  unable  to  extend  the 
limb  properly,  and  every  eflbrt  being  attended  by  severe  pain ;  and  the  edge  of 
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the  semilunar  cartilage  may  sometimes  be  felt  projecting  under  the  skiu.  In 
the  course  of  a  very  short  time  the  joint  becomes  swollen,  being  distended  by 
synovial  secretion  ;  and  symptoms  of  subacute  synovitis  speedily  appear.  This 
accident,  originally  descriljed  by  Hey,  and  since  investigated  l)y  Sir  A.  Cooper 
and  others,  occurs  usually  in  consequence  of  the  semilunar  fibro-cartilage  slip- 
ping away  from  under  the  internal  condyle,  eitlier  before  or  behind  it,  so  as  to 
bring  the  surface  of  the  condyle  and  that  of  the  tibia  into  direct  apposition, 
but  cases  have  also  been  recorded  in  which  the  displacement  affected  the  ex- 
ternal cartilage.  The  severe  pain  that  is  always  experienced  is  owing  in  all 
probability  to  the  nipping  of  the  loose  folds  of  syno^•ial  membrane  that  lie 
within  the  joint— the  so-called  mucous  and  alar  ligaments,  and  also  to  the 
great  stretching  of  the  ligaments  by  the  partial  displacement  of  the  bones. 

The  Reduction  may  be  effected  by  flexing  the  joint,  and  then,  when  the 
muscles  are  off"  their  guard,  the  patient's  attention  being  directed  elsewhere, 
rapidly  extending  it  at  the  same  time  that  a  movement  of  rotation  is  com- 
municated to  the  leg.  The  evidence  of  complete  reduction  consists  in  the 
restoration  of  the  power  of  extending  the  articulation.  The  synovitis  that 
usually  follows  this  injury  requires  to  be  treated  by  local  antiphlogistic 
remedies  and  rest.  No  means  are  known  by  which  the  cartilage  can  be  fixed 
again  as  firmly  as  it  was  before  the  accident,  and  in  the  great  majority  of  cases 
recurrence  of  the  displacement  takes  place  at  intervals.  The  best  means  of 
preventing  it  is  to  support  the  knee  either  with  a  laced  knee-cap,  having  a 
leather  stiflfener  behind,  or  a  flannel  bandage  firmly  applied.  Should  reduction 
prove  impossible,  or  should  the  displacement  return  immediately,  when  the 
patient  uses  his  limb  again,  it  is  useless  to  try  to  fix  the  cartilage  by  prolonged 
rest.  The  patient  should  begin  to  use  his  leg  freely  as  soon  as  the  synovitis 
has  subsided,  and  after  a  time  the  displaced  cartilage  seems  to  accommodate 
itself  to  its  new  position,  and  gives  no  further  trouble. 

Rupture  of  the  Posterior  Crucial  Ligament  is  an  accident  that  occa- 
sionally occurs  as  the  result  of  a  violent  blow  on  the  anterior  aspect  of  the 
head  of  the  tibia,  such  as  may  be  received  in  a  railway-accident  when  the 
patient  is  thrown  forwards  against  the  opposite  seat.  The  symptoms  are  at 
first  effusion  of  blood  and  synovia  into  the  injured  joint.  When  this  is 
absorbed,  it  will  be  found  that  the  kuee  is  weak,  giving  way  slightly  when 
flexed  in  walking.  When  the  patient  is  seated  with  the  knee  flexed  to  a  right 
angle,  and  the  foot  firmly  planted  on  the  ground,  if  the  tibia  be  grasped  at  its 
upper  end  and  moved  backwards  and  forwards,  it  will  be  found  to  be  capable 
of  a  slight  displacement  backwards  into  the  ham.  The  Treatment  consists  in 
supporting  the  knee  with  a  properly  fitted  apparatus. 

The  Head  of  the  Fibula  has  occasionally,  though  very  rarely,  been 
displaced  by  the  application  of  direct  violence.  Boyer  and  Sanson  have  each 
recorded  a  case  of  this  kind.  One  such  case  has  occurred  to  me  in  my  prac- 
tice. It  happened  in  a  gentleman  about  23  years  of  age,  who,  in  descending 
an  Alpine  slope  covered  with  snow,  fell  with  one  leg  bent  forcibly  under  him, 
so  that  he  came  down,  as  it  were,  in  a  sitting  posture.  The  head  of  the  fibula 
was  thrown  back  off'  the  articulating  surface,  and  remained  permanently  in  its 
new  situation.  The  limb  was  somewhat  weakened,  so  that  the  patient  could 
not  jump,  l:)ut  otherwise  he  suffered  no  inconvenience.  The  tendon  of  the 
biceps  was  very  tense  ;  and  when  I  saw  the  case,  some  time  after  the  accident, 
its  traction  effectually  prevented  all  attempts  at  reduction. 
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Dislocations  of  the  Ankle  occur  in  consequence  of  displacement  of  the 
astragalus  from  the  bones  of  the  leg,  whilst  it  continues  to  preserve  its  normal 
connection  with  the  rest  of  the  foot.  These  dislocations  are  almost  invariably 
connected  with  fracture  of  the  lower  end  of  the  fibula,  or  of  the  inner  mal- 
leolus. In  fact,  on  looking  at  the  arched  cavity  into  Avhich  the  astragalus  is 
received,  it  is  evident  that  this  bone  can  scarcely  be  displaced  laterally  without 
fracture  of  one  side  of  this  arch.  In  considering  these  dislocations  we  must, 
in  accordance  with  the  general  nomenclature  of  similar  accidents,  in  which  the 
distal  part  is  always  said  to  be  displaced  fit-om  the  proximal,  look  upon  the  foot 
as  l)eiug  dislocated  from  the  leg,  and  not  consider  the  tibia  as  being  displaced 
upon  the  foot.  The  direction  of  the  dislocation  nmst  consequently  be  deter- 
mined by  the  position  into  which  the  articular  surface  of  the  astragalus  hap- 
pens to  be  thrown.  It  is  necessary  to  explain  this,  inasmuch  as  a  good  deal  of 
ambiguity  occurs  in  surgical  writings  from  the  same  accident  being  described 
differently,  according  to  the  view  taken  of  the  part  displaced.  Thus,  8ir  A. 
Cooper  speaks  of  the  tibia  as  being  dislocated  at  the  ankle  ;  whilst  Boyer  and 
others,  regarding  the  foot  as  the  part  displaced,  have  described  the  same  injmy 
in  directly  opposite  terms. 

Dislocations  of  the  foot  from  the  bones  of  the  leg  may  take  place  in  four 
directions,  viz.,  io  either  side,  hackwards,  ov  forwards.  In  all  cases,  the  injury 
appears  to  be  occasioned  either  by  the  foot  being  twisted  under  the  patient  in 
jumping  or  running  ;  or  else  by  its  being  suddenly  arrested  by  coming  into 
contact  with  the  ground  Avhilst  the  body  is  carried  forwards.  But  these  twists 
or  sprains  do  not  necessarily  occasion  dislocation,  and  must  not  be  confounded 
with  that  accident. 

The  dislocation  Outwards  is  of  most  frequent  occurrence.  The  inner 
malleolus  projects  forcibly  against  the  skin.  The  deltoid  ligament  is  either 
ruptured,  or  the  lower  end  of  the  inner  malleolus  broken  off ;  there  is  a 
depression  above  the  outer  ankle  corresponding  to  a  fracture  of  the  fibula ; 
and  the  sole  of  the  foot  is  turned  upwards  and  outwards,  the  inner  side  touch- 
ing the  ground,  whilst  the  outer  edge  is  turned  up.  It  is,  in  fact,  merely  a 
severe  case  of  Potts'  fracture  (Fig.  ^oij). 

In  the  dislocation  Inwards,  which  is  a  rare  accident,  and,  according  to  Sir 
A.  Cooper,  much  more  dangerous  than  that  just  described,  the  fibula  is  not 
fractured,  but  the  lower  end  of  the  tibia  is  splintered  off,  in  an  oljlirpie  manner 
from  within  outwards.  The  outer  edge  of  the  sole  rests  against  the  ground, 
and  the  inner  side  is  turned  up. 

The  Reduction  of  these  lateral  displacements  is  readily  effected  by  simple 
traction  on  the  foot,  while  tlie  leg  is  flexed  at  the  knee  in  order  to  relax  the 
muscles  inserted  into  the  tendo  Achillis ;  leg-splints  with  lateral  foot-pieces 
must  then  be  put  on,  or  Dupuytrcn's  splint  may  be  applied  on  the  same  side 
as  the  dislocation,  opposite  to  that  on  which  the  eversion  of  the  foot  takes  place. 

In  the  dislocation  of  the  foot  Backwards,  the  deltoid  ligament  is  ruptured, 
the  fibula  probably  broken  in  the  usual  situation,  and  the  tibia  thrown  forwards 
on  the  scaphoid  and  cuneiform  bones  ;  the  foot  is  consequently  shortened,  the 
heel  rendered  more  projecting,  and  the  toes  pointing  downwards. 

The  dislocation  Forwards,  in  which  the  foot  is  lengthened,  and  the  tibia 
thrown  upon  the  upper  and  posterior  surface  of  the  os  calcis,  behind  the 
astragalus,  is  an  accident  so  rare  as  seldom  to  have  been  witnessed,  although 
described. 
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In  the  Treatment  of  these  antero-posterior  displacements  of  the  ankle,  trac- 
tion of  the  foot  in  a  proper  direction,  the  leg  being  fixed  and  flexed  upon  the 
thigh,  will  readily  be  attended  by  replacement ;  the  application  of  lateral 
s])lints  being  afterwards  sufficient  to  keep  the  parts  in  proper  position.  Some- 
times subcutaneous  division  of  the  tendo  Achillis  is  necessary. 

Compound  Dislocations  of  the  Ankle-joint  are  serious  and  by  no  means 
unfrequent  accidents,  the  displacement  occurring  in  the  same  direction  and 
from  the  same  causes  as  the  simple  forms  of  injury. 

The  Tmttment  of  compound  dislocations  of  the  ankle-joint  must  depend  to 
a  considerable  extent  upon  the  amount  of  laceration  of  the  soft  parts,  and  the 
condition  of  the  bones  forming  the  arch  of  the  joint.  If  the  wound  in  the  soft 
parts  be  moderate  in  extent,  clean  cut,  and  with  little  bruising  and  injury  to 
the  bones,  an  attempt  should  be  made  to  save  the  limb.  This  is  to  ))e  done  by 
the  assiduous  use  of  antiseptics.  There  is  no  class  of  joint-injuries  in  which  this 
method  has  been  attended  by  better  success  than  in  these.  The  details  should 
be  carefully  attended  to  as  given  at  page  492  et  scq.  Should  antiseptics  not 
be  at  hand,  the  case  must  be  treated  on  ordinary  principles,  viz.,  by  rest  on  a 
splint,  and  application  of  ice  or  cold  evaporating  lotions.  In  many  instances 
this  plan  will  suffice,  and  the  patient  will  recover  with  a  stiff  but  useful  limb, 
the  joint  being  only  partially  ankylosed. 

If,  however,  the  bones  be  projecting  and  comminuted,  and  the  soft  parts  ex- 
tensively lacerated,  the  question  of  amputation  will  necessarily  arise.    In  many 
cases,  the  operation  may  be  avoided  by  adopting  the  treatment  recommended 
by  Hey,  of  sawing  oflF  the  malleoli,  removing  splinters  of  bone,  and  supporting 
the  limb  at  the  same  time  upon  a  M'lutja'e's  splint.    If  the  joint  be  still  more 
seriously  injured,  the  posterior  tibial  artery  torn,  or  the  foot  greatly  contused, 
and  especially  if  the  patient  be  aged  and  his  constitution  shattered,  recourse 
should  be  had  to  primary  amputation.  I  beheve  that  the  disincHnation  on  the 
part  of  Surgeons  to  amputate  in  these  cases,  greatly  owing  to  the  strong  ex- 
pression of  opinion  by  Sir  A.  Cooper  in  favour  of  the  attempt  to  save  the  limb, 
has  in  many  cases  been  carried  to  such  an  extent  as  seriously  to  add  to  the 
patient's  daiiger.    Secondary  amputation  may  be  rendered  necessary  in  conse- 
quence of  gangrene,  erysipelas,  or  extensive  suppuration. 
•  Dislocations  of  the  Astragalus.— The  astragalus  is  occasionally  displaced 
from  its  connection  with  the  bones  of  the  leg  above,  and  with  those  of  the 
tarsus  below,  being  thrown  cither  forwards  or  hach  wards.    The  displacement 
forwards  happens  far  more  frequently  than  that  in  the  opposite  direction.  In 
the  dislocation  Forwards,  the  head  of  the  bone  may  be  thrown  either  outwards 
or  inwards ;  but  I  do  not  think  there  is  any  evidence  to  show  that  complete 
lateral  dislocation  of  this  bone  can  occur  irrespective  of  displacement  forwards; 
the  so-called  lateral  dislocations  being  displacements  of  the  bone  forwards,  with 
twists  to  one  or  the  other  side.    The  dislocation  forwards,  with  lateral  inclina- 
tion, may  either  be  complete  or  incomplete.    When  it  is  complete,  the  bone  is 
thrown  out  of  its  bed  on  the  calcaneum,  and  separated  from  its  connections  with 
the  malleolar  arch  above  and  the  scaphoid  in  front,  being  forced  in  front  of  the 
tarsus,  and  lying  upon  the  scaphoid  and  cuneiform  bones.    When  the  disloca- 
tion is  incomplete,  the  head  is  separated  from  the  scaphoid,  and  is  thrown  up  on 
it,  or  on  the  external  cuneiform  or  cuboid  bones,  the  body  of  the  astragalus 
maintaining  its  connections  with  the  malleolar  arch  and  oscalcis.  The  disloca- 
tion Backwards  is,  I  believe,  always  complete.    In  the  luxation  backwards 
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there  is  no  rotation  of  the  bone,  which  is  thrown  directly  behind  the  tibia,  in 
the  space  between  it  and  the  tendo  AchiUis. 

These  dislocations  invariably  happen  from  falls  npon  or  twists  of  the  foot  ; 
more  particularly  when  it  is  extended  upon  the  leg.  When  the  foot  is  in  this 
position,  the  lower  end  of  the  tibia  either  breaks  otf  on  the  application  of  suffi- 
cient violence,  or  the  head  of  the  astragalus  is  forced  out  of  the  ca\  ity  of  the 
scaphoid  and  its  bed  on  the  os  calcis  ;  the  particular  kind  of  displacement  that 
occurs  depending  upon  the  direction  in  which  the  force  is  acting  and  in  which 
the  foot  is  twisted.  And,  as  the  foot  is  more  frequently  twisted  inwards,  the 
head  of  the  astragalus  is  thrown  outwards.  Dislocation  of  the  astragalus  differs 
from  dislocation  of  the  foot  in  this — that  when  the  foot  is  dislocated,  the 
astragalus,  though  thrown  out  from  under  the  malleolar  arch,  preserves  its  con- 
nections with  the  rest  of  the  tarsus  :  whilst  these  are  always  broken  through 
when  the  astragalus  is  the  bone  dislocated,  even  though  it  have  not  completely 
escaped  from  between  the  malleoli. 

The  dislocation  of  the  astragalus  forwards,  with  twist  of  the  bone  inwards, 
is  said  to  be  of  most  common  occurrence :  I  have,  however,  more  frequently 
witnessed  that  form  of  accident  in  which  the  bone  is  thrown  somewhat  outicards 
as  well  as  forwards.  In  either  case  the  displaced  bone  forms  a  distinct  tumour 
npon  the  instep,  in  the  outline  of  which  the  form  of  the  astragalus  can  be  dis- 
tinctly made  out.  Over  this,  the  skin  is  so  tightly  drawn  as  often  to  appear  to 
be  on  the  point  of  bursting.  When  the  bone  is  thrown  somewhat  inwards,  the 
foot  is  turned  outwards,  and  the  internal  malleolus  projects  distinctly.  When 
the  astragalus  is  thrown  oiiitrards,  displacement  of  the  foot  inwards,  with  great 
projection  of  the  lower  end  of  the  fibula,  takes  place.  In  some  cases,  fracture 
of  the  neck  of  the  astragalus  is  conjoined  with  these  dislocations ;  and  not  un- 
commonly the  luxation  is  compound  from  the  very  first,  or  speedily  becomes  so 
if  left  unreduced,  in  consequence  of  the  sloughing  of  the  skin  which  covers  the 
anterior  surface  of  the  bones,  the  exposed  portion  of  which  undergoes  necrosis, 
and  ]ierhaps  e^'eutual  exfoliation. 

The  dislocation  laehwards,  into  the  hollow  under  the  tendo  Achillis,  is  rare, 
there  being  but  seven  recorded  instances  of  this  accident.  In  the  majority  of 
these  there  was  displacement  of  the  bone  iiuvards,  as  Avell  as  backwards.  In 
these  cases  the  diagnosis  is  easy,  as  the  bone  forms  a  distinct  prominence, 
which  can  be  felt  under  the  tendo  Achillis. 

In  many  cases  the  dislocation  of  the  astragalus  is  not  altogether  complete,  a 
portion  of  the  bone  still  intervening  between  the  under  surface  of  the  til)iaaud 
the  upper  surface  of  the  os  calcis. 

Treatment. — The  reduction  of  the  dislocation  forwards,  whether  attended  by 
lateral  displacement  or  not,  varies  greatly  in  facility  ;  in  some  instances  being 
effected  with  the  greatest  possible  ease,  in  others  being  attended  by  almost 
insurmountable  difficuUies.  This  difference  depends,  I  think,  on  whether  the 
dislocation  is  complete  or  not.  When  the  astragalus  is  not  completely  thrown 
from  under  the  arch  formed  by  the  bones  of  the  leg,  a  portion  of  it  being  still 
entangled  between  their  articular  surfiices  and  that  of  the  calcaneum,  it  may 
usualfy  be  readily  reduced  by  relaxing  the  muscles  of  the  calf,  and  pushing  the 
bone  back  into  its  proper  position.  But  when  the  astragalus  is  completely 
dislocated,  the  upper  surface  of  the  calcaneum  is  drawn  up  under  the  arch  of 
the  malleoli  by  all  the  strength  of  the  muscles  that  pass  from  the  leg  to  be  in- 
serted into  the  foot.    In  these  circumstances,  in  order  that  reduction  may  take 
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place,  it  is  necessary  first  of  all  to  separate  the  articular  surfaces  to  such  au 
extent  as  to  admit  of  the  astragalus  being  pushed  back  into  its  socket :  this  is 
almost  impossible,  owing  to  the  great  perpendicular  thickness  of  this  bone,  to 
the  extent  to  which  it  is  consequently  necessary  to  draw  down  the  foot,  and  to 
the  little  purchase  that  can  be  obtained  on  it.  In  such  cases,  reduction  has 
been  greatly  fticilitated  by  the  division  of  the  tendo  Achillis,  by  which  simple 
operation  the  whole  strain  of  the  muscles  of  the  calf  is  taken  off. 

If  reduction  be  still  impracticable,  and  the  bone  continue  unreduced  and 
irreducible  on  the  dorsum  of  the  foot,  what  should  be  done  ?  Two  courses 
present  themselves  to  the  Surgeon  ;  either  at  once  to  cut  down  upon  the 
astragalus  and  to  remove  it ;  or  to  adopt  a  paUiative  treatment — to  put  the 
limb  at  rest  on  a  splint,  to  apply  evaporating  lotions,  and  to  wait  the  result, 
acting  according  to  circumstances  as  they  develop  themselves.  In  some  rare 
cases,  the  displaced  astragalus  has  given  rise  to  comparatively  little  incon- 
venience ;  but  this  can  seldom  be  expected.  If  the  dislocation  have  been  in 
the  direction  forwards,  the  skin  will  usually  slough,  and  then  a  portion  of  the 
exposed  osseous  surface,  which  will  probably  necrose,  may  be  excised,  or  the 
whole  of  the  astragalus  may  be  dissected  out  by  freely  exposing  it,  and  severing 
its  ligamentous  attachments  ;  the  patient  reco^-ering  with  a  somewhat  stiffened, 
but  still  useful  joint.  This  plan  appears  to  be  safer  than  excising  the  bone  in 
the  first  instance,  so  soon  as  the  dislocation  has  l)een  found  to  be  irreducible. 
The  operation  of  excising  the  dislocated  astragalus  may  be  greatly  facihtated 
by  the  exsanguination  of  the  foot  and  leg  by  means  of  Esmarch's  elastic  band- 
age. The  tissues  are  pale  and  the  operation  is  bloodless,  so  that  the  Surgeon 
can  see  exactly  what  he  is  cutting,  and  where. 

In  luxation  backwards,  the  bone  has  not  hitherto  to  my  knowledge  been 
reduced,  except  in  one  case  which  occurred  in  University  College  Hospital, 
and  in  which  the  tibia  and  fibula  were  also  fractured.  It  is  by  no  means 
improbable  that  subcutaneous  division  of  the  tendo  Achillis  may  in  future 
enable  the  Surgeon  to  effect  reduction.  The  result  is,  however,  satisfactory, 
even  though  the  bone  be  not  reduced,  the  patient  recovering  with  a  useful 
foot.  If  the  dislocation  be  left  unreduced,  the  softs  parts  covering  the  bone 
may  slough,  as  happened  in  a  case  recorded  by  R.  C.  Williams  of  Dublin,  in 
which  the  bone  was  consequently  extracted. 

In  Compound  Dislocation  of  the  Astragalus  (Fig.  301)),  the  rule  of 
practice  must  depend  upon  the  extent  of  injury.  If  the  integuments  have 
merely  been  rent  in  consequence  of  the  outward  pressure  of  the  displaced  bone, 
an  attempt  must  be  made  to  reduce  the  dislocation  by  the  aid,  if  necessary,  of 
the  division  of  the  tendo  Achillis  ;  and,  if  this  be  effected,  to  close  the  wound 
by  the  first  intention.  If  the  bone  be  comminuted  as  well  as  dislocated,  the 
proper  practice  will  l)e  to  remove  the  loosened  fragments,  and  to  dress  the 
wound  antiseptically,  allowing  it  to  heal  by  granulation.  If  the  bone  lie 
irreducible,  it  is  a  question  whether  it  should  be  left  or  dissected  out.  If  it 
be  left,  the  wound  in  the  integuments  will  certainly  extend  by  sloughing,  the 
bone  will  inflame  and  become  necrosed,  exfoliating  in  fragments,  and  the 
patient  will  recover  only  after  a  prolonged,  tedious,  and  dangerous  course  of 
treatment.  In  these  circumstances,  therefore,  it  appears  to  me  that  the 
simpler  and  safer  plan  both  to  limb  and  life  consists  in  enlarging  the  wound 
in  proper  directions,  so  as  to  dissect  out  the  irreducible  astragalus,  and  then 
bringing  the  articulating  surfaces  into  contact,  dressing  the  parts  antiseptically, 
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to  the  formation  of  a  new  joint  between  the  tibia  and  the  os 


and  trustinu' 

calcis.  So,  also,  if  a  simple  dislocation  of  the  astragalus  become  compound  in 
consequence  of  the  sloughing  of  the  superjacent  tense  integuments,  the 
exposed  and  necrosing  bone  should  be  removed  in  part  or  in  whole,  according 
to  the  cii-cumstances  of  the  case.    If  together  with  the  dislocation  of  the 


Fig.  309. — Dissection  of  Foot  in  Compound  Dislocation  of  Astragalus  outwards. 

astragalus,  the  foot  be  extensively  crushed,  amputation  may  be  required  either 
at  the  ankle-joint  or  at  some  convenient  part  of  the  leg. 

Dislocations  of  the  other  Tarsal  Bones  are  of  extremely  rare  occur- 
rence.   Most  of  these  bones,  however,  have  been  found  luxated  at  times. 

The  Calcaneum  and  Scaphoid,  canying  with  them  the  rest  of  the  foot,  are 
sometimes  dislocated  from  the  astragalus,  which  is  left  in  situ  under  the  mal- 
leolar arch.  In  these  dislocations  the  bones  may  be  displaced  in  either  lateral 
direction — outwards  or  inwards.  The  Treatment  consists  in  the  flexion  of  the 
leg  and  attempts  at  reduction  by  extension  of  the  foot  in  the  ordinary  way. 
If  moderate  extension  fail  in  effecting  reduction,  Pallsel  has  recommended 
division  of  the  teudo  Achillis,  and,  if  necessary,  of  the  posterior  tibial  tendon, 
as  a  means  of  facilitating  this,  on  the  same  principle  as  in  dislocation  of  the 
astragalus. 

The  Calcaneum  has  been  dislocated  laterally  from  its  connection  Avith  the 
cuboid  in  consequence  of  falls  from  a  height,  the  sufferer  alighting  upon  his 
heel.  Chelius  mentions  a  case  in  which  this  bone  was  dislocated  by  the  effort 
of  drawing  off  a  tight  boot.  Reduction  seems  to  be  readily  effected  by  relaxing 
the  muscles,  and  pressing  the  bone  back  into  its  proper  position. 

The  Scaphoid  and  Cuboid  Bones  have  been  dislocated  upwards,  in  con- 
sequence of  a  person  jumping  from  a  height  and  alighting  upon  the  ball  of  the 
foot.  In  these  instances  the  limb  is  shortened  and  curiously  distorted,  the 
toes  pointing  downwards,  and  the  arch  of  the  instep  being  increased  so  as  to 
resemble  closely  enough  the  deformity  of  club-foot.  Reduction  may  be  effected 
by  drawing  and  pi'essing  tlie  parts  into  position. 

The  Internal  Cuneiform  Bone  has  occasionally  been  found  to  be  dislo- 
cated. Sir  A.  Cooper  mentions  an  instance  of  the  kind.  If  reduction  be  not 
effected  by  pressing  the  bone  into  its  position,  no  great  evil  appears  to  result 
to  the  patient,  the  motions  of  the  limb  not  being  seriously  interfered  with. 

Sometimes  the  tarsal  joints  are  extensively  torn  open  without  any  one  bone 
being  distinctly  dislocated.  I  have  seen  this  happen  to  a  young  man  who 
caught  his  foot  between  the  spokes  of  a  revolving  wheel ;  the  foot  was 
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violently  bent  and  twisted,  and  all  the  tarsal  joints  more  or  less  torn  ojien, 
so  as  to  necessitate  amputation. 

Dislocation  of  the  Metatarsal  Bones,  though  excessively  rare,  from 
the  manner  in  which  these  bones  are  locked  into  the  tarsus,  and  retained  by 
short  and  strong  ligaments,  yet  occasionally  occurs.  Instances  are  recorded  by 
Dupuytren  and  Smith  :  Liston  mentions  a  case  of  luxation  of  the  metatarsal 
bone  of  the  great  toe  from  direct  violence  ;  and  Tufnell  records  a  case  of 
luxation  downwards  and  backwards  of  the  inner  three  metatarsal  bones,  from 
a  fall  upon  the  leg  by  a  horse  rolling  on  its  rider.  Two  cases  have  occurred 
in  my  practice,  in  one  of  which,  by  the  jiressure  of  a  "  turn-table  "  on  a  rail- 
way, the  Older  three  metatarsal  bones  were  dislocated  downwards.  In  the 
other,  in  consequence  of  a  horse  falling  and  rolling  on  its  rider,  there  were  a 
compound  dislocation  of  the  first  and  a  simple  dislocation  of  the  fourth  meta- 
tarsal bone.  The  question  of  amputation  will  always  present  itself  in  these 
cases,  and  must  be  determined  on  general  principles,  by  the  age  of  the  patient, 
and  the  extent  of  injury  to  the  soft  parts. 

Luxations  of  the  Phalanges  of  the  Toes  but  rarely  happen,  and  present 
nothing  special  in  nature  or  treatment. 


CO^'CUSSIO^Y  OF  THE  JiAUIJ. 
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CHAPTER  XXIV. 


INJURIES  OF  THE  HEAD. 

Injuries  of  the  Head  are  among"  the  most  important  sul)jects  that  can 
engage  the  Surgeon's  attention.  Their  importance  is  derived  not  so  much 
from  the  injury  of  the  scalp  and  skull,  as  from  the  implication  of  the  brain 
and  its  membranes,  and  the  results  which  are  thereby  produced,  in  many 
cases  directly,  and  in  others  indirectly  and  remotely,  owing  to  the  anatomical 
connections  and  consequent  close  pathological  sympathies  that  exist  between 
the  external  and  internal  structures  of  the  head.  In  consequence  of  this 
tendency  to  cerebral  complication,  it  is  of  the  first  moment  in  practice  to  study 
these  injuries  as  a  whole,  with  special  regard  to  the  affections  of  the  encephalon 
that  are  produced  by  them,  and  from  which  the  injury  of  the  scalp  and  the 
ffacture  of  the  skull  derive  the  greater  part  of  their  importance.  It  is  there- 
fore necessary,  in  the  first  instance,  to  be  acquainted  with  the  nature  and 
treatment  of  the  principal  forms  of  cerebral  affection  that  supervene  upon  these 
accidents,  before  we  proceed  to  study  the  injuries  themselves. 

CEREBRAL  COMPLICATIONS    OF  INJURIES  OF  THE  HEAD. 

These  maybe  primary  or  secondary.  The  brain  is  subject  to  three  principal 
Primary  States  of  Functional  Disturbance  arising  from  injury  ;  viz., 
1.  Concussion,  2.  Compression,  and  3.  Cerebral  Irritation.  Any  one  of  these 
may  be  followed  by,  or  l)e  complicated  with,  subsequent  inflammation,  that 
derives  peculiar  characteristics  from  the  conditions  with  which  it  is  associated, 
and  from  the  injury  by  which  it  is  occasioned. 

In  describing  these  different  conditions,  we  are  compelled  to  define  the 
symptoms  that  characterize  them  more  distinctly  than  is  the  case  in  actual 
practice,  where  they  are  not  so  clearly  individualized,  but  become  merged 
together  to  a  considerable  extent. 

1.  CoNCUSSiox  OF  THE  BiiAiN, — Concussiou,  or  stunning,  appears  to  be 
a  shock  communicated  to  the  head  from  the  application  of  such  external 
violence  as  will  produce  commotion  of  the  substance  of  the  brain,  or 
interfere  with  the  circulation  through  it ;  in  consequence  of  which  its 
functions  become  suspended,  usually  in  a  slight  and  transitory  degree,  but 
occasionally  to  sncli  an  extent  that  the  patient  does  not  rally  for  many  hours 
from  the  depressed  state  into  which  he  is  thrown,  and  perhaps  sinks  without 
recovery. 
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The  Pathology  of  concussion  of  the  brain  is  very  obscure ;  so  much  so,  m 
fact,  tliat  the  term  must  be  considered  to  have  rather  a  clinical  than  a^  patho- 
logical significance.  The  reason  of  this  is  obvious ;— few  people  die  from 
simple  concussion.  In  those  cases  in  which  death  has  occurred  from  other 
causes  during  a  state  of  cerebral  concnssion,  it  has  been  found  that  the  dis- 
turbance of  the  functions  of  the  brain  constituting  concussion  has  been  due  to 
actual  though  slight  lesion  of  its  substance.  In  some  cases,  the  vessels  of  the 
brain  and  its  membranes  have  been  congested.  In  others,  again,  portions  of 
the  cerebral  substance,  varying  in  size  from  minute  points  to  patches  an  inch 
or  more  in  diameter,  have  been  disintegrated  and  more  or  less  ecchymosed. 
In  the  more  severe  and  fatal  cases  of  concussion  of  the  brain,  the  cerebral  sub- 
stance is  ecchymosed  in  a  punctiform  manner  or  disorganized  to  a  great  extent ; 
in  fact,  in  these  cases  the  characteristic  signs  of  contusion  of  the  brain  become 
apparent. 

The  Signs  of  concussion  vary  according  to  the  severity  of  the  injury  to  the 
brain.    In  the  slighter  cases,  the  j^atient  may  merely  feel  giddy  and  confused 
fur  a  few  minutes.    In  others,  consciousness  is  not  affected,  but  the  patient 
feels  faint  and  weak,  and  is  unable  to  stand.    In  the  more  severe  form — in 
that  degi-ee,  indeed,  which  usually  accompanies  any  severe  injury  of  the  head — 
the  surface  of  the  body  becomes  cold  and  pale  ;  the  temperature  falls  to  97°  F., 
or  even  to  96°  F.,  if  the  accident  has  occurred  in  cold  weather  ;  the  suflFerer  is 
motionless  and  insensible,  or  answers  only  when  spoken  to  in  a  loud  voice,  re- 
lapsing again  into  speedy  insensibility,  or  rather  semi-consciousness  ;  the  pulse 
is  feeble  ;  the  respiration  is  slow  and  shallow ;  the  pupils  are  usually  contracted, 
but  may  be  dilated,  and  generally  resj^ond  to  the  action  of  light,  and  the 
sphincters  are  usually  relaxed  ;  the  limbs  are  flaccid,  and  muscular  power  is 
imj)aired  or  lost.    After  this  condition,  which  is  the  first  stage  of  concussion, 
has  lasted  for  a  few  minutes  or  hours,  according  to  the  severity  of  the  shock, 
the  second  stage  comes  on  ;  the  circulation  gradually  re-establishing  itself,  the 
pulse  becoming  fuller,  and  the  surface  warmer.    As  reaction  becomes  fully 
established,  the  temperature  rises  slightly  above  the  normal  standard,  the 
degree  of  elevation  being  in  proportion  to  the  severity  of  the  concussion.  In 
slight  cases  the  thermometer  will  rise  to  99°  F.  or  99*5°  F.,  while  after  more 
severe  injuries  it  may  reach  100°  F.,  beyond  which  point  it  seldom  passes  in 
cases  of  simple  concussion.    About  this  time  the  patient  very  commonly 
vomits  ;  the  straining  accompanying  this  effort  appears  to  be  of  service  in 
stimulating  the  heart's  action,  and  driving  the  blood  with  more  vigour  to  the 
brain,  thus  tending  to  restore  its  functions ;  and  we  accordingly  find  that,  after 
vomiting,  the  sulferer  quickly  rallies.    In  the  more  severe  cases,  the  symptoms 
that  have  just  been  described  are  so  strongly  marked  that  the  patient  appears 
to  be  moribund — prostration  of  all  nervous  and  physical  power  being  com- 
plete, the  surfoce  being  cold  and  clammy,  as  in  death,  the  eyes  glassy,  the 
pupils  either  contracted  or  widely  dilated,  the  pulse  scarcely  perceptible  and 
intermittent.    In  this  state  the  patient  may  lie  for  hours,  recovery  beino- 
slow,  and  the  concussion  merging  into  some  other  and  perhaps  more  serious 
affection  of  the  nervous  centres  ;  or,  indeed,  in  some  cases,  speedily  termi- 
nating in  death,  apparently  by  failure  of  the  heart's  action.    But  it  may  truly 
be  said,  that  every  case  of  concussion  in  which  unconsciousness,  though  but 
momentary,  has  been  produced,  is  a  most  serious  one.     Any  remote  evil 
consequence  in  the  form  of  secondary  cerebral  disease  may  possibly  ensue,  if 
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once  the  braiii-substancc  have  been  so  severely  shaken  as  to  render  the  patient 
unconscious,  even  though  the  insensibiUty  last  but  a  few  minutes.  All  such 
cases  require  to  be  closely  watched  and  carefully  managed  for  months  after 
the  injury. 

The  Terminations  of  concussion  are  various.  We  have  already  seen  that 
in  some  cases  this  affection  may  speedily  end  in  complete  recovery  ;  al- 
thou,U-h  slight  headache,  some  degree  of  giddiness,  confusion  of  thought,  and 
inaptitude  for  mental  occupation,  may  last  for  a  few  days  before  the  mental 
powers  are  completely  re-established.  In  these  it  is  probable  that  no  coarse 
lesion  of  the  brain  substance  has  taken  place.  In  other  cases,  the  concussion 
may  rapidly  terminate  in  death,  and  in  these  it  will  always  be  found  that 
distinct  contusion  or  laceration  of  the  brain  substance  has  occurred.  Becween 
these  conditions  there  are  several  intermediate  states.  Thus,  recovery  may  be 
complete,  but  a  permanently  irritable  state  of  brain  may  be  left ;  the  patient, 
though  capable  of  the  ordinary  duties  of  life,  becoming  readily  excited  by 
slight  excesses  in  diet  or  in  the  use  of  stimulants,  or  by  mental  emotion,  though 
not  of  an  inordinate  intensity.  Individuals  thus  affected,  suffering  from  a 
preternaturally  irritable  brain,  sometimes  die  suddenly  in  the  course  of  a  few 
months,  or  a  year  or  two,  after  the  receipt  of  the  injury. 

In  other  cases  the  recovery  continues  incomplete ;  although  the  patient 
may  be  enabled  to  follow  his  usual  occupation,  and  to  mix  in  the  ordinary 
business  of  life,  yet  his  state  is  precarious,  the  brain  being  liable  to  the  occur- 
rence of  inflammatory  disease  on  the  slightest  exciting  cause.  In  such  cases 
as  these,  there  is  fi-equently  a  certain  degree  of  impairment  of  mental  power ; 
the  memory  failing  either  generally  or  in  certain  important  points,  as  with 
reference  to  dates,  persons,  places,  or  language.  The  speech  is  perhaps  indis- 
tinct and  stuttering.  Impainnent  of  vision  is  a  very  common  consequence  of 
these  injuries.  Asthenopia,  with  perhaps  squinting  or  paralysis  of  the  eyelid, 
may  be  left.  The  hearing  may  be  impaired,  or  noises  of  various  kinds  set  up 
in  the  ears.  Epileptiform  convulsions  occasionally  occur  ;  sometimes,  as  the 
patient  is  recovering  his  consciousness,  he  may  be  seized  with  a  severe  fit ;  but 
more  commonly  the  convulsions  do  not  come  on  as  a  primary  consequence, 
but  rather  as  a  remote  secondary  result  of  the  brain-injury.  There  may  be 
diminution  or  loss  of  muscular  and  of  virile  power,  especially,  as  Hennen 
observes,  when  the  injury  has  been  inflicted  upon  the  back  of  the  head  ;  and 
Holberton  has  noticed  that,  when  the  medulla  oblongata  has  been  injured,  the 
pulse  may  continue  preternaturally  slow— an  observation  which  I  have  had 
several  opportunities  of  confirming  in  injuries  both  of  the  medulla,  the  pons 
Varolii,  and  the  crura  cerebri.  For  these  symptoms  to  occur,  it  is  by  no 
means  necessary  that  the  original  local  injury  should  have  been  severe.  In 
some  cases,  the  whole  nervous  system  appears  to  be  jarred  and  concussed 
without  any  wound  or  apparent  sign  of  external  injury  to  the  head.  At  first, 
the  symptoms  of  concussion  are  but  slight,  perhaps  even  none  are  apparent, 
and  the  sufferer  congratulates  himself  on  his  escape  ;  but  gradually  impair- 
ment of  nervous  power,  manifesting  itself  in  one  or  other  of  the  ways  just 
mentioned,  comes  on,  and  the  health  continues  broken  through  life. 

In  other  cases,  again,  the  symptoms  of  concussion  may  gradually  terminate 
in  those  of  compression  ;  and  not  unfrequently  the  reaction  that  comes  on, 
passing  beyond  the  bounds  that  are  necessary  for  the  re-establishment  of  the 
healthy  functions  of  the  brain,  terminates  in  inflammation.  Hippocrates 
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truly  observed,  that  no  injury  of  the  head  is  too  trivial  to  he  despised,  or  too 
serious  to  be  despaired  of. 

2.  CoMPKESsiox  OF  THE  Brain.— This  is  a  common  condition  in  injuries 
of  the  head,  arising-  from  a  great  variety  of  causes  :— from  the  pressure  of  a 
portion  of  bone,  of  extravasated  blood,  of  inflammatory  exudation,  or  of  pus 
formed  within  the  skull,  or  from  a  foreign  body  lodged  there.  In  whatever  way 
occasioned,  however,  the  symptoms,  although  presenting  some  differences,  are 
tolerably  constant.  The  patient  lies  in  a  state  of  coma,  stupor  or  lethargy, 
being  paralysed  more  or  less  completely,  heavy  and  drowsy,  or  insensible,  not 
answering  when  spoken  to,  or  only  when  addressed  in  a  loud  voice,  and 
perhaps  shaken  at  the  same  time.  The  breathing  is  carried  on  slowly  and 
deeply,  with  a  stertorous  or  snoring  noise,  and  usually  a  peculiar  l)lowing  of 
the  lips.  The  stertor  appears  to  be  owing  to  paralysis  of  the  velum  pendulum 
palati,  which,  hanging  down  as  an  inanimate  curtfiin,  is  thrown  into  vibrations 
during  expiration  by  the  passage  of  the  air  across  it ;  the  distension  of  the 
cheeks  and  blowing  of  the  lips  are  due  to  the  muscular  paralysis  of  these  parts. 
One  or  both  pupils  are  dilated  and  insensible  to  light ;  the  pulse  is  full,  often 
slow — in  fact,  a  full,  slow,  labom-ed  pulse  is  one  of  the  most  marked  features 
in  these  cases  ;  the  fajces  j^ass  involuntarily  from  paralysis  of  the  sphincter  ani, 
and  the  urine  is  retained  from  paralysis  of  the  bladder  ;  the  skin  may  be  cool, 
but  in  many  cases,  on  the  contrary,  is  rather  hot  and  perhaps  perspiring  ;  the 
temperature  may  rise  to  10G°  F.  Not  unfrequently  during  this  condition  of 
stupor  violent  fits  of  convulsions  may  occur.  This  state  of  coma  may  l)ecome 
complicated  by  symptoms  of  inflammation  ;  and,  unless  the  cause  that  pro- 
duces the  compression  lie  removed,  it  usually  terminates  speedily  in  death,  the 
patient  gradually  sinking  into  more  complete  unconsciousness,  and  dying  in  an 
apoplectic  condition.  In  other,  but  much  rarer  cases,  the  coma  may  continue 
almost  an  indefinite  time,  for  many  weeks  or  even  months,  until  the  compress- 
ing cause  is  removed,  when  the  patient  may  recover  consciousness,  and  the 
symptoms  disappear. 

The  Diagnosis  between  concussion  and  compression  has  been  sufficiently 
indicated  in  the  preceding  description  not  to  require  special  mention  here. 
But  it  must  be  remembered  that,  in  many  cases,  one  state  merges  into  the 
other,  so  that  the  symptoms  are  not  so  distinctly  marked  as  has  been 
indicated ;  and  they  are  more  especially  obscured  when  associated  with 
inflammation. 

With  regard  to  compression  it  may  be  broadly  stated  that  whenever  the 
symptoms  follow  an  injury  to  the  head  within  twenty-four  hours  they  are  due 
to  the  pressure  of  fragments  of  bone  in  depressed  fractures,  foreign  bodies  in 
penetrating  fractures,  or  extravasated  blood  in  simple  injuries.  Compression 
from  inflammatory  exudation  does  not  occur  till  the  third  day  at  the  earliest, 

3.  Cerebral  Irritation. — The  third  form  of  primary  cerebral  disturbance 
which  is  met  with  in  injuries  of  the  head,  differs  very  remarkably  from  both 
the  preceding.  The  patient  presents  symptoms  neither  of  concussion  nor 
of  compression,  nor  is  there  any  combination  of  the  phenomena  characterizing 
these  two  states  ;  but  the  symptoms  are  altogether  peculiar.  For  convenience 
of  description,  they  may  be  divided  into  two  groups,  the  hodiJij  and  the 
mental. 

The  Bodily  Symptoms  are  as  follows.  The  attitude  of  the  iiatient  is 
peculiar  and  most  characteristic  : — he  lies  on  one  side  and  is  curled  up  in  a 
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state  of  o-eueral  flexion.  The  body  is  bciit  forwards,  the  knees  are  drawn  up 
on  the  abdomen,  the  le«-s  bent,  the  anus  flexed,  and  the  hands  drawn  in. 
He  does  not  lie  motionless,  but  is  restless,  and  often,  when  irritated,  tosses 
himself  about.  But,  however  restless  he  may  be,  he  never  stretehes  himself 
out  nor  assumes  the  supine  position,  but  invariably  maintains  an  attitude 
of  flexion.  The  eyehds  are  lirmly  closed,  and  lie  resists  violently  every 
effort  made  to  open  them  ;  if  this  be  effected,  the  pupils  will  l)e  found 
to  be  contracted.  The  surface  is  pale  and  cool,  or  even  cold.  There  is  no 
heat  of  head.  The  pulse  is  small,  feeble,  and  slow,  seldom  above  70.  The 
sphincters  are  not  usually  affected,  and  the  patient  will  i)as8  urine,  when 
the  bladder  requires  to  be  emptied  ;  there  may,  however,  though  rarely,  be 
retention. 

The  Mental  state  is  equally  peculiar.  Irritability  of  mind  is  the  prevail- 
ing characteristic.  The  patient  is  unconscious,  takes  no  heed  of  what  passes, 
unless  called  to  in  a  loud  tone  of  voice,  when  he  shows  signs  of  irritability  of 
temper  or  frowns,  turns  away  hastily,  mutters  indistinctly,  and  grinds  his  teeth. 
It  appears  as  if  the  temper,  as  much  as  or  more  than  the  intellect,  were  affected 
in  this  condition.    He  sleeps  without  stertor. 

The  com'se  taken  by  these  symptoms  is  as  follows.  After  a  period  varying 
from  one  week  to  three,  the  pulse  impro\'es  in  tone,  the  temperature  of 
the  body  increases,  the  tendency  to  flexion  subsides,  and  the  patient  lies 
stretched  out.  The  mental  state  also  changes.  Irritability  gives  way  to 
fatuity  ;  there  is  less  manifestation  of  temper,  but  more  weakness  of  mind. 
Recovery  is  slow,  but,  though  delayed,  may  at  length  be  j^erfect ;  although 
in  these,  as  in  all  other  cases  of  cerebral  disturbance,  ulterior  consequences 
may  be  manifested. 

This  form  of  cerebral  disturbance  may,  from  the  peculiar  irritability  that 
characterizes  it,  be  with  propriety  termed  cerchral  irritatioii. 

The  symptoms  that  have  just  been  described  usually  follow  blows  upon 
the  temple  or  forehead,  and  probably  in  many  cases  may  arise  from,  or  are 
associated  with,  lacerations  of  the  cerebral  substance,  more  especially  of  the 
grey  matter. 

CoxTUSiox  OR  Laceration  of  tpie  Braix. — The  substance  of  the  brain 
is  very  frequently  contused  or  lacerated  by  blows  uix)n  the  head.  The  degree 
of  injury  varies  from  a  mere  superficial  bruising  indicated  merely  by  a  few 
dotted  points  of  extra vasated  blood  in  the  grey  matter,  to  extensive  disintegra- 
tion of  the  brain-substance  over  an  area  of  the  size  of  half-a-crown  or  larger,  In 
which  the  broken  down  brain-tissue  is  indistinguishably  mixed  up  with  blood- 
clots.  Laceration  of  the  brain  is  fully  described  under  AVounds  and  Injuries 
of  the  Brain  Substance,  p.  739.  It  is  sufficient  here  to  say  that  the  symptoms 
to  which  it  gives  rise  are  very  various  according  to  the  part  injured  and  the 
extent  of  the  injury.  More  or  less  contusion  or  laceration  of  the  brain  sub- 
stance is  probably  an  invariable  accompaniment  of  all  those  cases  which  Ave 
speak  of  clinically  as  severe  concussion  of  the  brain,  and  more  especially  of 
those  which  are  followed  by  some  definite  impairment  of  one  or  more  of  the 
central  functions.  The  hajmorrhage  fi-oni  the  torn  brain  substance  is  one  of 
the  most  frequent  causes  of  compression,  and  cerebral  imtation  may  be  always 
regarded  as  indicative  of  actual  injury  of  the  cortical  tissue.  Laceration  of 
the  brain,  with  arachnoid  hajmorrhage  conse(iuent  upon  it,  or  with  secondary  in- 
flammatory changes  round  the  injured  spot,  is  one  of  the  most  frequent  causes 
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of  convulsions  in  head  injuries.  The  special  features  which  mark  lacerations 
of  certain  parts  will  be  described  more  fully  later  on. 

Effects  of  Cerebral  Injury  on  the  Mental  Powers. — The  mental  con- 
dition of  patients  who  are  recovering  or  who  arc  supposed  to  have  recovered 
from  head-injury,  is  one  that  deserves  attentive  consideration.  It  will  fre- 
quently be  found  that  the  mental  powers  are  weakened,  either  g-enerally  or  in 
one  special  direction. 

The  memory  will  often  be  found  to  be  weakened  in  a  very  remarkable 
manner  on  the  recovery  of  the  patient  from  that  unconsciousness  which  results 
from  severe  concussion.  Not  only  is  there  a  complete  blank  as  to  all  that 
occurred  during  the  period  of  the  unconsciousness,  but  the  memory  may  l)e 
lost  for  those  events  which  immediately  preceded  it.  Thus  a  driver  will 
recollect  his  horses  taking  fright ;  but  he  will  never  be  able  to  recall  to  his 
recollection  the  various  events  that  occurred  before  he  was  thrown  from  hiy 
box,  and  received  that  blow  on  the  head  which  produced  concussion  of  the 
brain  and  rendered  him  unconscious — events  which  had  certainly  produced 
impressions  upon  the  brain  before  it  was  injured — impressions  which  were 
permanently  obliterated  by  the  concussion  of  the  cerebral  substance.  The 
chain  of  memory  is  broken  abruptly  at  some  occurrence — often  of  a  very 
trivial  character — antecedent  to  the  accident,  and  the  gap  then  left  can  never 
be  filled  by  any  subsequent  effort  on  the  part  of  the  patient. 

The  memory  may  be  impaired  in  other  ways,  as  for  words,  persons,  or 
dates.  The  mind  cannot  grasp  a  subject  or  carry  out  a  continuous  train  of 
thought,  and  is  incapable  of  fixed  attention  or  reasoning.  Delusions  of 
various  kinds  may  occur,  especially  in  "connexion  with  the  mode  of  occurrence 
of  the  accident.  I  have  known  a  patient  to  give  the  most  consistent  and 
detailed  accounts  of  the  mode  in  which  his  head  was  injured,  varying  them 
from  day  to  day — every  one  being  false,  but  believed  in  by  the  patient  at  the 
time.  The  patient  could  be  led,  by  a  process  of  questioning  and  suggestions 
combined,  to  give  almost  any  version  that  the  interrogator  desired  ;  and  this 
with  great  circumstantiality  of  detail.  This  is  a  matter  of  much  interest  and 
im]wrtance  in  a  medico-legal  aspect,  as  it  is  evident  that  an  individual  who 
has  sustained  a  severe  injury  of  the  head  might,  in  perfect  good  faith,  gi\-e  an 
entirely  false  account  of  the  mode  of  infliction  of  the  injury,  by  which  an 
innocent  person  might  be  seriously  compromised. 

The  Secondary  Consequences  of  injury  of  the  brain  are  the  results  of 
inflammation  eitlier  difi'nsed  or  circumscribed.  As  in  all  other  injuries  the 
character  of  the  inflammation  is  materially  influenced  by  the  admission  or 
exclusion  of  air.  In  compound  fractures  of  the  skull  septic  meningitis  is  a 
common  and  most  fatal  complication ;  in  simple  fi-actures  difi"usc  meningitis 
is  of  very  rare  occurrence.  So  also  in  open  wounds  of  the  brain,  spreading 
inflammation  of  the  cerebral  substance  is  of  common  occurrence,  givino-  rise 
to  suppuration  with  extensive  destruction  of  the'  tissue  of  the  hemisphere ; 
while  in  lacerations  without  open  wound,  although  there  is  frequentlv  some 
inflammation  and  softening  round  the  injured  spot,  it  seldom  spreads  very  far 
and  rarely  terminates  in  suppuration. 

1.  Traumatic  Excephalitis. — Inflammation  of  the  brain  and  its  mem- 
branes from  injury  is  an  affection  of  great  frequency  and  of  correspondino- 
importance.  It  is  apt  to  supervene  on  all  injuries  of  the  head ;  though  the 
liabiHty  to  it  necessarily  increases  with  the  severity  of  the  accident.*  This 
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inflammation  of  the  brain  and  its  membranes  may  set  in  with  great  intensity, 
the  symptoms  being  sti-ongly  marked ;  in  other  instances  it  gradnally  creeps 
on  in  a  slow  and  insidious  manner,  not  attracting  attention  until  it  has  given 
rise  to  some  severe  and  ulterior  conse(piences,  as  effusion  or  suppuration,  when 
its  symptoms  become  so  mixed  \\\)  with  those  of  compression  and  irritation, 
as  to  make  the  exact  diagnosis  of  the  patient's  condition  far  from  easy.  The 
period  at  which  symptoms  of  inflammation  of  the  brain  may  manifest  them- 
selves, after  an  injury  of  the  head,  varies  greatly.  In  some  instances  they  set 
iu  ahnost  immediately  the  patient  has  reco^'ered  from  the  ettects  of  the  con- 
cussion ;  the  reaction  from  this  state  gradually  assuming  an  inflammatory 
character.  Septic  meningitis  and  encephalitis  usually  commence  on  the 
second  day,  and  the  symptoms  reach  their  maximum  intensity  by  the  third  or 
fourth  day.  In  other  cases  it  is  not  until  after  several  days  that  inflam- 
mation declares  itself ;  and  again,  it  sometimes  happens  that  the  inflammatory 
affection  does  not  supervene  for  weeks  or  months :  but  then,  occurring 
perhaps  mider  the  influence  of  comparatively  trivial  causes,  it  may  destroy 
the  patient. 

Pathological  Changes. — After  death,  we  find  usually  both  the  brain  and 
its  membranes  inflamed.  The  arachnoid  is,  however,  the  structure  that  appears 
principally  to  suffer,  especially  in  septic  meningitis,  being  thickened,  so  as  to 
become  milky  and  semi-opaque.  Adherent  lymph  of  a  greenish-yellow  colour 
and  opacpie  purulent  appearance,  covers  one  or  both  hemispheres  of  the  brain, 
being  deposited  chiefly  in  the  sul)arachuoid  space  and  in  largest  (juantity 
at  the  seat  of  the  injury,  but  not  unfrequently  extending  across  and  into  its 
fissures,  occupying  especially  the  depressions  about  its  base.  The  vascularity 
of  the  brain  and  its  membranes  is  greatly  increased  ;  the  arachnoid  being 
reddened  in  patches,  and  the  vessels  visible  in  the  pia  mater  becoming  turgid 
and  very  numerous,  forming  a  vascular  network  over  the  surface  of  the  brain. 
The  sinuses  also  are  distended  with  blood ;  the  cerebral  substance  when  cut 
into  exhibits  an  increase  in  the  number  of  red  points ;  the  grey  matter  is 
redder  than  natural,  often  presenting  a  somewhat  rosy  hue ;  and  the  ventricles 
are  filled  with  reddish  semi-turbid  serum,  a  large  quantity  of  which  is  effused 
about  the  base  of  the  brain.  In  some  of  the  more  adx'anced  cases,  inflam- 
matory softening  of  the  cerebral  substance  may  occur. 

Symptoms. — In  considering  the  symptoms  of  traumatic  encephalitis,  it  is 
useless  to  endeavour  to  make  a  distinction  between  the  inflammation  of  the 
brain  and  that  of  its  meml)ranes  ;  the  two  structures  being  always  more  or 
less  implicated  at  the  same  time.  The  most  practical  division  of  this  disease 
following  injury,  is  into  the  acute  and  the  chronic  or  subaculo  encpplialitis. 

Acute  Encephalitis  usually  comes  on  within  eight-and-forty  hours  of 
the  infliction  of  the  injury.  The  patient  complains  of  severe,  constant,  and 
increasing  pain  in  his  head  ;  the  scalp  is  hot,  the  carotids  beat  forcibly,  the 
pupils  are  contracted,  the  eyea  intolerant  of  light,  and  the  ears  of  noise  ;  the 
pulse  is  full,  vibrating,  and  bounding ;  and  wakefulness,  with  delirium,  usually 
of  a  violent  character,  speedily  comes  on.  All  the  symptoms  of  severe  pyrexia 
set  in  at  the  same  time.  The  temperature  rises  rapidly,  usually  reaching 
103°  F.,  or  more,  by  the  third  day. 

Under  active  and  proper  treatment,  this  condition  may  gradually  subside 
until  the  health  is  re-established,  but  more  commonly  tlie  sym]itoms  of  in- 
flammation merge  into  those  of  compression— the  delirium  being  replaced 
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partly  or  entirely  by  stupor,  from  which  the  patient  is  roused  with  difficulty, 
the  pupils  <>-radually  dilating,  the  breathing-  becoming  heavy  and  stertorous,  the 
pulse  sometimes  contiinung  with  its  former  rapidity,  at  others  becoming  slow 
and  oppressed.  The  skin  is  hot  but  clammy  ;  the  patient  falls  into  a  heaA-y, 
dull,  unconscious  state,  which  alternates  with  convulsive  twitchiugs  or  jerkings, 
and  occasional  delirious  outbreaks.  As  death  approaches,  the  sphincters  relax, 
the  pulse  becomes  more  feeble,  the  surface  cooler,  the  coma  more  intense 
and  continuous,  until  the  patient  slides  from  exhaustion  and  compression  con- 
joined. In  cases  of  this  kind,  pus  may  be  found  upon  the  surface  or  within  the 
substance  of  the  brain,  in  one  case  being  diffused,  in  the  other  collected  into  a 
more  or  less  distinctly  circumscribed  abscess.  In  other  cases,  again,  the  symp- 
toms of  compression  appear  to  be  induced  by  a  thick  layer  of  lymph  lying  upon 
the  surface  of  the  brain,  or  by  a  quantity  of  serous  fluid  beiug  poured  out  into 
the  ventricles  and  about  the  base. 

Chronic  or  Subacute  Encephalitis  is  the  most  interesting  and  important 
variety  of  inflammation  following  injuries  of  the  head.  It  may  come  on  a  few 
days  after  the  infliction  of  the  injury,  or  not  until  months  have  elapsed.  It 
may  arise  from  accidents  that  implicate  simply  the  skull,  as  well  as  from  those 
that  directly  affect  the  brain  and  its  membranes.  The  j^atient  in  many  cases 
has  apparently  recovered  entirely  from  the  accident,  though  in  others  it  will  be 
found  that  some  one  symptom  indicative  of  the  brooding  mischief  still  con- 
tinues, such  as  headache,  or  impairment  of  sight  or  of  hearing.  Occasionally, 
the  coming  mischief  is  foreshadowed  by  unusual  irritability  of  temper,  by  loss 
of  mental  vigour,  or  by  some  other  functional  disturbance  of  the  brain.  In 
such  cases,  the  subacute  encephalitis  may  suddenly  come  on,  ushered  in 
perhaps  by  an  aggravation  of  the  persistent  symptom,  or  l)y  an  epileptic  fit. 
In  other  cases,  the  symptoms  set  in  suddenly  without  any  warning,  but  usually 
Avitli  much  intensity,  and  speedily  prove  fatal. 

The  Symptoms  of  subacute  encephalitis,  when  it  has  fairly  set  in,  consist  of 
those  of  inflammation,  irritation,  and  compression  of  the  brain  conjoined  ;  in 
some  cases  one,  in  other  instances  another,  of  the  conditions  appearing  to  pre- 
dominate. The  symptoms  consist  of  pain  in  the  head  with  heat  of  the  scalp, 
and  either  dilatation  or  contraction  of  the  pupils,  occasionally  one  beino- 
dilated  and  the  other  contracted.  S(|uinting,  intolerance  of  light,  delirimn 
moaning,  or  screaming,  unconsciousness,  with  convulsive  twitchings  of  the 
limbs  and  face,  commonly  occur  with  the  ordinary  symptomatic  fever  ;  and 
lastly,  symptoms  of  coma,  rapidly  terminating  in  death. 

In  the  subacute  encephalitis,  the  same  appearances  are  very  generally  found 
after  death,  as  in  the  more  acute  form  of  the  affection  ;  but  commonly  the 
arachnoid  membrane  is  principally  affected.  So  constantly  is  this  the  case 
that  some  Surgeons  have  proposed,  and  not  altogether  with  injustice,  to  apply 
the  term  arac/mitis  to  this  form  of  traumatic  encephalitis,  looking  upon  the 
inflammation  of  the  arachnoid  as  the  principal  lesion. 

2.  Intracranial  Suppuration.— This  may  be  of  three  distinct  kinds 
a.  Subcranial  ;  d.  Intrameningeal  ;  c.  Cerebral. 

a.  The  Subcranial  form  consists  in  the  deposit  of  pus  between  the  skull 
and  the  dura  mater.  It  occurs  always  at  the  point  struck,  and  is  limited  or 
circumscribed.    It  is  never  the  result  of  contrecoup. 

Three  conditions  may  lead  to  this  variety  of  intracranial  suppuration. 

a.  A  blow  on  the  head  which,  with  or  without  wound  of  the  scalp  or  fracture 
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of  the  skull,  causes  a  separation  of  the  dura  mater  from  the  bone,  leaving  a 
cavity  in  which  inflammatory  effusions  and  eventually  pus  collect. 

/3.  A  blow  on  the  head  causing-  necrosis  of  the  bone,  either  by  simple  severe 
contusion,  or  by  detaching  it  from  the  dura  mater  and  stripping  oft"  the  peri- 
cranium—thus disturbing  its  vascular  connections,  and  so  giving  rise  to  sup- 
puration under  the  injured  portion  of  bone. 

7.  Tlie  irritation  of  splinters  of  the  inner  table  in  cases  of  ordinary  depressed 
or  of  punctured  fractures  of  the  skull,  causing  chronic  inflammation  of  the  dura 
mater  and  eventual  suppui-ation.  In  these  cases  it  is  often  found  associated 
with  one  or  both  of  the  next  varieties. 

h.  The  Intrameningeal  form  consists  in  the  accumulation  of  pus,  or  of 
greenish  puriform  lymph,  in  the  cavity  of  the  arachnoid,  or  in  its  deposit  in 
the  pia  mater.  It  is  usually  widely  dift'used,  most  generally  beneath  the  part 
struck  ;  but  sometimes  on  the  opposite  side  of  the  head,  usually  more  towards 
the  vertex  than  in  any  other  part.  It  most  commonly  occurs  as  a  result  of 
open  wounds  implicating  the  brain  and  its  membranes,  or  of  compound  frac- 
tures of  the  base  of  the  skull.  It  may  occur  also  in  patients  who  are  suffering 
from  pyremia  arising  from  some  other  injury  complicating  that  to  the  brain 
itself. 

c.  The  Cerebral  form  is  usually  met  with  as  a  distinct  circumscribed 
abscess  in  the  white  substance  of  the  hemispheres,  often  associated  with  the 
last  variety,  and  occurring  in  individuals  of  unhealthy  habit  of  body.  It 
may  occur  : — 1.  At  the  seat  of  injury  ;  2.  By  conlrecoup;  or,  3.  It  may  be 
the  consequence  of  the  lodgment  of  foreign  bodies  in  the  brain. 

The  formation  of  pus  within  the  skull  is  a  sequela  of  much  interest  in 
injuries  of  the  head  ;  and  an  endeavour  has  been  made,  especially  by  Pott,  to 
lay  down  rules  by  which  its  occurrence  may  be  accurately  determined.  Thus 
it  has  been  said  that  if,  during  the  continuance  of  encephalitis,  fits  of  shivering 
come  on,  followed  by  the  gradual  supervention  of  coma,  which  slowly  becomes 
more  and  more  complete,  whilst  the  constitutional  symptoms  of  inflammation  , 
do  not  subside  ;  and  if,  at  the  same  time,  a  puffy,_sfficlliiig  form  u[)on  the 
uninjured  scalp,  or  the  wound,  if  there  be  one,  become  pale  and  cease  to 
discharge,  the  pericranium  separating  from  the  bone,  which  is  seen  to  be 
vellowish  brown  and  dry,  an  abscess  will  have  formed  under  the  skull  ;  and 
further,  that  in  all  probability  its  seat  will  correspond  to  these  changes  in  the 
scalp  and  pericranium,  which  are  due  to  the  bone  having  lost  its  vitality  by 
being  separated  from  the  dura  mater  by  the  subjacent  abscess. 

In  many  cases,  doubtless,  this  progression  of  constitutional  symptoms, 
accompanied  by  the  two  local  signs  just  mentioned,  has  affVjrded  proof  of  the 
existence  of  intracranial  suppuration.  It  but  seldom  happens,  however,  that 
the  signs  attending  the  formation  of  pus  within  the  skull  occur  in  the  distinct 
order  and  with  the  degree  of  precision  above  stated.  In  the  gi-eat  majority  of 
cases,  the  Surgeon  can  only  suspect  the  presence  of  pus  from  the  symptoms  of 
inflammation  terminating  in  paralysis  or  coma.  Still  he  calmot  say  with 
certainty  that  pus  has  formed,  for  the  coma  may  arise  from  the  pressure  of 
other  eff'usions  :  but  if  the  puff'y  swelling  of  the  scalp  or  the  separation  of  the 
pericranium  occur,  with  exposure  of  dry  and  yellow  bone,  with  hemiplegia  on 
the  opposite  side,  then  he  may  feel  himself  justified  in  giving  a  more  positive 
opinion  as  to  its  existence  in  some  situation  within  the  cranial  cavity,  probably 
beneath  or  in  the  immediate  neighbourhood  of  the  part  thus  affected. 
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In  some  cases  of  abscess  examination  of  tlie  eye  with  tlic  ophthalmoscope 
has  shown  the  presence  of  optic  neuritis  similar  to  that  met  with  in  tumour  of 
the  brain,  but  this  has  not  been  sufficiently  constant  to  render  it  of  any  real 
value  in  diagnosis  ;  and,  on  the  other  hand,  it  may  l)e  present  after  an  injury 
without  sui)puration  having  taken  place.  Occasionally,  as  will  be  seen  here- 
after, the  situation  of  tlie  pus  may  be  recognised  by  the  effect  produced  on  the 
cortical  centres. 

Pyaemia,  with  its  cliaracteristio  visceral  secondary  abscesses,  is  by  no  means 
an  unfi-equent  comphcation  of  injuries  of  the  head.  It  may  occur  as  a  conse- 
quence of  any  lesion  of  the  scalp,  skull,  or  brain,  in  which  the  patient  survives 
sufficiently  long  for  the  develoi^ment  of  the  characteristic  iDhenomena  of  this 
disease.  Hence  it  is  chiefly  after  the  slighter  forms  of  cerebral  injury  that 
pyasmia  and  secondary  abscesses  have  been  met  with  ;  occasionally  after 
wounds  of  the  scalp,  rarely  after  those  of  the  brain  or  its  membranes,  but  more 
commonly,  and  indeed  not  unfrequently,  after  injury  of  the  skull,  more 
especially  after  severe  contusion  of  the  bone  without  fractm-e. 

The  sequence  of  pathological  i)henomena  in  these  cases  is  the  same  that  is 
observed  in  all  in  which  pyasmi a  follows  injury  or  wound  of  the  osseous  struc- 
tures. The  part  of  the  bone  that  is  struck  usually  necroses  ;  inflammation 
and  suppuration  are  set  up  in  the  surrounding  ])ortions  of  the  skull ;  the 
cancelli  of  the  diploe  become  filled  with  pus ;  its  veins,  which  are  large, 
inflame,  and  become  the  media  of  transmitting  septic  material  to  the  general 
circulation  ;  the  ordinary  constitutional  symptoms  of  pyeemia  develop,  and 
secondary  abscesses  eventually  form  in  the  lungs,  liver,  and  joints,  with 
effusions  into  the  serous  cavities,  more  particularly  those  of  the  pleura  and 
pericardium.  The  older  writei's  on  Surgery  had  noted  and  had  mar^■elled 
at  the  strange  phenomena  of  hepatic  abscess  following  slight  head-injuries, 
and  had  generally  overlooked  the  occurrence  of  secondary  deposits  in  other 
organs  and  structures.  More  modern  investigation  has  shown  that  these 
abscesses  are  ])yfemic,  that  they  are  a  part  of  a  general  infection  of  the 
system,  and  that  they  are  almost  invariably  accompanied  by  pulmonary 
abscesses  :  indeed,  it  is  these  and  not  the  hepatic  that  are  the  common  conse- 
quences of  pyfemia  resulting  from  cerebral  injury.  Of  eighteen  cases,  P.  Hewett 
found  the  lungs  studded  with  abscesses  in  thirteen,  and  the  liver  in  three  ; 
and  of  these  three,  in  one  case  only  was  the  liver  alone  affected.  It  has  been 
supposed  by  some  that  intracranial  suppuration  is  a  necessary  precursor  of 
these  secondary  abscesses  :  that  it  frequently  co-exists  is  undoubted — we  often 
meet  with  pus  in  these  cases  between  the  dura  mater  and  the  contused  bone  ; 
but  to  suppose  that  it  is  a  necessary  concomitant  is  an  error.  I  have  seen 
cases  in  which  the  most  extensive  secondary  deposits  Avere  found  in  the  luno-s, 
liver,  joints,  &c.,  but  in  which  not  a  drop  of  pus  existed  in  the  interior  of  the 
skull  in  any  part ;  but  I  have  never  seen  a  case  in  which  the  diploe  around 
the  injured  bone  did  not  contain  pus,  sometimes  diffused  through  its  cells 
sometimes  filling  its  venous  sinuses. 

When  intracranial  suppuration  co-exists  with  secondary  pytemic  deposits, 
the  symptoms  of  the  two  conditions  become  so  mixed  up  as  to  lead  to  con- 
siderable difficulty  in  diagnosis  ;  but  when  the  intracranial  suppuration  is 
not  estalili shed,  there  may  be  a  complete  absence  of  all  cerebral  disturl)ance, 
whilst  the  alternating  rigors  and  heat  of  pytemia,  the  oppressed  breathing', 
or  the  hepatic  tenderness,  with  hiccup  or  recurring  sickness,  and  articular 
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tenderness,  give  nuraistakable  evidence  of  the  formation  of  secondary 
abscesses. 

The  pros^nosis  of  these  cases  is  necessarily  most  unfavourable.  I  doubt 
much  whether  recovery  is  possible  when  once  pya3mia  has  advanced  to  the 
formation  of  secondary  visceral  abscesses. 

Treatment. — The  treatment  of  these  various  cerebral  injuries,  and  of  their 
concomitant  affections,  is  one  of  the  most  imjwrtant  and  difficult  subjects  that 
can  arrest  the  Surgeon's  attention ;  the  difficulty  depending  in  a  great  measure 
on  the  various  conditions  that  have  just  been  described  not  occurring  in  prac- 
tice with  that  amount  of  distinctness  and  particularity  by  which  alone  their 
characters  can  be  conveyed  in  description,  but  being  associated  together  in  such 
a  way  that  the  exact  state  of  the  patient  cannot  so  readily  be  made  out.  There 
are  few  cases,  indeed,  in  which  practical  tact  and  a  nice  discrimination  and 
analysis  of  symptoms  are  more  required  than  in  those  now  under  consideration. 
It  would,  however,  be  useless  to  attempt  to  describe  the  shades  and  modifica- 
tions of  treatment  required  in  the  management  of  the  different  groui^ings  of 
these  various  forms  of  traumatic  cerebral  disturbance.  We  must,  therefore, 
content  ourselves  with  describing  the  treatment  of  each  state  broadly  and 
separately,  and  leave  the  consideration  of  the  varieties  that  commonly  present 
themselves  in  practice  to  the  discretion  of  the  Surgeon. 

In  the  Treatment  of  Concussion,  the  first  great  indication  is  to  re- 
establish the  depressed  energies  of  the  circulation  and  of  the  nervous  system. 
In  effecting  this,  we  must  be  careful  not  to  overstimulate  the  patient.  The 
safest  practice  is  that  which  is  applicable  to  the  treatment  of  shock  generally 
— to  wrap  the  patient  up  warmly  in  blankets,  to  put  hot  bottles  around  him, 
or  to  employ  frictions  to  the  surface,  and,  when  he  is  sufficiently  recovered,  to 
allow  him  to  swallow  a  small  (juautity  of  warm  tea.  Alcoholic  stimulants  of 
all  kinds  should  be  avoided,  unless  the  depression  of  the  nervous  energy  be 
so  great  that  reaction  cannot  be  brought  about  without  their  agency ;  but 
an  enema  containing  some  ether  or  aromatic  spirits  of  ammonia  may  be 
administered. 

When  reaction  has  come  on,  steps  should  be  taken  to  prevent  the  occurrence 
of  inflammatory  mischief.  If  the  concussion  have  been  slight,  it  may  be  quite 
sufficient  to  purge  the  patient  well,  and  to  keep  him  quiet  on  a  regulated  diet 
for  a  few  days,  directing  him  carefully  to  avoid  all  alcoholic  stimulants  and 
mental  exertion  for  some  time.  If  the  concussion  have  been  more  severe,  and 
if  the  svmptoms  of  reaction  have  been  accompanied  by  indications  of  con- 
tinuous cerebral  disturbance,  or  have  been  followed  by  giddiness,  headache,  or 
confusion  of  thought,  the  safer  plan  will  be  to  adopt  immediate  steps  for  the 
prevention  of  further  mischief.  Venesection  used  formerly  to  be  extensively 
practised  as  a  precautionary  measure,  in  order  to  prevent  undue  reaction  and 
inflammatory  mischief  following  on  head-injuries.  Perhaps  our  predecessor? 
erred  in  the  too  frequent  and  liberal  use  of  the  lancet  in  these  cases— I  believe 
that  Surgeons  of  the  present  day  are  too  sparing  in  its  use.  ^  In  the  young  and 
robust  the  best  possible  effects  follow  venesection  in  head-injuries,  to  the  extent 
of  from  12  to  10  ounces.  In  children,  leeches  advantageously  take  the  place 
of  the  lancet.  The  patient  should  be  freely  purged,  kept  on  a  low  diet,  and, 
above  all,  should  remain  quiet  in  bed  for  some  days. 

Should  impairment  of  the  mental  faculties  or  senses  be  left,  the  more  pru- 
dent plan  will  be  to  have  recourse  to  a  mild  antiphlogistic  treatment,  con- 
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sistiug  of  leeching-,  cupping,  blistering,  the  introduction  of  fi  seton  in  the  nape 
of  the  neck,  purging,  and  more  especially  a  mild  mercurial  course,  with  strict 
avoidance  of  all  mental  and  bodily  stimulation.  The  patient  must  be  carefully 
watched,  and  kept  under  proper  supervision  for  some  length  of  time,  as  serious 
symptoms  are  apt  suddenly  to  declare  themselves. 

When  Acute  Inflammation  of  the  Brain  or  its  Membranes  has  come 
on,  at  whatever  period  alter  the  injury,  active  treatment  should  be  at  once 
adopted.  The  head  must  be  shaved,  and  cold  apphed.  In  the  use  of  cold, 
great  care  must  be  taken  that  the  application  is  constant.  Intermittent  cold 
is  worse  than  useless.  One  of  the  best  modes  of  application  is  the  India-ruljber 
ice-cap,  which  can  be  secured  to  the  head  by  a  strap  passing  under  the  chin ; 
or  Leiter's  soft  metal  tubing,  which  can  be  moulded  to  any  form,  and  through 
which  a  stream  of  cold  water  is  kept  constantly  flowing,  is  even  more  efficient. 
Should  these  not  be  available,  a  bladder  filled  with  ice  may  be  used,  but  care 
must  be  taken  that  it  is  firmly  secured  in  its  position  by  Ijandages,  and  not,  as 
is  too  often  done,  allowed  merely  to  lie  against  the  head,  and  to  be  displaced 
by  the  slightest  movement  of  the  patient.  A  mackintosh  cloth  must  be  placed 
beneath  it  to  protect  the  bed-clothes  from  being  wetted.  Bleeding  from  the 
arm,  repeated  as  often  as  the  pulse  rises,  as  well  as  by  cupping,  or  leeches, 
may  be  had  recourse  to  ;  the  bowels  should  be  freely  opened,  and  rigid 
abstinence  must  be  enjoined,  the  patient  at  the  same  time  being  confined  to  a 
quiet  and  darkened  room,  and  removed  from  all  causes  of  excitement  of  the 
special  senses.  As  the  disease  assumes  a  chronic  form,  the  same  general  plan  of 
treatment,  modified  according  to  the  intensity  of  the  inflammatory  affection, 
must  be  persevered  in,  the  patient  being  kept  for  a  length  of  time  after  the 
subsidence  of  all  the  syiuptoms  in  a  state  of  complete  quietude. 

The  Subacute  Encephalitis  which  occasionally  follows  injuries  of  the 
head,  even  at  a  remote  period  from  their  infliction,  is  most  dangerous  and  un- 
manageable, being  very  apt  to  terminate  in  loss  or  impairment  of  the  senses, 
in  diminution  of  inteflectual  power,  or  in  local  paralysis.  IMuch  of  the  difficulty 
in  its  treatment  appears  to  arise  from  the  fact  that  the  inflammation  is  often  of 
an  asthenic  type,  and,  consequently,  does  not  admit  of  active  depletory 
measures. 

In  this  disorder  the  best  results  are  obtained  by  the  proper  administration 
of  mercury  and  the  employment  of  counter-irritants.  The  best  mode  of  ad- 
ministering the  mercury  is  to  give  half  a  grain  or  a  grain  of  calomel  every 
four  or  six  hours  until  the  gums  are  aflTected,  and  to  keep  up  the  effect 
with  diminished  doses  of  the  di-ug.  The  repeated  application  of  blisters 
over  the  shaven  scalp  is  perhaps  the  most  useful  form  of  counter-irritation  ;  to 
which,  in  more  chronic  cases,  a  seton  in  the  neck  may  be  added.  So  long  as 
any  symptoms  of  inflammation  continue,  this  plan  of  treatment  must"  be 
steadily  kept  up. 

In  the  more  chronic  forms  of  cerebral  irritation  following  injury,  more 
especially  if  there  be  any  tendency  to  convulsive  movements,  bromide  of 
potassium  in  moderate  doses  will  be  found  of  essential  service.  It  soothes  and 
secures  sleep  more  effectually  than  any  other  remedy. 

The  treatment  of  Cerebral  Irritation  will  require  to  be  varied  in  difiercnt 
stages  of  this  condition.  In  the  early  stage,  the  treatment  that  I  have  found 
most  successful  is  of  a  negative  character,  and  consists  in  the  avoidance  of  all 
active  measures.    No  good,  but  much  harm,  may  result  from  bleeding,  purg- 
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ins',  and  mcrcm-ializino-  the  patient.  Complete  rest,  the  removal  of  all  mental 
and  sensual  excitement,  shaying  the  head,  the  application  of  ice,  a  mild  aperient 
or  an  occasional  enema,  are  all  that  can  be  done  in  the  way  of  medical  treat- 
ment. As  the  constitutional  powers  are  depressed,  they  must  not  be  too  much 
lowered  by  complete  abstinence  from  food,  and  small  quantities  of  stimulants 
may  usually  be  advantageously  given.  A  tea-spoonful  of  brandy  in  a  little 
water,  or  beef-tea,  every  hour  or  tM'o,  according  to  the  condition  of  the  pulse 
and  the  temperature  of  the  skin,  will  generally  be  required.  In  some  cases, 
where  there  is  great  restlessness,  and  some  delirium,  without  any  sign  of 
encephalitis  having  supervened,  chloral  will  be  found  of  great  value,  or  an 
opiate  even  may  be  given  to  quiet  the  patient  and  induce  sleep.  This  cerebral 
irritation  is  the  only  form  of  primary  cerebral  disturbance  in  which  I  have 
seen  opiates  act  beneficially  ;  but  their  administration  requires  great  care,  and 
must  not  be  ventured  on  if  there  be  any  elevation  of  temperature  or  quickness 
of  pulse.  After  a  time  these  signs  of  depression  give  way  to  those  of  subacute 
meningitis,  the  patient  becomes  noisy,  shouting  and  crying,  restless  and  sleep- 
less. At  this  period,  and  in  such  circumstances,  venesection  may  be  practised 
with  great  advantage.  The  bleeding  should  be  followed  up  by  the  administra- 
tion of  bromide  of  potassium  or  of  cliloral,  and  ultimately  by  the  more  special 
treatment  of  meningeal  irritation.  In  the  treatment  of  all  these  conditions, 
it  is  impossible  to  insist  too  strongly  on  the  paramount  importance  of  absolute 
rest  and  quietude.  No  conversation,  lights,  or  noise  should  be  allowed  in  the 
patient's  room,  and  no  injudicious  attempts  should  be  made  to  rouse  him  or  to 
ascertain  by  inquiry  if  he  is  conscious.  Much  depends  on  careful  and  quiet 
nursing ;  on  attention  to  minor  details,  as  the  avoidance  of  noises  and  flickering 
lights,  and  the  fi'equent  administration  of  liquid  food  in  small  quantities,  or 
per  rectum. 

In  all  cases  of  Coma  from  Compression,  the  pressure  must  be  relieved 
before  it  can  be  expected  that  the  coma  will  subside.  But,  besides  this  great 
and  obvious  indication,  which  must  be  carried  out  in  different  ways  according 
to  the  nature  of  the  compressing  cause,  there  are  certain  general  considerations 
to  be  attended  to,  by  which  the  patient's  condition  may  be  much  relieved. 
Thus  the  bowels  should  be  freely  opened  by  placing  a  drop  of  croton-oil,  mixed 
with  a  little  mucilage,  in  the  patient's  mouth,  or  by  the  use  of  oleaginous  or 
terebinthinate  enemata.  The  urine  is  to  be  drawn  off  twice  in  the  twenty- 
four  hours,  the  room  darkened  and  kept  quiet,  and  ice  or  an  evaporating  lotion 
applied  to  the  head. 

When  symptoms  of  compression  occur  as  the  result  of  inflammation  inside 
the  skidl,  the  treatment  becomes  surrounded  by  difficulties.  If,  notwithstand- 
ing that  antiphlogistic  measures  have  been  pushed  to  their  fidl  extent,  rigors 
occur  and  coma  supervene,  conjoined  with  a  certain  amount  of  continuous  in- 
flammatory fever,  the  question  will  always  arise  as  to  whether  trephining 
should  be  had  recourse  to  on  the  supposition  of  matter  having  formed.  In 
these  cases  two  great  difficulties  present  themselves  ;  the  first  has  reference  to 
the  existence  of  pus  within  the  skull,  and  the  second  to  its  situation. 

The  question  as  to  the  actual  existence  of  Pus  within  the  Skull,  and  to 
the  dependence  of  the  symptoms  of  coma  upon  the  compression  exercised  by 
it,  is  always  a  difficult  one  to  decide.  There  are,  as  has  already  been  stated, 
no  absolute  and  unequivocal  symptoms  indicative  of  the  formation  of  pus 
within  the  skull ;  symptoms  closely  sinudatiug  those  that  accompany  its 
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presence  beiug  often  produced  by  the  effusion  of  serum,  or  of  puriform  lymph, 
on  the  lu-iiin  or  its  membranes.  But  although  there  may  not  be  any  symptom 
that  unequivocally  indicates  the  formation  of  pus  in  this  situation,  the  Surgeon 
is  not  unfrequently  enabled,  by  the  assemblage  of  general  symptoms  and  local  • 
signs,  to  infer  its  existence  with  considerable  accuracy.  In  these  cases, 
however,  it  is  usually  impossible  to  determine  the  exact  seat  of  the  pus 
with  sufficient  precision  to  admit  of  its  evacuation  by  the  trephine — whether 
it  be  between  the  skull  and  the  dura  mater,  between  the  layers  of^  the 
arachnoid,  underneath  this  membrane,  between  the  cerebral  convolutions, 
or  deeply  seated  in  the  substance  of  the  brain ;  whether  it  be  situated  under 
the  seat  of  injury  and  be  there  circumscribed,  or  so  extensively  diffused  as 
not  to  be  capable  of  complete  evacuation.  The  side  that  is  either  Avholly  or 
chiefly  the  seat  of  the  suppuration  is  necessarily  determined  by  the  existence 
of  opposite  hemiplegia ;  but  the  precise  locahzation  of  the  pus  in  the  intra- 
cranial structures  of  the  side  affected  constitutes  the  point  of  diagnostic  diffi- 
culty. As  a  general  rule,  it  may  be  said  that  when  the  signs  of  suppuration 
supervene  early  after  the  receipt  of  a  head  injury,  the  pus  is  diffused  and  its 
seat  is  in  the  membranes.  When  the  symptoms  are  slow  in  onset,  being 
those  of  compression  rather  than  of  inflammation,  it  is  circumscribed  and  in 
the  brain  substance.  That  these  difficulties  are  real  must  be  obvious  to  every 
practical  Surgeon ;  and  in  illustration  I  may  mention  the  following  two  cases, 
out  of  many  that  I  have  witnessed. 

A  man  was  admitted  into  University  College  Hospital  with  an  extensive 
lacerated  wound  of  the  scalp,  denuding  the  pericranium.  He  continued  fi'ee 
from  all  cerebral  disturbance  until  the  tenth  day  after  the  accident,  when  he 
complained  of  headache,  and  had  a  quick  pulse  and  a  hot  skin ;  at  this 
time  it  was  observed  that  the  pericranium  had  separated  from  the  skull. 
Active  antiphlogistic  treatment  was  followed  by  subsidence  of  symptoms,  and 
the  patient  went  on  favourably  until  the  thirty-fourth  day,  when  he  suddenly 
became  delirious  and  then  unconscious,  though  easily  roused  when  spoken  to 
loudly,  and  then  answering  rationally  ;  his  pulse  fell  to  48.  He  died  on  the 
thirty-ninth  day,  comatose.  On  examination  after  death,  the  pericranium  was 
found  detached  at  the  seat  of  injury  ;  under  this  the  dura  mater  was  thick, 
yellow,  and  opaque,  but  no  pus  was  observable.  On  separating  the  hemi- 
spheres, however,  a  large  abscess  was  found  situated  deeply  in  the  anterior  lobe 
on  the  injured  side,  and  protruding  into  the  median  fissure.  It  contained 
about  one  ounce  of  pus.  In  such  a  case  as  this  trephining  would  evidently 
have  been  useless ;  for,  although  it  was  probable  that  there  was  pus  within  the 
skull,  yet  its  seat  could  not  have  been  diagnosed,  and  the  abscess  could  never 
have  been  reached. 

Another  case  admitted  into  the  Hospital  was  that  of  a  man  who  had 
received  a  large  lacerated  wound  on  the  left  side  of  the  scalp  in  conse- 
quence of  a  fall.  There  was  no  injury  to  the  bone,  and  the  patient  went  on 
perfectly  well  until  the  seventy-seventh  day,  the  wound  having  cicatrized.  He 
was  then  suddenly  seized  with  hemiplegia  of  the  right  side,  from  which  he 
recovered  partially  on  being  bled  ;  some  twitching  of  the  muscles,  however, 
continued.  On  the  ninety-ninth  day  after  the  accident  he  became  coma- 
tose, and  was  trephined  by  S.  Cooper,  but  without  relief,  dying  with  symptoms 
of  compression  of  the  brain  on  the  third  day  after  the  operation.  On  exami- 
nation thick  yellow  lymph  was  found,  covering  the  whole  of  the  upper  surface 
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of  both  hemispheres,  lying  between  the  arachnoid  and  pia  mater,  and  extending 
into  the  sulci  between  the  convcjliitions.  There  was  an  abscess  in  the  substance 
of  the  brain  near  the  surface  of  the  right  hemisphere — the  side  opposite  to  the 
seat  of  injury.  Here  also,  though  the  symptoms  were  well  marked,  and  the 
diagnosis  as  to  the  existence  of  pus  correct,  trephiuing  was  useless,  as  the  pus 
could  not  be  evacuated.  These  cases  serve  to  indicate  the  difficulties  that 
surround  any  operation  with  the  view  of  evacuating  matter  from  within  the 
cranium. 

When,  however,  the  symptoms  of  inflannnatiou  have  been  interrupted  by 
an  attack  of  rigors  followed  by  coma,  or  accompanied  by  paralysis  on  the 
side  opposite  to  the  seat  of  injury,  with  the  formation  of  a  puffy  swelhng 
of  the  scalp,  or  by  the  separation  of  the  pericranium  and  the  exposure  of 
yellow  and  dry  bone  at  the  bottom  of  the  wound,  there  can  l)c  little  doubt  that 
the  Surgeon,  though  bearing  in  mind  the  extreme  uncertainty  of  the  case, 
might  be  justified  in  trephining  at  the  seat  of  local  change  or  of  injury,  in 
the  hope  of  finding  and  evacuating  pus  lying  beneath  the  skull,  and  thus 
giving  the  patient  his  only  chance  of  life.  And  indeed,  if  the  local  changes 
just  described  be  well  marked,  the  bone  being  dry,  having  lost  its  vitality, 
and  not  bleeding  from  the  diploe  when  cut,  the  probability  of  finding  pus  im- 
mediately beneath  the  trephine  aperture,  and  seeing  it  well  up  by  the  side  of 
the  instrument  as  the  bone  is  perforated,  is  very  great.  And  should  it  not  be 
met  with  there,  and  the  dura  mater  appear  bulging,  and  without  jjulsation,  an 
incision  might  even  be  made  through  this  membrane,  in  the  hope  that,  the 
abscess  being  circumscribed,  the  escape  of  the  pus  might  be  facilitated.  If 
pus  is  reached  here  it  will  spirt  out  with  much  force. 

The  absence  of  the  ordinary  pulsatory  movement  of  the  brain  is  an  important 
diagnostic  sign  in  these  cases,  indicating  the  presence  of  pus  either  under  the 
dura  mater  or  in  the  substance  of  the  brain ;  but  if  the  abscess  be  of  moderate 
size  and  situated  in  the  cerebral  substance  the  pulsations  may  persist  and 
even  be  well  marked,  as  in  Hulke's  case  of  successful  trephining  for  cerebral 
abscess.  Should  the  incision  through  the  dura  mater  fail  to  reach  the  pus, 
few  Surgeons  would  have  the  hardihood  to  follow  the  example  of  Dupuytren, 
who  plunged  a  bistoury  into  the  substance  of  the  brain  and  thus  luckily 
relieved  the  patient  of  an  abscess  in  this  situation.  A  careful  search  may, 
however,  be  made  for  the  pus  by  means  of  a  grooved  needle  or  an  aspirator. 
If  the  latter  instrument  be  used  only  a  partial  vacuum  should  be  produced,  other- 
wise the  soft  cerebral  substance  will  be  forced  into  the  needle  and  choke  it. 
Hulke  in  this  way  detected  the  presence  of  an  abscess  in  the  frontal  lobe  of 
the  brain  in  a  boy  aged  15,  seven  weeks  after  he  had  i-cceived  a  blow  on  the 
forehead  causing  a  small  stellate  fracture  of  the  outer  table  of  the  skull  which 
was  not  discovered  at  the  time  of  the  accident.  Tlie  abscess,  which  was 
situated  about  one  inch  below  the  surface  of  the  brain,  was  opened  by  a  knife 
passed  along  the  aspirator  needle,  and  about  5iij  of  thin  greenish  pus  were 
evacuated.  The  boy  recovered,  but  unfortunately  became  completely  blind 
from  atrophy  of  both  optic  papilla  following  on  neuro-retinitis.  Hulke  was 
led  to  infer  the  presence  of  an  abscess  in  this  case  chiefly  by  the  fact  of  hemi- 
plegia supervening  gradually  many  weeks  after  an  injury  to  the  head,  a 
symptom  to  which  he  attaches  much  importance.  In  such  cases  a  careful 
exploration  by  means  of  a  fine  needle  cannot  possibly  increase  the  danger  of 
the  patient  and  may  be  the  means  of  saving  his  life.    Care  must  be  taken, 
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however,  that  the  needle  is  pushed  straight  onwards  in  the  direction  intended, 
all  lateral  movements  being  carefully  a\-oided,  and  in  this  way  several  punc- 
tures in  different  parts  may  safely  be  made.  When  the  paralysis  is  limited, 
as  to  one  limb  or  to  the  face  and  arm,  the  modern  discoveries  as  to  the  localiza- 
tion of  the  functions  of  the  brain  may  serve  as  an  indication  to  the  situation 
of  the  abscess.  In  this  way  Macewen  was  able  to  recognize  the  position  of  a 
cerebral  abscess,  and  the  diagnosis  was  confirmed  by  post-mortem  trephining, 
the  friends  of  the  patient  having  refused  to  permit  the  operation  during  life. 

In  spite  of  the  few  isolated  cases  of  recovery  such  cases  must  necessarily  be 
almost  hopeless.  Though  pus  be  actually  found  under  the  skull,  between  it 
and  the  dura  mater,  and  be  evacuated,  I  fear  that  the  patient's  chances  of 
recovery  will  not  be  very  materially  increased,  as  the  encephalitis  will  continue, 
and  eventually  lead  to  his  death.  In  my  own  experience,  I  have  never  met  with 
a  case  of  recovery  under  these  circumstances  ;  and  P.  Hewett  states  that  the 
successful  termination  of  a  case  of  trephining  for  pus  within  the  skull,  even 
between  it  and  the  dura  mater,  is  all  but  unknown.  Yet,  in  the  face  of  this 
unfavourable  prospect,  it  appears  to  me  that  trephining  is  the  proper  course 
to  pursue.  As  the  pus  cannot  evacuate  itself,  it  is  perfectly  certain  that  death 
must  ensue  if  it  be  not  let  out.  As  the  only  chance  of  life,  therefore,  is  in  the 
use  of  the  trejjhine,  it  appears  to  me  to  be  proper  to  have  recourse  to  this, 
however  doubtful  may  be  the  result. 

The  Treatmeut  of  Pyaemia  from  injury  of  the  skull  must  be  conducted 
on  those  ordinary  medical  principles  that  guide  us  in  the  management  of 
l^yfemia,  from  whatever  cause  arising. 

Summary  of  Treatment. — The  following  treatment  should  be  applied  in 
all  cases  of  head-injury  attended  by  unconsciousness,  whether  special  operative 
interference  be  needed  or  not : — 

1.  The  head  must  be  shaved  and  elevated  on  hard  pillows. 

2.  Any  scalp-wound  treated  antiseptically. 

3.  The  icebag  applied  to  the  head — hot  bottles  to  the  feet. 

4.  From  two  to  five  grains  of  calomel  placed  on  the  tongue. 

5.  The  lower  bowel  emptied  by  a  turpentine  enema  on  the  second  or  third 
day. 

6.  The  room  darkened — the  necessary  fire  and  lights  being  screened. 

7.  No  conversation  in  the  room  allowed — all  noises  avoided — slippers  sub- 
stituted for  creaking  boots— the  coal  put  on  with  the  hand— the  fire  stirred 
with  a  stick. 

8.  The  diet  to  consist  of  spoon-food — iced  milk  or  at  most  chicken-broth, 
thickened  with  arrowroot  or  cornflour. 

9.  If  the  patient  cannot  swallow,  nutritive  enemata  may  be  given  every 
fourth  hour. 


INJURIES    OF   THE  SCALP. 

Contusions  of  the  Scalp  from  blows  are  of  common  occurrence,  and 
present  some  peculiarities.  However  severe  the  contusion  may  be,  it  seldom 
happens  that  the  scalp  sloughs.  This  is  evidently  owing  to  the  great  vascu- 
larity and  consequent  active  vitality  of  the  integuments  of  the  head.  In  many 
cases,  a  contusion  in  this  situation  is  followed  by  considerable  extravasation 
of  blood,  raising  up  the  scalp  into  a  soft  semi-fluctuating  tumour.  lb  occa- 
sionally happens,  especially  in  blows  on  the  heads  of  children,  that  this 
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extravasation  gives  rise  to  the  supposition  that  fracture  exists,  owing-  to  the 
edge  of  the  contusion  feeling  hard,  whilst  the  centre  is  soft,  causing  an  ap- 
parent depression  of  the  subjacent  bone.  In  some  cases,  indeed,  this  deceptive 
feeling  will  occur  without  any  considerable  extravasation  of  blood  under  the 
scalp,  the  depressed  centre  being  due  to  the  compression  of  the  scalp  by  the 
bluw  that  has  been  inflicted  ujjon  it.  This  I  have  seen  occasionally  in 
children  in  whom  the  scalp  is  soft  and  somewhat  spongy.  The  difficulty  of 
distinguishing  between  such  an  extravasation  and  a  piece  of  depressed  bone 
is  often  so  great  as  to  mislead  the  most  experienced  Surgeons,  Usually  it 
can  be  efl'ected  by  feeling  the  smooth  bone  at  the  bottom  of  the  soft  central 
depression,  and  by  an  absence  of  symptoms  of  compression.  If  seen  soon  after 
the  accident  the  raised  edge  can  usually  be  made  to  melt  away  under  the 
finger  by  firm  pressure,  till  the  solid  bone  can  be  clearly  felt  beneath,  at  the 
same  level  as  that  in  the  centre  of  the  swelling.  But  in  the  event  of  doubt, 
if  symptoms  of  compression  of  the  brain  are  present,  it  will  be  safer  to  make 
an  incision,  and  so  to  examine  directly  the  state  of  the  bone  itself. 

The  Treatment  of  contusion  of  the  scalp  is  very  simple  ;  the  continuous 
a])plicati()n  uf  e\a])orating  lotions  being  usually  sufficient  for  the  removal  of 
all  ctfusion.  In  no  circumstances  should  a  puncture  be  made  or  the  blood  let 
out  in  any  ^^•ay.  Contusions  of  the  scalp  in  girls  and  young  women  have  been 
followed  by  severe  neuralgic  pains  in  the  part  struck.  This  aflection  is 
extremely  rebellious  to  treatment ;  but  in  two  cases  which  I  have  seen,  after 
lasting  for  a  long  time,  these  symptoms  gradually  disappeared.  In  such  cases, 
incisions  down  to  the  bone  are  said  to  have  sometimes  been  beneficial, 

Cephalh.ematoma, — It  occasionally  happens  that  bloody  tumours  of  the 
scalp  form  in  newly-born  children,  either  from  contusion  of  the  head  in  con- 
sequence of  the  pressure  to  which  ifc  is  subjected  in  its  passage  ;  or  from  the 
bruising  of  obstetric  instruments.  These  tumours,  which  are  often  large  and 
fluctuating,  are  termed  cephalhsematomata.  They  may  occur  in  two  situa- 
tions, either  hetween  the  apomurotic  structures  of  the  scalp  and  tlie  pericrcmiimi, 
or  heticecH  this  memhane  and  the  skull  itself. 

The  Subaponeurotic  Cephalhaematoma  is  by  far  the  most  common 
variety.  It  usually  forms  a  large,  soft,  fluctuating  tumoiu',  situated  upon  one 
of  the  parietal  eminences,  and  having  a  somewhat  indurated  circumference. 
The  tumour  Avill  usually  subside  in  a  few  days  under  the  use  of  discutient 
lotions. 

The  SubpeHcranial  Cephalh8eniatonia  is  an  injury  of  somewhat  rare 
occuiTcnce  ;  it  has  been  described  by  Zeller,  Valleix,  and  others.  It  appears 
as  a  fluctuating  tumour,  almost  invariably  seated  on  one  parietal  bone,  without 
discolouration  of  the  scalp,  but  with  a  hard  elevated  circle  around  it,  and  a  soft 
depressed  centre,  almost  communicating  the  sensation  of  a  hole  in  the  cranium. 
Pressure,  however,  gives  rise  to  no  cerebral  symptoms,  and  enables  the  Surgeon 
to  feel  the  bone  at  the  bottom  of  the  depression.  These  tumoui's  are 
usually  small,  seldom  more  than  two  inches  in  diameter,  and  it  occasionally 
happens  that  they  are  multiple.  It  is  worthy  of  note,  however,  that  each 
tumour  is  always  confined  to  a  separate  bone,  never  passnig  beyond  the  sutures, 
where  the  adhesions  are  the  strongest  between  the  pericranium  and  the  subja- 
cent osseous  structure.  This  afl'ection  is  said  to  be  most  frequently  met  with 
in  children  born  in  first  confinements,  and  is  more  connnon  in  boys  than  in 
girls  ;  according  to  Bouchard,  in  the  proportion  of  thirty-four  to  nine. 
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The  Pathology  of  this  affection  has  been  studied  by  Valleix,  who  found 
that  the  pencraniuin  was  separated  from  the  bone  by  an  extravasation  of 
blood,  and  that  both  bone  and  pericranium  were  covered  with  decolourized 
clot,  but  otherwise  healthy  ;  the  fluid  in  the  centre  was  the  serum  from  the 
coagulated  blood.  He  found  also  that  the  hard  circle  surrounding  the  depres- 
sion Avas  formed  by  a  deposit  of  osseous  tissue  in  the  angle  formed  by  the 
raised  periosteum  and  the  bone  beneath.  This  deposit  was  effected  in  such  a 
way  that,  on  a  transverse  section  being  made,  the  inner  wall  was  found  nearly 
perpendicular,  whilst  the  outer  sloped  down  upon  the  cranium,  thus  giving  a 
crateriform  appearance  to  the  margin  of  the  tumour. 

The  Treatment  must  be  conducted  upon  precisely  the  same  principles 
as  that  of  the  other  forms  of  extravasation.  If  seen  early,  the  fluid 
is  best  removed  by  means  of  an  aspirator.  Occasionally  it  fills  again  after 
this,  and  the  operation  must  then  be  repeated.  The  same  treatment  may 
be  followed  with  advantage  even  after  the  bony  rim  has  formed  round  the 
swelling. 

WouxDS  OF  THE  ScALP  are  of  very  common  occurrence,  and  arc  more 
serious  than  corresponding  injuries  elsewhere,  especially  in  persons  about  the 
middle  period  of  life,  and  of  unhealthy  or  broken  constitution.  Not  only  are 
these  injuries  said  to  be  more  likely  to  be  followed  by  erysipelas  than  those  of 
other  parts  of  the  l)ody,  but  the  great  tendency  to  the  propagation  of  inflam- 
matory mischief  inwards  to  the  encephalon,  and  to  the  complication  of  cerebral 
mischief,  often  accompanying  comparatively  slight  injuries  of  the  scalp,  gives 
to  these  accidents  much  of  their  serious  and  often  fatal  character.  But, 
though  there  be  this  danger  to  life  in  scalp-injuries,  there  is  comparatively 
little  risk  to  the  scalp  itself ;  its  supply  of  blood  is  so  abundant,  and  its 
vitality  consequently  so  great,  that  sloughing  seldom  occurs,  even  though  the 
part  be  much  1)ruised  and  seriously  lacerated. 

The  Treatment  of  wound  of  the  scalp  necessarily  varies  somewhat  accord- 
ing to  the  nature  of  the  injury.  If  this  be  a  simple  cut,  it  will  be  sufficient, 
after  shaving  the  parts  around  and  cleansing  the  wound,  to  bring  it  together 
with  a  strip  or  two  of  adhesive  plaster,  and  to  dress  it  as  lightly  as  possible. 
If  the  incision  in  the  scalp  be  extensive,  the  lips  of  the  wound  must  be 
brought  together  by  a  few  points  of  metallic  suture,  or  by  hare-lip  pins.  If 
there  be  arterial  hasmorrhage,  this  may  usually  be  best  arrested  by  the  pressure  of 
a  pad  and  bandage,  the  firm  bone  beneath  providing  excellent  counter-pressure. 
Should  this  not  be  convenient,  the  bleeding  vessels  may  usually  be  secured 
without  difficulty  by  ligature  or  torsion,  although  occasionally  some  trouble 
may  be  caused  by  the  density  of  the  tissues  in  which  the  vessels  are  lying. 
Should  other  means  fail,  a  pin  may  be  passed  beneath  the  artery,  and  com- 
pression made  over  it  by  a  figure-of-8  suture.  In  this,  as  in  all  other  cases  of 
injury  of  the  head,  especial  attention  should  be  paid  to  the  state  of  the  brain ; 
for,  however  slight  the  external  wound  may  be,  serious  cerebral  mischief  may 
have  been  occasioned. 

It  more  frequently  happens  that  the  scalp  is  bruised  and  lacerated  as  well  as 
wounded  ;  and  very  commonly  that  a  large  flap  of  integument  is  stripped  off 
the  skull,  and  is  thrown  down  over  the  face  or  ear,  so  as  to  denude  the  bones. 
In  these  cases,  advantage  is  taken  of  the  great  vitality  of  tlie  seal]!.  However 
extensively  contused  or  lacerated  this  may  be,  however  much  it  may  be  begrimed 
with  dirt,  it  is  a  golden  rule  in  surgery  not  to  cut  any  portion  of  it  away,  but, 
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after  shaving  the  head  and  lisjaturing  any  bleeding  vessels,  to  wash  and  clean 
it  thoroughly,  and  replace  it  in  its  proper  position.  Here  it  must  be  retained 
by  the  support  of  a  few  strips  of  plastei-,  or  by  the  application  of  a  suture  or 
two  at  the  points  of  greatest  traction  :  for  this  purpose,  thick  sih  er-wire  is 
better  than  silk  or  thread.  The  use  of  sutures  has  been  deprecated  by  many 
Surgeons  in  injuries  of  the  scalp,  as  tending  to  favour  erysii)elas ;  un- 
doubtedly, much  mischief  will  arise  if  an  attempt  be  made  to  stitch  up  the 
wound  closely,  and  in  sniall  woimds  sutures  are  generally  unnecessary.  But  in 
extensive  lacerations,  more  particularly  of  the  anterior  part  of  the  scalp,  where 
the  soft  parts  are  stripped  off,  and  hang  over  the  occiput  as  the  patient  lies 
down,  they  cannot  be  dispensed  with  :  and  here  I  have  never  seen  any  but  the 
best  conse(piences  follow  their  use  at  those  points  where  the  torn  surfaces 
can  be  readily  approximated.  In  cases  of  this  kind,  the  under  surface  of 
the  scalp  granulates,  and  union  by  the  second  intention  takes  place  between 
it  and  the  pericranium.  In  the  majority  of  cases,  dry  dressings  will  be 
found  most  efficient.  Pads  of  iodoform-Avool,  salicylic  wool  or  silk,  or  some 
other  dry  absorbent  antiseptic  preparation,  may  be  applied,  and  secured  with  a 
bandage,  so  as  to  exert  a  gentle  elastic  pressure  and  to  retain  the  separated 
parts  in  apposition  and  at  perfect  rest,  while  at  the  same  time  the  accumula- 
tion of  discharges  is  prevented.  Such  a  dressing  may  frequently  be  left  un- 
touched for  a  week  or  ten  days,  at  the  end  of  which  time  union  will  be  perfect. 
The  indications  for  removing  it  earlier  are  an  offensive  smell  of  i:)utrefaction, 
a  rise  of  temperature,  pain,  or  a  puffy  swelling  of  the  scalp  beyond  the 
dressing.  The  patient  should  be  freely  purged,  and  kept  perfectly  at  rest  on  a 
rather  low  diet ;  any  cerebral  symptoms  that  occur  being  treated  iu  accordance 
with  the  principles  laid  down  in  discussing  traumatic  affections  of  the  brain. 
In  this  way,  union  will  very  probably  take  place  through  the  greater  portion 
of  the  injured  surface  ;  should  it  not  do  so,  however,  or  should  any  part 
slough,  granulations  spring  up,  and  repair  goes  on  with  surprising  rapidity. 
If  pus  form  beneath  the  aponem-osis  of  the  occipito-fron talis  muscle,  bagging 
must  be  prevented  by  early  counter-openings,  and  by  the  employment  of  com- 
pression in  proper  directions. 

It  is  important  to  make  the  diagnosis  between  erysipelas  of  and  diffuse 
suppuration  under  the  scalp.  This  may,  as  a  rule,  be  done  by  ol»ser\  ing  that 
in  erysipelas  the  red  tumefaction  of  the  scalp  extends  from  the  margins  of  the 
wound,  and  early  stretches  beyond  the  true  limits  of  the  pericranium,  invading 
the  eyelids,  attacking  the  ears,  and  extending  to  the  face  and  neck ;  whilst  in 
suppuration  beneath  the  pericranial  aponeurosis  the  mischief  is  limited  by  the 
attachment  of  that  membrane.  The  pericranial  aponeurosis  or  tendon  of 
the  occipito-frontalis  muscle  is  firmly  attached  to  the  fat  and  fascia  super- 
ficial to  it,  whilst  it  is  connected  in  the  loosest  manner  possil)le  wath  the 
parts  underneath.  This  arrangement  is  often  of  great  service  in  protecting 
the  skull  from  fracture,  especially  when  the  head  is  caught  between  two  solid 
bodies,  as,  for  example,  the  wdieel  of  a  cart  and  the  ground ;  the  scalp  is 
then  torn  off  and  the  head  slips  away,  thus  escaping  further  injury.  In 
suppuration  occurring  under  the  tendon  of  the  occipito-frontalis,  the  pus 
gravitates  to  the  most  dependent  parts  until  arrested  by  the  attachments  of 
the  aponeurosis.  These  attachments  are  as  follo^v.  Posteriorly,  the  fleshy 
bellies  and  tendon  are  attached  to  the  superior  curved  line  of  the  occipital 
bone,  and  to  mastoid  process  along  line  of  insertion  of  sterno-mastoid. 
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Laterally,  the  tendon  is  thin,  covered  in  part  by  the  attollens  and  attrahcus 
aureni,  and  in  front  of  the  ear  runs  down,  supcrhcial  to  temporal  fascia,  to  be 
attached,  like  it,  to  the  zygoma  ;  pus  gravitating  in  this  direction,  therefore, 
forms  a  bag  of  fluid  just  abo^-e  tlie  zygoma,  never  extending  into  the  cheek. 
In  front,  the  fleshy  fibres  of  the  muscle  are  blended  with  those  of  the 
corrugator  supercilii  and  the  orbicularis  j)alpebrarum  ;  while  in  the  middle 
line  they  are  continued  down  over  the  nose  into  those  of  the  pyramidalis 
nasi  ;  and  the  pus  under  this  part  will  therefore  collect  in  the  upper  eyelids, 
and  in  a  pouch  over  the  root  of  the  nose. 

When  the  wound  is  too  tightly  closed,  either  by  sutures  or  by  a  pad  of  lint 
allowed  to  stick  to  it  by  the  dried  blood,  the  serous  fluid,  necessarily  effused 
in  the  first  few  hours,  forces  its  way  into  the  loose  areolar  tissue 
beneath  the  pericranial  aponeurosis.  If  the  wound  be  small  it  may  possibly 
occur  that  the  fluid  is  absorbed,  and  the  wound  heals  without  trouble. 
Frequently,  however,  it  distends  the  lymph-spaces  and  decomposes,  and  thus 
starts  a  spreading  inflammation  which  may  afl'ect  the  whole  of  the  subaponeu- 
rotic areolar  tissue.  This  septic  cellulitis  commences  usually  about  the  third 
day  after  the  injury,  and  terminates,  as  such  inflammations  generally  do,  in 
diffuse  suppuration  and  sloughing  of  the  cellular  tissue.  There  is  a  general 
puffy  swehing  of  the  scalp  and  diffused  redness,  often  extending  over  the  face, 
and  it  is  probable  that  this  state  of  things  has  often  been  confounded  with 
erysipelas,  and  has  given  rise  to  the  idea  that  stitches  in  the  scalp  cause  that 
disease.  This  condi  tion  is  frequently  fatal,  especially  in  old  people,  unless  actively 
and  efficiently  treated ;  death  occurring  either  from  septic  poisoning,  pyemia,  or 
exhaustion.  As  soon  as  pain,  with  some  swelling  round  the  wound  and  elevation 
of  temperature,  raise  a  suspicion  that  diffuse  inflammation  is  spreading  from  the 
wound,  all  dressings  should  be  removed.  It  will  frequently  be  found  that 
edges  of  the  wound  are  adhering  to  each  other  ;  if  this  be  the  case  they  must 
be  separated  with  a  director,  when  a  small  quantity  of  thin  offensive  pus 
frequently  escapes.  A  hot  .dressing  of  boracic-acid-lint  may  then  be  applied, 
and  covered  over  with  oil-silk,  and  over  this  a  sheet  of  cotton-wool  and  a 
bandage.  This  must  be  changed,  like  a  poultice,  about  every  four  hours.  In 
most  cases  this  treatment  will  be  successful  in  arresting  the  unhealthy  inflam- 
mation, but  should  it  fail  and  the  cellulitis  extend  more  Avidely,  it  will  be 
necessary  to  make  free  incisions,  reaching  through  the  pericranial  aponeui'osis 
wherever  the  inflammation  has  extended.  Before  doing  this  the  head  must 
be  shaved ;  without  this  clcanHness  is  impossible.  It  is  more  essential  that 
this  should  be  done  with  women  even  than  with  men,  however  much  they 
may  object,  as  their  hair  is  longer.  The  incisions  should  be  each  about  one 
inch  in  lengtli,  and  vary  in  number  according  to  the  extent  of  the  mis- 
chief. They  must  be  carefully  planned  so  as  to  avoid  the  main  arteries. 
After  bleeding  has  been  arrested  hot  dressings  must  be  appHed  as  before 
described. 

Simple  erysipelas  after  a  scalp  wound  presents  nothing  special  in  its 
treatment. 

When  the  skull  itself  is  extensively  denuded  in  consequence  of  the  peri- 
cranium being  stripped  off  the  subjacent  bone  together  with  a  flap  of  the  scalp, 
it  does  not  necessarily  follow  that  necrosis  and  exfohation  of  the  exposed  bone 
Avill  occur.  Tlie  flap  must  be  laid  down  on  the  denuded  osseous  surface,  to 
which  it  may  possibly  contract  adhesion  through  the  medium  of  granulations. 
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Should  it,  however,  slough,  and  a  laro-e  portion  of  the  skull  be  exposed, 
exfoliation  of  the  outer  table,  though  probable,  does  not  necessarily  happen ; 
for.  in  some  cases,  granulations  will  spring  up  on  the  exposed  portion  of  tlie 
skull,  and  a  covering  be  formed  to  the  bone. 

FRACTUEES  OP  THE  SKTJLL. 

Injm-ies  of  the  Bones  of  the  Skull,  especially  Fracture,  possess  great  interest, 
not  so  much  fi'om  the  lesion  of  the  bone  itself,  as  from  its  frequent  complication 
with  iujury  of  the  brain  and  its  membranes.  This  cerebral  complication  may 
either  be  produced  by  direct  injury,  the  fragments  of  the  fractured  bone  com- 
pressing or  wounding  the  brain  ;  or  it  may  be  the  result  of  concussion  or 
laceration  of  the  brain  by  the  same  violence  that  causes  the  fracture. 

Bending-in  of  the  Cranial  Bones  without  Fracture  is  an  accident  that 
may  occur  in  infants  and  young  children,  before  the  bones  of  the  skull  are 
completely  ossified.  In  several  instances,  the  disjjlaced  bone  has  been  raised  by 
aspiration  with  an  india-rubber  sucker.  But  no  harm  comes  of  leaving  the  bone 
depressed,  as  it  will  generally  recover  its  proper  level  in  time. 

Contusion  of  the  Cranial  Bones  without  fracture,  occasioned  either  by 
ordinary  direct  violence  or  by  the  obhque  impact  of  bullets,  is  a  very  serious 
injury,  more  particularly  when  complicated  with  wound  of  the  scalp.  In  it 
there  are  four  sources  of  danger,  any  one  of  which  may  be  followed  by  a  fatal 
result  ;  viz.  :  1.  Necrosis  of  the  part  of  bone  struck,  leading  to  exfoliation  of 
the  outer  table,  or  to  separation  of  the  whole  thickness  of  the  cranium  and  ex- 
posure of  the  dura  mater ;  2.  Suppuration  under  the  bone,  between  it  and 
the  dura  mater  ;  6.  Pyfemia  with  secondary  visceral  abscesses,  consequent 
on  suppuration  of  the  diploe  around  the  necrosed  point  of  bone,  and  the 
entrance  of  jdus  into  the  cranial  veins — a  condition  to  which  reference  has 
already  been  made  ;  and,  ^.  Laceration  of  the  brain  immediately  beneath  the 
point  struck,  or  at  the  corresponding  spot  on  the  opposite  side  of  the  brain. 
The  former  condition  occurs  only  when  the  blow  is  very  violent,  sudden, 
and  limited  to  a  small  ai-ca,  as  when  the  skull  is  grazed  by  a  bullet.  Under 
other  circumstances  the  chief  laceration  is  always  on  the  opposite  side  of  the 
brain. 

The  following  statement,  taken  from  the  records  of  the  War-Department  of 
the  United  States  army,  gives  a  good  summary  of  the  results  of  gun-shot  con- 
tusions of  the  skull  without  fi'acture,  or,  at  any  rate,  in  which  the  fracture  was 
limited  to  the  inner  table.  In  many  of  these  there  was  without  doubt  some 
superficial  laceration  or  bruising  of  the  brain. 

Of  328  cases,  there  died  55  ;  were  disabled,  178  ;  recovered,  100.  The  deaths 
arose  from  h^mon-hage,  2  ;  tetanus,  4  ;  pyasmia,  4  ;  dysentery  and  fcA'er  8  ; 
compression  from  blood  or  pus,  17  ;  various  intracranial  injuries,  20. 

In  221  cases  the  seat  of  injuiy  is  mentioned  with  the  percentage  of  mortality 
as  follows : — 

Frontal  bone 
Temporal  „ 
Parietal  „ 
Occipital  „ 
More  than  one  bone 


Cases.  Deaths  per  cent. 

54  .  15 

33  .  15 

95  .  13 

33  .  9 

G  .  0 
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This  shows  these  injuries  to  be  most  dangerous  in  the  temiwral  and  frontal 
regions,  and  least  so  in  the  occipital. 

Amongst  the  173  disabled,  the  following  complications  are  specified  as  the 
causes  of  the  disability : — 

10  Persistent  pain  in  the  head.    Yertigo,  giddiness,  and  dizziness  were 

some  of  the  commonest  complaints  among  pensioners. 
23  Paralysis  of  limbs  more  or  less  marked. 
10  Impairment  of  vision  ;  wound  mostly  in  frontal  region. 
14  Impairment  of  hearing  ;  wounds  mostly  in  parietal  and  temporal 
regions,  but  some  frontal  and  some  occipital. 
0  Epilepsy. 
10  Insanity. 

Fractures  of  the  Skull  are  invariably  the  result  of  external  violence. 
This  may  act  directlij  in  breaking  and  splintering  the  part  struck,  the  fissures 
often  extending  to  a  considerable  distance  and  detaching  large  portions  of  the 
skull ;  or  the  violence  may  act  in  an  indirect  manner,  producing  the  fracture 
either  without  being  applied  immediately  to  the  cranium,  or  else  at  an  opposite 
part  of  the  skull  to  that  which  is  struck.  Thus  the  base  of  the  skidl  may  be 
fractured  by  the  shock  communicated  to  it  when  a  person,  falling  fi-om  a 
height,  strikes  the  ground  heavily  with  his  feet.  A  variety  of  indirect  frac- 
ture in  which  the  lesion  occurs  at  a  point  of  the  skull  opposite  to  that  which 
has  been  struck  has  received  the  name  of  Fracture  by  Contrecoup. 

Fracture  "by  Contrecoup  has  been  described  by  some  Surgeons  as  of 
frequent  occurrence,  whilst  it  has  been  denied  by  others.  Aran  laid  down  as 
an  absolute  rule  that  all  fissured  fractures  without  exception  start  from  the 
point  in  the  skull  to  which  the  violence  has  been  applied.  Every  hospital 
Surgeon  must,  however,  occasionally  have  met  with  fissures,  especially  in  the 
thin  parts  of  the  base  of  the  skull,  which  could  not  be  traced  to  the  point  in 
the  vault  which  directly  received  the  injury,  but  such  cases  are  undoubtedly 
very  rare.  Moreover,  it  must  not  be  concluded  at  once  that  such  fissures  are 
the  result  of  contrecoup.  A  man  may  receive  a  "s-iolent  blow  on  the  fi-ontal 
bone,  Avounding  the  scalp,  and  the  fracture  may  be  found  in  the  occipital 
region.  In  such  a  case,  it  often  happens  that  the  fissure  was  really  caused  bv 
a  blow  on  the  back  of  the  head  received  in  falling.  In  other  cases  in  which 
the  patient  falls  directly  on  the  vertex  and  ft'acturcs  the  base  of  the  skull,  the 
fracture  is  often  caused  by  the  weight  of  the  body  communicated  through  the 
vertebral  column  to  the  condyles  of  the  occipital  bone.  It  has  been  shown 
experimentally  by  C.  Bell,  Bruns,  and  Felizet,  that  the  skull  possesses  a  consider- 
able degree  of  elasticity,  and  that  w^hen  a  violent  force  such  as  a  blow  acting 
on  a  considerable  extent  of  the  surface,  or  powerful  pressure  is  applied  to  it,  it 
undergoes  an  alteration  in  shape  not  merely  at  the  point  struck,  but  as  a 
whole.  There  is  a  shortening  of  the  diameter  corresponding  to  the  direc- 
tion of  the  force,  wdth  lengthening  of  the  other  diameters.  Thus,  a  force 
applied  to  the  vertex  tends  to  shorten  the  vertical  diameter,  and  to  cause 
a  corresponding  lengthening  of  the  antero-posterior  and  transverse  diameters. 
A  skull  thus  squeezed  out  of  shape  may  yield  at  the  weakest  part,  and  a  fissure 
may  thus  be  formed  at  a  point  remote  from  that  to  which  the  force  w^as 
applied,  although  much  more  commonly  the  blow  determines  the  startino- 
point  of  the  fissure.  That  the  fissures  in  a  fractured  skull  may  actuallv 
gape  at  the  moment  and  close  again  as  soon  as  the  force  ceases  to  act,  is  occa- 
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sionally  proved  by  the  presence  of  foreign  bodies  tightly  grasped  in  them. 
Thus,  hairs  lla^■e  been  found  firmly  held  in  the  crack,  and  Hotfmann  records  a 
case  in  ^Yhich  a  fold  of  dura  mater  was  nipped  in  a  fissured  fracture.  The 
rending  force  thus  exerted  by  the  compression  of  the  skull  in  one  direction  and 
its  elongation  in  another  explains  perhaps  more  readily  than  any  other  theory 
the  distance  to  which  a  fissure  often  extends,  and  the  way  in  which  it  often 
follows  for  a  certain  distance  along  the  line  of  a  suture,  entering  the  solid 
hone  again  when  the  suture  comes  to  an  end,  and  also  the  fact  tliat  a  foramen, 
even  the  foramen  magnum,  offers  no  impediment  to  the  extension  of  the 
fracture. 

In  certain  cases  the  thin  orbital  plates  of  the  frontal  bone  have  been  found 
to  be  fissured  after  violent  blows  on  the  l)ack  of  the  head,  and  in  these  it  has 
been  suggested  that  the  fractures  resulted  from  the  impact  of  the  brain  sub- 
stance driven  against  the  bone  by  the  force  of  the  blow. 

If  all  these  diflFerent  forms  of  fracture  be  excluded,  but  little  is  left  that  needs 
the  theory  of  conirecoup  for  its  explanation. 

Although,  therefore,  Aran's  rule,  that  all  fissures  radiate  from  the  point 
struck,  is  not  absolutely  accurate,  yet  it  is  so  nearly  so  that  it  forms  the  best 
guide  we  have  to  the  course  of  a  fracture.  Thus,  if  we  have  clear  evidence 
that  a  man  has  received  a  blow  on  the  parietal  eminence,  and  he  has  profuse 
bleeding  from  the  nose,  we  may  reasonably  conclude  that  the  fracture  roughly 
corresponds  to  a  line  drawn  from  the  point  struck  to  the  cribriform  plate.  In 
a  case  uniler  my  care  in  University  College  Hospital  the  patient  had  recei^'ed 
a  violent  blow,  not  causing  a  wound,  on  the  right  occipital  region,  and  was 
bleeding  freely  from  the  left  ear.  Soon  after  admission  the  respiration  became 
greatly  embarrassed  without  any  signs  of  general  compression  of  the  brain. 
Following  Aran's  rule,  the  diagnosis  made  was,  that  a  fissured  fracture  crossed 
the  foramen  magnum,  and  that  extravasated  blood  was  pressing  on  the  medulla 
oblongata ;  a  conclusion  which  was  confirmed  by  the  post-mortem  examination. 

Fissured  Fracture. — An  ordinary  undepressed  fracture  of  the  skull 
consists  in  a  fissure,  sometimes  single,  at  other  times  starred,  extending  often 
to  a  considerable  distance  through  the  bones,  radiating  sometimes  across  the 
skull,  and  in  other  cases  completely  detaching  its  upper  from  its  lower  part,  or 
its  anterior  from  its  posterior  segment.  In  some  cases  the  fi-acture  extends 
into  one  of  the  sutures  ;  and  in  other  instances,  which,  however,  are  very  rare, 
the  sutures  are  separated  without  any  fracture. 

A  fissured  fracture  usually  results  from  direct  violence,  but  is  also 
the  only  form  of  fracture  that  can  possibly  arise  by  controcoup.  A  fissure 
gives  rise  to  no  signs  by  which  its  diagnosis  can  be  effected,  and  often 
escapes  detection  altogether,  more  particularly  when  the  scalp  covering  it  is 
not  wounded,  or,  if  contused,  when  so  large  a  quantity  of  blood  is  extravasated 
as  to  render  it  impossible  for  the  Surgeon  to  feel  the  subjacent  bone.  If, 
however,  the  scalp  covering  the  injured  bone  have  been  wounded,  the  existence 
of  a  fracture  may  be  ascertained  by  running  the  finger-nail,  or  the  end  of  a 
probe,  OA-er  the  exposed  surface  of  the  bone,  or  by  seeing  a  fissure  which 
remains  filled  with  blood  after  wiping  the  surfixce,  or  from  which  blood  may  be 
freely  oozing. 

As  the  whole  importance  and  danger  of  fracture  of  the  skull  depend,  not 
upon  the  injury  that  the  bone  has  sustained,  but  on  the  concomitant  or  secon- 
dar}'  lesions  of  which  the  contents  of  the  cranium  may  be  the  seat,  no  special 
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Trecdmmt  is  required  for  the  fracture  itself  when  simple  and  undepressed,  the 
Suro-eon's  whole  attention  being-  directed  to  the  injury  that  may  have  been 
inflicted  on  the  brain  or  scalp.  Should  the  fracture  be  compound  the  wound 
should  be  carefully  cleansed  with  carbolic  lotion  (1  in  20),  and  some  antiseptic 
dressiu?,'  applied.  The  patient's  safety  depends  to  a  great  extent  upon  the 
prevention  of  decomposition.  In  all  fissured  fractures  there  is  necessarily 
some  l)lood  extravasated  between  the  dura  mater  and  the  bone,  as  Avell  as  in 
the  diploe,  sui")posing  the  fracture  to  be  in  a  part  where  this  exists.  If  this 
extravasated  blood  should  decompose,  the  patient  would  run  all  the  dangers  of 
suppuration  between  the  dura  mater  and  bone  or  septic  inflammation  of  the 
diploe.  Moreover,  it  is  always  possible  that  the  dinra  mater  may  be  torn  even 
beneath  a  simple  fissure,  though  fortunately  this  is  rare.  Should  this  however 
have  taken  place,  and  decomposition  of  the  discharges  occur,  the  danger 
of  septic  meningitis  setting  in  is  very  great ;  and  should  this  happen,  the 
death  of  the  patient  is  a  certain  consequence.  After  the  wound  has  been 
cleaned  it  may  be  dressed  with  Lister's  gauze  or  with  iodoform  or  salicylic 
wool  secured  by  a  bandage.  Should  this  not  be  available,  lint  dipped  in 
carbolic  oil  (1  in  10)  or  in  equal  parts  of  glycerine  of  carbolic  acid,  and 
water,  forms  an  excellent  dressing. 

Although  the  most  important  precautionary  measures  for  guarding  against 
inflammation  of  the  brain  and  its  membranes  are  doubtless  those  intended  to 
prevent  septic  processes  in  the  wound,  yet  other  measures  should  on  no 
account  be  neglected.  The  head  should  be  shaved  if  this  has  not  already  been 
done  in  dressing  the  wound,  and  cold  may  be  applied.  This  can  easily  be 
done  over  Lister's  dressing  or  over  the  carbolic  oil,  but  it  can  hardly  be 
efficiently  employed  over  iodoform  or  salicylic  wool ;  and  this,  perhaps,  in  some 
cases  forms  an  objection  to  their  use.  Care  must  be  taken  in  all  cases  not  to 
soak  the  dressing  Avith  water  oozing  through  a  half-putrid  liladder  ;  the  india- 
rubber  ice-cap  should  be  used  when  possible,  or  if  that  be  not  at  hand  a  com- 
mon sponge-bag  will  answer  the  purpose  fairly  well.  The  bowels  should  l^e 
well  opened,  and  the  room  kept  cool  and  quiet.  Should  any  symptoms  of 
inflammation  of  the  brain  make  their  appearance,  free,  and  if  need  be,  repeated 
bleeding  is,  perhaps,  of  more  service  than  any  other  means,  and  should  never 
be  omitted,  except  in  feeble,  very  young,  or  aged  subjects. 

In  Chronic  Hydrocephalus,  the  cranial  bones  are  thinned  and  expanded  ; 
but,  being  at  the  same  time  preternaturally  elastic  and  mobile,  they  are 
seldom  fractured.  When  they  are  so  injured,  the  presence  of  the  water  may 
save  the  brain  from  the  direct  effects  of  the  blow.  In  one  case  that  was  under 
my  care,  the  hydrocephalic  child  fell  from  the  top  of  a  house  on  to  its  head, 
and  sustained  a  long  fracture  through  the  left  side  of  the  skull,  but  without 
any  scalp  wound.  Shortly  after  the  accident,  a  large  soft  fluctuating  tumour 
formed  under  the  scalp  opposite  the  line  of  fi-acture  ;"and,  on  this  being  tapped, 
about  three  ounces  of  cerebro-spinal  fluid  were  drawn  off".  This  operation  was 
repeated,  but  the  child  died  ahout  ten  days  after  the  injury,  Avith  hemipleo-ia  of 
the  opposite  side,  and  Anth  convulsions. 

Fracture  of  the  Bare  of  the  Skull.— The  most  serious,  and  indeed  a 
very  commonly  fatal  form  of  fissure  or  simple  fracture  of  the  skull,  is  that 
which  extends  through  its  lasc.  It  may  occur  in  three  ways.  1.  This  injury 
is  usually  caused  by  direct  violence,  as  by  a  fall  or  a  blow  upon  the  vertex  or 
side  of  the  head,  producing  a  fracture  which  extends  from  the  point  strack 
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across  to  the  base  of  the  skull,  after  running-  through  the  petrous  portion  of 
the  temporal  bone  or  into  the  foramen  magnum.  2!  It  may  also  possibly  take 
plac€  as  the  result  of  contrecoiq),  the  blow  being  received  on  the  forehead,  back, 
or  side  of  the  head,  and  the  jar  of  the  bones  expending  its  greatest  violence  on 
and  fracturing  the  base  of  the  skull ;  and  3,  by  the  impact  of  the  spine  against 
the  condyles  of  the  occipital  bone  causing  a  fracture  that  radiates  from  the 
foramen  magnum.  This  kind  of  fracture  of  the  bone  is  well  illustrated  by  the 
annexed  cuts  (Figs.  310,  331),  taken  from  patients  of  mine  who  fell  from  a 
height  on  the  head.    The  eflfects  will  vary  according  to  the  character  of  the 


Fig.  ."ilO.— Spliiiteriii,!,'  of  ed^es  of  tlie  F<ini-  Fig.  .Sll.— Fracture  of  Base  liy  Fall  on  Vortex, 

men  Magimra  and  Radiating  Fiacture  of  Both  Condyles  broken  oft'  and  driven  in. 

Base  of  bkull  from  Fall  on  Vertex.  Vertex  was  fissm-ed. 


surface  on  which  the  person  falls.    If  it  be  hard,  as  stone,  the  vertex  will  be 
smashed  in,  and  if  there  be  fracture  of  the  base,  it  will  be  occasioned  in  the 
first  way.    If  the  head  strike  soft  ground,  the  body  will  be  violently  projected 
against  the  base  of  the  skull,  and  this  variety  of  fracture  may  be  occasioned  by 
the  force  of  the  impact  ;  and  it  has  occurred  as  the  consequence  of  alighting 
on  the  feet  from  a  great  height,  when  the  shock  has  fissured  tlie  occipital  bone 
from  the  edge  of  the  foramen  magnum  outwards.    One  great  danger  in  these 
cases  arises  fi'om  the  concomitant  injury  to  the  brain,  either  by  direct  lacera- 
tion or  by  the  extravasation  of  blood  on  its  under  surface.    The  important 
nervous  centres  that  lie  directly  upon  the  parts  of  the  skull  that  are  broken 
are  specially  liable  to  injury,  and  free  hemorrhage  often  takes  place  from  a  torn 
sinus  or  a  ruptured  cerebral  artery.    Another  danger  of  equal  importance  is 
septic  meningitis,  which  kills  a  considerable  number  of  these  cases.    Its  occur- 
rence is  explained  by  the  fact  that  a  very  large  proportion  of  all  fractures  of 
the  base  of  the  skull  are  compound.    All  cases  which  implicate  the  tympanum 
with  rupture  of  the  membrana  tympani,  all  those  which  fracture  the  basilar 
process  and  tear  the  mucous  membrane  at  the  upper  part  of  the  pharynx,  and  all 
those  implicating  the  sphenoidal  sinus  and  the  cribriform  plate  of  the  ethmoid 
are  compriund  fractures,  and  are  exposed  to  all  the  accidents  to  which  those 
injuries  a<re  liable.    A  good  example  of  the  way  in  which  such  injuries  may 
VOL.  I.  3  a 
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prove  fatal  occnrred  in  a  case  under  my  care  in  University  Collc,o-e  Hospital  in 
1872.  The  patient  was  a  woman,  aged  twenty-seven,  who  fell  from  a  first- 
floor  window  into  the  street  below.  She  received  a  violent  blow  on  the  face, 
fracturing  the  upper  and  lower  jaws,  the  zygomatic  arches,  and  the  nasal 
bones.  She  soon  recovered  consciousness,  and  showed  no  signs  of  serious 
cerebral  injury.  However,  on  the  second  day  symptoms  of  meningitis  set  in, 
and  on  the  third  day  she  died  comatose.  The  pod-moricm  examination  showed 
the  usual  signs  of  septic  meningitis,  and  the  source  of  the  mischief  was  found 
to  be  a  small  puncture  of  the  dura  mater  made  by  a  triangular  fragment  of  the 
thin  bony  roof  of  the  sphenoidal  sinus  which  had  become  displaced  vertically, 
opening  up  the  sinus  below  l)y  tearing  the  mucous  membrane.  The  fragment 
Avas  isolated  by  the  branches  of  a  fissured  fracture  which  extended  backwards 
from  the  frontal  bone,  but  at  no  other  part  was  the  dura  mater  injm-ed.  The 
brain  showed  superficial  bruises  in  the  frontal  lobes. 

Fractures  of  the  Base,  though  usually  fatal,  are  not  invariably  so.  Not  only 
does  it  occasionally  happen  that  patients  with  all  those  signs  of  fracture  of  the 


Fig.  312.— Fracture  of  Base  of  Skull  implicating  the  Tympanum. 


base  of  the  skull,  which  will  immediately  be  described,  are  seen  to  make  a 
complete  recovery,  but  in  the  different  ]\Iuseimis  sjiecimens  illustrative  of 
recovery  after  this  accident  may  be  met  with.  Thus,  in  the  College  of 
Surgeons'  Museum,  there  is  the  skull  of  a  person  who  lived  two  years  after  a 
fracture  of  this  kind. 

Signs. — Fracture  of  the  base  of  the  skull  is  very  commonly  suspected  when 
symptoms  indicative  of  serious  injury  to  the  brain  speedily  follow  a  severe 
blow  upon  the  head.  Those  parts  of  the  nervous  centres  that  arc  most  im- 
portant to  life  are  more  liable  to  injury  in  this  than  in  other  fractures  of  the 
skull ;  the  same  violence  that  occasions  the  fracture  injuring  the  contiguous 
portions  of  brain,  or  lacerating  some  of  the  large  venous  sinuses  at  the  base  of 
the  skull,  and  thus  giving  rise  to  abundant  intracranial  extravasation  of  blood. 

The  patient  whose  skull  is  represented  in  Fig.  312  died  from  injury  to  the 
medulla  oblongata  and  haemorrhage  into  its  substance  ;  a  result  which  can 
hardly  be  wondered  at,  when  the  splintered  condition  of  the  margin  of  the 
foramen  magnum  is  taken  into  consideration.  There  was  no  other  serious  injury 
to  the  brain.  After  a  short  period  of  unconsciousness,  the  patient  became 
noisy  and  talkative,  and  was  somewhat  troublesome  on  his  way  to  hospital, 
but  almost  immediately  after  admission,  his  respiration  and  pulse  began  to 
fail,  and  he  died  in  half  an  hour  or  less  fr'om  the  time  of  the  accident. 

The  symptoms  of  Fracture  of  the  Base  are  in  the  highest  degree  eitiuivocal ; 

\ 

\ 


SIGmYS  of  fracture  of  the  EASE—IIJ^WORRIIAGE.  723 


and  much  anxiety  has  consequently  been  manifested  by  Surgeons  to  discover 
some  special  sign  of  the  occurrence  of  this  particular  fracture. 

The  signs  of  fracture  of  the  base  of  the  skull  will  necessarily  vary  according 
to  the  seat  of  injury.  When  the  fissure  extends  through  the  anterior  fossa, 
there  may  be  extravasation  of  blood  into  the  orbit  or  eyehd,  or  free  heemor- 
rhage  from  the  nose.  When  it  implicates  the  middle  fossa,  there  is,  very 
fi-equently,  fracture  of  the  petrous  portion  of  the  temporal  bone,  with  rupture 
of  the  tympanic  membrane,  and  then  there  will  be  bleeding  or  a  watery  dis- 
charge fi-om  the  ears.  AVhen  the  posterior  fossa  is  the  scat  of  injury,  the  signs 
are  more  equivocal,  unless  the  fissure  extend  forwards  to  the  petrous  portion  of 
the  temporal  bone,  when  the  more  characteristic  signs  will  occur.  In  some 
cases,  discoloration  of  the  skin  from  extj-avasated  blood  behind  the  mastoid 
process  and  at  the  back  of  the  neck,  when  there  has  been  no  direct  iujury 
in  that  situation,  may  indicate  the  presence  of  a  fracture. 

There  are  two  signs,  the  occurrence  of  which,  separately  or  together,  leads 
to  strong  presumptive  evidence  of  the  existence  of  this  kind  of  fracture. 
1.  The  Escape  of  Blood  from  the  interior  of  the  Cranium  through  the  ears, 
nose,  or  into  the  orbit ;  and  2.  The  Discharge  of  a  Serous  Fluid  from  the  Ears, 
and  occasionally  from  other  parts  in  connection  with  the  base  of  the  skull. 

1.  The  occurrence  of  Bleeding  from  one  or  both  Ears  after  an  injury  of 
the  head  cannot  by  itself  be  considered  a  sign  of  much  importance,  as  it  may 
arise  from  any  violence  by  which  the  membrana  tympani  is  ruptured,  or  the 
cartilage  of  the  pinna  separated  from  the  bone,  without  the  skull  being  neces- 
sarily fractured.    If,  however,  the  haemorrhage  be  considerable,  trickling 
slowly  out  of  the  external  auditory  meatus  in  a  continuous  stream,  if  the 
blood  with  which  the  external  ear  is  filled  pulsate,  and  more  especially  if  the 
bleeding  last  for  three  or  four  hours  and  be  associated  Avith  other  symptoms 
indicative  of  serious  mischief  within  the  head,  and  if  it  have  been  occasioned 
by  a  degree  of  violence  sufficient  to  fracture  the  skull,  we  may  look  upon  the 
haemorrhage  as  strong  e\ddence  that  a  ft-acture  of  the  base,  extending  into  the 
petrous  portion  of  the  temporal  bone,  has  taken  place,  and  that,  perhaps,  one 
of  the  venous  sinuses  in  its  neighbourhood  is  torn.    The  evidence,  however, 
is  only  presumptive  ;  it  is  not  positive  as  to  fracture  of  the  base  of  the  skull 
through  its  petrous  portion,  nor  indeed  of  any  intracranial  injury  whatever. 
Copious  hsemorrhage  from  the  ear  to  the  extent  of  many  ounces  -has  been 
known  to  occur  from  a  fracture  of  the  anterior  and  inferior  pai't  of  the  meatus 
auditorius  extcrnus,  in  consequence  of  the  condyle  of  the  lower  jaw  being 
forcibly  driven  up  against  it,  the  jaw  itself  haA-ing  been  fractured. 

Haemorrhage  into  the  Areolar  Tissue  of  the  Orbit  and  Eyelid, 
giving  rise  to  extensive  ecchymosis  of  the  lid,  possibly  with  protrusion  of  the 
eye-ball  itself,  often  accompanies  fracture  of  the  orbital  plate  of  the  frontal 
bone.  The  ecchymosis  that  occurs  in  these  cases  arises  from  the  filtration  of 
blood  from  the  interior  of  the  skull,  through  the  fracture,  into  the  loose 
areolar  tissue  adjacent  to  the  injured  bone.  It  differs  remarkably  in  appear- 
ance from  that  resulting  frou*  a  direct  blow  upon  the  eyelid— from  a  "  black 
eye."  In  the  latter  case  there  is  bruising  of  the  skin,  and  the  ecchymosis  is 
in  a  great  measure  cutaneous,  of  a  reddish-purple  colour.  In  the  ecchymosis 
from  fracture,  the  hemorrhage  is  entirely  subcutaneous  and  subconjunctival ; 
there  is  probably  no  bruising  of  the  eyelid,  but  this  is  tense,  greatly  swollen, 
and  of  a  bluish-purple  colom'.    The  extravasation  appears  under  tlie  ocular 
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conjunctiva  in  a  very  marked  manner,  which  is  rarely  the  case  in  an  ordinary 
black  eye,  where  the  ecchymosis  is  superficial  to  the  palpebral  ligament,  and 
shut  off  by  it  from  the  subconjunctival  areolar  tissue.  In  the  more  severe 
cases,  in  which  there  is  distinct  protrusion  of  the  eyeball,  the  haemorrhage  may 
be  venous  or  arterial.  When  venous,  it  probably  arises  from  a  fracture,  im- 
plicating the  body  of  the  sphenoid  bone,  and  tearing  the  wall  of  the  cavernous 
sinus.  When  arterial,  it  may,  as  Hewett  has  shown,  be  the  forerunner  of  a 
circumscribed  traumatic  aneurism  of  the  orbit,  attended  by  pulsation,  bruit, 
and  projection  of  the  eyeball,  requiring  the  deligation  of  the  common  carotid 
for  its  cure. 

Bleeding  from  the  KTose  or  Mouth  may  of  course  arise  from  any  injury 
of  these  parts  without  the  skull  being  implicated  ;  yet  in  some  cases  of  frac- 
ture of  the  skull  the  hemorrhage  proceeds  from  the  interior  of  the  cranium, 
through  a  fissure  in  the  roof  of  the  nasal  fossa  ;  it  then  indicates  a  fi-acture 
through  the  ethmoid  and  sphenoid  bones.  In  a  patient  of  mine  who  died  five 
weeks  after  an  injury  of  the  head,  accompanied  by  bleeding  from  the  nose,  a 
fi-acture  occasioned  by  rontrccovp  was  found  extending  across  one  orbital  plate 
of  the  frontal  bone,  and  separating  its  articulation  with  the  ethmoid.  In  this 
case,  the  nature  of  the  injury  was  suspected  from  the  fact  of  the  nose  itself 
having  been  uninjured  by  the  blow,  although  the  hasmorrhage  ft'om  it  was 
very  considerable  and  continuous  ;  for  it  is  in  the  quantity  and  duration  of 
this  hfemorrhage  that  its  value  as  a  diagnostic  sign  of  fi'acture  of  the  base  of 
the  skull  consists. 

Vomiting  of  Blood  may  occur  in  these  cases,  from  the  blood  ha\ang  found 
its  way  through  the  fractured  ethmoid  or  sphenoid  down  the  nose  and  through 
the  posterior  nares  into  the  pharynx  and  stomach.    In  these  cases  the  vomited 
blood  is  dark,  grumous,  and  mixed  with  the  contents  of  the  stomach.  In  some 
rare  cases,  the  blood  that  issues  fi-om  the  nose  and  mouth  passes  into  these 
cavities  through  the  Eustachian  tube.    The  petrous  portion  of  the  temjioral 
bone  is  fractured,  and  the  middle  ear  opened  ;  the  tympanic  membrane,  how- 
ever, being  unbroken,  no  bleeding  from  the  external  ear  ensues,  but  the  blood 
escapes  into  the  pharynx  through  the  Eustachian  tube.    In  some  cases  there 
may  be  a  combination  of  these  different  sigus.    Thus,  in  a  patient  of  mine  at 
the  Hospital,  there  were  'hajmorrhage  into  the  left  orbit  and  from  the  left 
nostril,  copious  vomiting  of  blood,  and  bleeding  from  the  right  ear,  following  a 
blow  upon  the  forehead.    The  diagnosis  which  was  made  during  life,  and: 
which  was  verified  after  death,  was  a  fissure  of  the  skull  extending  through ; 
the  left  orbital  plate  of  the  frontal  bone,  the  ethmoid,  and  probably  the- 
sphenoid  on  that  side,  and  a  fracture  of  the  petrous  portion  of  the  right: 
temporal  bone. 

2.  The  Discharge  of  a  thin  Watery  Fluid  from  the  interior  of  the? 
skull  sometimes  occurs  ;  and,  when  it  happens,  it  is  the  most  certain  sign  of: 
fracture  of  the  base  that  we  possess.     This  discharge  usually  takes  place.' 
through  the  ear  ;  but  it  may  occur  fi-om  the  nose,  of  which  I  have  seen  one? 
instance,  and  Robert  mentions  another.    Still  more  rarely  it  takes  place  fi-omi 
a  wound  in  the  scalp  communicating  with  the  fracture,  percolating  tlirouo-hi 
this,  and  so  being  poured  out  externally.    Cases  of  this  kind  have  been  de- 
scribed by  Hey,  O'Callaghan,  Robert,  Hewett,  and  other  Surgeons.    One  such 
instance  was  communicated  to  me  by  one  of  the  pupils  of  University  Colleo-e, 
a  few  years  ago.    A  boy  received  a  wound  on  the  back  of  the  head,  wfth 
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depressed  and  comminuted  fracture  of  the  skull.  On  the  nineteenth  day  after 
the  receipt  of  the  injury,  a  large  quantity  of  serous  fluid  began  to  escape 
through  the  wound,  and  continued  to  do  so  profusely  until  his  death  from 
coma  four  days  later.  At  first  the  fluid  that  is  discharged  is  usually  tinged 
with  blood,  but  this  soon  ceases,  and  it  then  flows  clear. 

There  would  consequently  appear  to  be  three  situations — the  ear,  the  nose, 
and  a  wound  on  the  vault  of  the  cranium — from  which  this  discharge  has  been 
observed.  It  is  an  exceedingly  valuable  though  most  serious  sign  ;  and 
Robert,  who  has  investigated  this  phenomenon  with  much  closeness,  states  that 
the  cases  in  which  it  happens  always  terminate  fatally.  This,  however,  is  an 
error  ;  for  a  number  of  cases  have  occurred  at  the  University  College  Hospital 
and  elsewhere,  in  which  the  patients,  adults,  recovered,  although  many  ounces 
of  fluid  were  discharged  from  the  ear.  It  is  usually  associated  with  symptoms 
indicative  of  serious  injury  to  the  base  of  the  brain  ;  but  to  this  there  are  also 
exceptions,  for  I  have  seen  it  in  cases  of  injury  of  the  head,  unaccompanied  by 
any  severe  cerebral  symptoms.  Most  generafly  it  occurs  in  young  people. 
Robert  says  that  it  does  so  invariably  ;  but  Hewett  states  that  in  most  of  the 
instances  in  which  he  has  seen  it  the  patients  were  above  thirty  years  of  age. 
In  one  of  my  cases,  the  patient  was  fifty-eight  years  of  age  ;  and  in  six  other 
instances  in  which  I  have  observed  it,  the  patients  were  all  adults.  In  all 
cases  of  recovery  that  I  have  witnessed,  some  deafness  of  the  ear  from  which 
the  discharge  occurred  has  been  left,  though  this  does  not  seem  to  be  an  in- 
variable consequence  of  the  injury. 

The  Quantity  of  fluid  that  is  thus  discharged  is  always  very  considerable, 
the  pillow  usually  becoming  soaked  by  it,  which  may  be  the  first  thing  to 
attract  attention  to  it.  It  is  often  necessary  to  keep  a  piece  of  sponge  or  a 
pledget  of  lint  against  the  ear,  in  order  to  prevent  the  fluid  from  wetting  the 
patient  as  it  trickles  out  ;  and,  if  a  cup  be  so  placed  as  to  collect  it,  an  ounce 
or  two  will  speedily  accumulate.  Laugier  states  that  he  has  seen  a  tumblerful 
discharged  in  a  short  time,  and  as  much  as  twenty  ounces  have  been  known  to 
be  poured  out  in  three  days.  The  flow  is  usually  continuous  for  se^'eral  days, 
and  then  ceases. 

Although  the  occurrence  of  a  watery  discharge  from  the  ear  after  certain 
injuries  of  the  head  had  been  observed  by  Van  der  Wiel,  O'Halloran,  and 
Dease,  in  the  early  part  and  middle  of  the  last  century,  no  attention  was  paid 
to  the  subject  by  later  surgical  writers  ;  and  the  subject  aj^pears  to  have  been 
completely  lost  sight  of  until  Laugier,  in  1839,  again  directed  the  attention  of 
Surgeons  to  this  interesting  phenomenon.  Since  this  period,  it  has  been  often 
observed  and  attentively  studied  ;  and  the  nature  and  the  sources  of  the  dis- 
charge have  been  particularly  investigated  by  Laugier,  Chassaignac,  Robert, 
Guthrie,  and  Hewett.  Its  j^h/jsical  and  chemical  characfers  are  those  of  a  per- 
fectly clear,  limpid,  and  watery  fluid,  containing  a  considerable  quantity  of 
chloride  of  sodium,  with  a  little  albumen  in  solution,  and  a  trace  of  sugar.  It 
is  not  coagulable  by  heat  nor  by  nitric  acid. 

The  Source  of  this  discharge  has  been  the  subject  of  much  speculation. 
Laugier  believed  it  to  be  the  serum  of  the  blood  filtered  through  a  crack  in  the 
petrous  portion  of  the  temporal  bone,  and  so  through  the  ruptured  mem.brane 
tympani.  This  explanation,  however,  is  evidently  not  correct ;  for  not  only  is 
blood  extravasated  in  the  living  body  incapable  of  this  species  of  rapid  and 
complete  filtration,  but  the  fluid  differs  altogether  in  chemical  composition 
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from  the  serum  of  the  Ijlood ;  for  it  contains  a  mere  trace  of  albumen  and  double 
the  quantity  of  cliloridc  of  sodium.  By  others  it  has  been  supposed  that  the 
fluid  is  furnished  by  the  internal  ear,  licing  a  continuous  discharge  of  the  liquor 
Cotunnii  ;  but  its  large  quantity,  and,  above  aU,  the  fact  of  its  occasionally 
escaping  through  the  nose,  demonstrate  the  fallacy  of  this  explanation.  Again 
it  has  been  sui^posed,  but  without  sufficient  evidence,  that  the  cavity  of  the 
arachnoid  furnishes  this  secretion.  But  the  arachnoid  does  not  secrete 
sufliciently  to  furnish  the  quantity  of  fluid  discharged  ;  and  if  this  membrane 
"were  irritated  and  the  secretion  increased,  it  would  become  opaque  from  lymjDh 
or  pus  admixed  with  it.  I  think,  with  Robert,  that  there  can  be  no  dou1)t 
that  this  discharge,  in  most  cases  at  least,  is  cerebro-spinal  fluid  ;  for  not 
only  is  it,  in  appearance  and  chemical  composition,  identical  with  this 
liquid,  but  there  is  no  other  source  within  the  skull  thaji  the  pia  mater  which 
can  yield  with  equal  rapidity  so  large  a  quantity  of  fluid  ;  experiments  on 
animals  having  sho^vn  that  the  cerebro-spinal  fluid  is  rapidly  reproduced  after 
its  evacuation.  An  additional  j^roof  of  the  identity  of  this  discharge  with  the 
cerebro-spinal  fluid  is  to  be  found  in  the  fact  pointed  out  by  C.  Bernard, 
that  they  both  contain  a  trace  of  sugar.  In  order  that  the  fluid  be  dis- 
charged, the  membranes  of  the  brain  must  have  been  torn  opposite  the  outlet 
by  which  it  is  poured  forth,  in  such  a  way  as  to  open  up  the  sub-arachnoid 
space.  This  has  actually  been  ascertained  to  be  the  case,  by  carefully  con- 
ducted dissections.  When  it  is  discharged  through  the  ear,  the  laceration, 
as  Berard  has  remarked,  must  have  extended  through  the  cul-de-sac  of  the 
arachnoid,  which  is  prolonged  around  the  auditory  ner\'e  in  the  internal  audi- 
tory canal.  AYhen  it  is  poured  out  through  the  nose,  the  f  ractm'e  has  probably 
extended  through  the  cribriform  plate  of  the  ethmoid  bone,  and  laid  open  the 
prolongation  of  arachnoid  that  surrounds  the  filaments  of  the  olfactory  nerve. 

The  diagnostic  value  of  watery  discharge  from  the  ear  ^-aries,  according  to 
Sir  Prescott  Hewett,  with  its  relation  to  the  haBuiorrhage  which  may  occur. 
He  divides  cases  of  watery  dischai'ge  from  the  ear  after  injuries  of  the  head 
into  three  classes. 

In  the  first  class,  the  discharge  is  watery  fi-om  the  first,  and  abundant,  being 
preceded  l)y  little  or  no  l)lood,  and  beginning  immediately  after  the  accident. 
This  is  undoubtedly  cerebro-spinal  fluid,  which  escapes  through  a  fracture  of 
the  petrous  bone  implicating  the  internal  auditory  canal. 

In  the  second  class,  there  is  copious  and  prolonged  bleeding  from  the  ear, 
followed  by  the  watery  discharge.  Here,  too,  there  is  fracture  of  the  petrous 
bone:  but  its  exact  situation  is  uncertain.  In  these  cases,  the  diagnosis  wdll 
rest  upon  the  prolonged  ht^morrhage,  rather  than  on  the  watery  discharge. 

In  the  third  class,  there  is  but  little  bleeding  after  the  injury,  and  the  watery 
discharge,  which  is  variable  in  quantity,  varies  also  in  the  time  of  its  appearance. 
In  these  cases  the  diagnosis  must  remain  doubtful.  He  mentions  two  cases 
which  occurred  at  St.  George's  Hospital  in  which  a  copious  watery  discharo-e 
flowed  from  the  ear.  In  neither  of  these  after  death  was  any  fracture  of  the 
petrous  portion  of  the  temporal  bone  found.  In  one  the  membrana  tympani 
was  ruptured,  and  the  cavity  of  the  tympanum  was  "intensely  vascular  ;"'  in 
the  other,  "  the  discharge  was  connected  with  a  fracture  of  the  lower  jaw 
just  below  the  condyle :  the  lower  fragment  had  perforated  the  wall  of  the 
meatus  auditorius." 

The  facial  nerve  may  be  so  injured  by  a  fracture  of  the  petrous  portion  of 
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the  temporal  bone  as  to  become  paralysed  at  the  time  of  the  accident.  But 
more  frequently  paralysis  of  this  nerve  does  not  come  on  until  a  later  jwriod, 
about  the  second  or  third  week  after  the  injury,  and  disap])cars  after  lastiuo- 
about  a  month.  This  transient  facial  paralysis,  accompauying  some  forms  of 
friicture  of  the  base  of  the  skull,  has  been  studied  by  Marshall,  who  explains  it 
as  being  occasioned  by  the  pressure  of  inflannnatory  exudation,  which  gi-adually 
becomes  absorbed  as  the  fracture  unites,  and  thus  the  compression  of  the  nerve  is 
removed  after  a  time. 

Treatment. — In  the  treatment  of  fracture  of  the  base  of  the  skull  it  must 
not  be  forgotten  that  whenever  bleeding  appears  externally,  the  fracture  is 
compound,  and  that  decomposition  of  the  discharges,  with  consequent  septic 
meningitis,  forms  one  of  the  greatest  dangers  of  the  case.    Fortunately,  how- 
ever, in  a  large  proportion  of  cases  tlie  dura  mater  is  intact,  and  consequently 
the  danger  is  greatly  diminished.    In  fractures  implicating  the  ethmoid  and 
sphenoid  bones,  with  htemorrhage  from  tlie  nose,  nothing  can  be  done  to 
prevent  decomposition.    In  fractures  affecting  the  tympanum,  with  rupture 
of  the  membrana  tympani,  the  prevention  of  decomposition  is  more  hopeful, 
although  the  Eustachian  tube  communicating  Avith  the  upper  part  of  the 
pharynx  causes  some  degree  of  uncertainty.    Yet,  as  it  is  lined  with  ciliated 
epithelium,  it  is  quite  possible  that  the  causes  of  decomposition  may  not  reach 
the  fracture  by  that  route.    The  ear  should  in  such  cases  be  carefully  syringed 
out  with  a  solution  of  carbolic  acid  in  water  (1  in  30),  and  it  may  then  be 
plugged  either  with  carbolic  gauze  or  iodoform-cotton-wool,  a  larger  pad  of 
the  same  material  being  placed  outside  and  secured  by  a  bandage.  The 
syringing  must  be  gently  done,  and  the  carbolic  solution  should  not  be 
too  strong,  or  it  may  cause  some  inflammation  in  the  middle  ear.  The 
dressing  must  be  changed  as  often  as  may  be  necessary.    We  have  yet  to 
learn  how  much  is  to  be  expected  from  the  antiseptic  treatment  of  compound 
fracture  of  the  base  of  the  skull,  but  so  far  as  reports  have  at  present  been 
published  they  are  very  encouraging.    In  other  respects  the  treatment  of 
fracture  of  the  base  of  the  skull  must  be  conducted  on  those  general  principles 
that  guide  ns  in  the  management  of  simple  fractures  of  the  cranium,  such  as 
ice  to  the  shaved  head,  a  calomel  purge,  low  diet,  and  absolute  quietude  in  a 
darkened  room.    In  many  cases,  the  brain  is  so  injured  in  its  most  vital  parts 
that  speedy  death  is  the  result.    When  recovery  takes  place,  it  is  necessarily 
slow  and  protracted,  liable  to  retardation  from  meningitis  of  an  acute  or  sub- 
acute and  chronic  character. 

Depressed  FiiActURE  of  the  8kull. — It  occasionally  though  very  rarely 
happens  that,  in  consequence  of  a  blow,  a  portion  of  the  skull  is  depressed 
without  being  fractured,  and  even  without  any  serious  cerebral  symptoms 
occurring.  Such  depression  without  fracture  can,  however,  occur  only  in 
children,  whose  skulls  are  soft  and  yielding.  In  adults  it  camiot  happen 
without  the  occurrence  of  partial  or  incomplete  fracture.  Many,  if  not  all, 
of  the  so-called  "congenital  depressions"  that  are  met  with  in  the  skull  are 
the  result  either  of  violence  inflicted  on  the  cranium  at  birth,  usually  in 
instrumental  labours,  or  of  falls  and  blows  upon  the  head  in  early  infancy. 
Such  depressions  are  smooth,  concave,  and  sometimes  symmetrical,  and  present 
\-ery  different  characters  from  the  irregular  outline  of  an  ordinary  fracture. 
They  never  present  the  characters  of  a  fissure  ;  there  is  no  such  thing  as  a 
congenital  fissure  of  the  skull. 
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In  the  Diagnosis  of  depressed  fracture,  it  is  important  to  remember  that 
the  apparent  depression  produced  by  an  extravasation  under  the  scalp  may 
simulate  this  injury  very  closely.    (Sec  p.  713.) 

Varieties.— Depressed  fractures  of  the  skull  may  either  be  simple,  wrthout 
wound  of  the  scalp  ;  compound  ;  or  comminuted.  In  the  majority  of  cases, 
whether  the  fracture  be  simple  or  compound,  there  is  comminution  of  the  bone  ; 
the  frag-ments  being  perhaps  driven  into  the  brain. 

Sometimes,  though  very  rarely,  the  external  table  alone  is  depressed  and 
driven  into  the  diploe.  This  is  especially  the  case  over  the  frontal  sinuses, 
where  it  may  be  broken  in,  as  I  have  seen  happen  from  the  kick  of  a  horse, 
without  the  inner  table  being  splintered,  or  any  bad  con  sapience  ensuing. 

The  inner  table  may  be  fractured  without  any  apparent  injury  to  the 
outer  table  ;  and  it  may  not  only  be  so  fractured,  but  a  portion  of  it  may  be 
depressed,  without  the  outer  table  being  injured  (Figs.  315,  316). 

In  all  ordinary  depressed  fractures,  both  tables  are  depressed,  but  the 
internal  table  is  splmtered  to  a  greater  extent  than  the  external  one.    This  is 


Fig.  313. — Fracture  of  tlie  Skull  from  Gun-shot  Fig.  314. — The  same,  natural  size. 

Injm-y  from  within  :  Splintering  of  Outer  Table. 

especially  the  case  when  the  fractm'e  is  the  result  of  gun-shot  injury,  or  when 
it  has  been  occasioned  by  blows  with  a  pointed!  weapon,  as  the  end  .of  a  pick, 
or  a  large  nail,  or  the  sharp  angle  of  a  brick.  In  these  latter  fractures,  which 
constitute  the  dangerous  variety  termed  Punctured,  the  outer  table  may  be 
merely  perforated  or  fissured,  whilst  the  inner  one  is  widely  splintered  into, 
numerous  fi'agments,  for  the  extent  of  a  square  inch  or  more.  This  splintering 
of  the  inner  lamina  of  the  skull  to  a  greater  extent  than  the  outer  one  has 
attracted  much  attention,  being  of  considerable  practical  moment,  and  is  often 
said  to  be  owing  to  its  being  more  brittle  than  the  external  table.  This, 
however,  I  do  not  consider  to  be  the  only  cause.  I  should  attribute  it  rather 
to  the  fracturing  force  from  without  inwards  losing  a  certain  amount  of 
momentum  in  passing  through  the  outer  table  ;  the  inner  table  being  thus 
splintered  more  widely  than  the  outer  one,  for  the  same  reason  that  the 
aperture  of  exit  made  by  a  bullet  is  larger  than  that  of  entry.  If  this  be  the 
true  explanation,  the  reverse  ought  to  hold  good  if  the  force  be  applied  in  the 
opposite  direction.  It  is  very  seldom  that  we  have  an  opportunity  of  examin- 
ing such  a  case  ;  but,  some  years  ago,  a  man  was  brought  to  the  Hospital  who 
had  discharged  a  pistol  into  his  mouth  and  upwards  through  the  brain.  The 
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bullet  had  perforated  the  palate  and  passed  out  at  the  upper  part  of  the 
cranium,  near  the  vertex.  On  examining  the  state  of  the  hones,  it  was  found 
that  the  outer  table  of  the  skull  was  splintered  to  a  considerably  greater  extent 
than  the  inner  one,  showing  clearly  the  influence  of  the  direction  of  the  fractur- 
ing force  (Figs.  313,  314).  This  case  led  me  to  make  further  experiments  on 
the  dead  body  ;  and  I  found  that  the  outer  table  is  always  more  spHntered 
when  the  blow  is  struck  from  the  inside  of  the  skull  outwards. 

Teevan  has  made  a  considerable  number  of  ingenious  experiments  on  this 
subject,  by  firing  bullets  and  driving  pointed  bodies  of  various  kinds  through 
the  skull.  He  finds,  as  the  result  of  these  investigations,  that  the  aperture 
of  exit  is  the  larger,  whether  the  blow  be  delivered,  or  the  bullet  be  driven  from 
without  inwards,  or  the  reverse.  The  explanation  at  which  he  has  arrived  is, 
that  the  aperture  of  entry  is  caused  by  the  penetrating  body  only,  whilst  the 
aperture  of  exit  is  caused  by  i\\\^plus  the  fragments  of  bone  driven  out  of  that 
table  of  the  skull  which  was  first  perforated.  Thus,  when  a  bullet  strikes  the 
external  table  from  without,  it  first  perforates  this,  and  then  carries  along  with 
it  and  through  the  inner  table  the  fragments  of  bone  that  it  has  cut  out  of  the 
external  table,  and  hence  fi-actures  the  inner  table  more  widely  than  the  outer. 
AVhen  both  sides  of  the  .head  are  traversed  by  a  bullet,  it  wiU  be  found  that 
the  aperture  of  entry  in  the  outer  table  on  the  side  first  struck,  and  the  aperture 
of  entry  in  the  inne)'  table  of  the  opposite  side  of  the  head,  will  be  the  smallest, 
the  largest  holes  made  by  the  bullet  being  the  apertures  on  the  inner  table  of 
the  former  side  and  the  outer  table  of  the  latter.  In  the  case  of  a  large  and 
broad  body  like  a  bullet,  which  carries  a  mass  of  fragments  before  it  and  does 
not  merely  perforate  bone,  Teevan's  explanation  is  doubtless  correct.  But,  in 
the  ordinary  "punctured"  fracture,  made,  for  instance,  by  the  point  of  a  nail 
being  driven  through  the  skull,  it  must  be  remembered  that  no  fragments  of 
.  the  outer  table  or  diploe  are  carried  inwards,  and  that  the  very  wide-spread 
splintering  of  the  inner  table,  which  is  characteristic  of  this  form  of  injury, 
cannot  be  accounted  for  in  this  way,  but  appears  to  me  to  be  referable  to  the 
cause  I  have  given — viz.,  the  direction  of  the  fracturing  force  and  the  loss  of 
momentum  in  the  breaking  body.  In  addition  to  these  two  causes — viz.,  the 
loss  of  momentum  and  the  action  of  the  debris  of  that  portion  of  the  skull 
which  was  iirst  fractured — there'  is  a  third  reason  why  that  table  which  is 
last  perforated  should  be  most  splintered.  It  is  this,  that  the  table  which  is 
last  struck  is  least  supported  and  thus  has  a  tendency  to  fracture  over  a  larger 
area  than  that  which  was  first  penetrated.  This  explanation  applies  especially 
to  ordinary  punctured  fractures  inflicted  by  nails  or  other  pointed  bodies 
strikin?  the  head,  and  which  neither  lose  momentum  nor  occasion  debris  in 
their  passage  through  the  skull.  A  familiar  illustration  of  this  is  seen  in 
driving  a  nail  through  a  board.  If  the  board  is  unsupported  on  its  under 
side  the  nail  will  probably  cany  before  it  large  splinters  from  that  surface 
as  it  passes  through  the  wood.  But  if  the  same  board  is  supported  on  a 
block  of  wood  and  the  nail  driven  through,  then  the  aperture  of  exit  will 
be  as  small  as  that  of  entry.  Thus  it  would  appear  that  in  punctured  or 
bullet-fractures  of  the  skull  in  which  the  force  acts  from  without  inwards, 
the  inner  table  is  more  widely  splintered  than  the  outer,  from  three  causes, 
viz.,  loss  of  momentum  in  the  bullet,  the  wedge-like  action  of  the  debiis 
carried  with  it,  and  the  insufficient  supports  furnished  by  the  brain— the 
latter  being  a  main  factor  in  cases  of  ordinary  punctured  fracture.  It 
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occasioually  liappcus  as  the  result  of  sabre-  or  hatchet-cuts  on  the  head  that 
a  longitudinal  incised  fracture  occurs,  in  which  the  outer  table  is  merely 
notched,  whilst  the  inner  one  is  splintered  aloug  the  whole  Ime  of  blow,  ihis 
is  in  point  of  fact  an  elongated  punctured  fracture,  and  the  wide  area  ot 
splintering  of  the  inner  table  is  due  to  the  same  cause  as  when  a  nail  is 
driven  in.^  In  other  cases,  again,  a  portion  of  the  skull  is  completely  sliced 
oif,  hanging  down  in  a  flap  of  the  scalp,  and  exposing  the  brain  or  its 
membranes. 

A  special  and  very  important  kind  of  punctured  and  depressed  fracture  is 
that  m  which,  by  the  thrust  of  a  stick,  umbrella,  or  other  blunt-ended  body 
into  the  orbit,  the  orbital  plate  of  the  frontal  l)onc,  or  the  cribriform  lamella 
of  the  ethmoid,  is  perforated,  and  the  dura  mater  or  brain  wounded.  In  such 
cases  there  is  sometimes  no  external  wound,  the  stick  having  passed  up 
under  the  upper  eyelid ;  and  it  is  conceivable  that  the  same  result  might  be 


FiR.  310.— External  Table  Slightly  Depressed.  Fig.  316.— Internal  Table  Depressed  and  Fissured. . 


produced  even  by  a  thrust  up  the  nostril.  Death  results  either  fi'om  wound  off 
the  cavernous  sinus  and  intracranial  extravasation  of  blood,  or  more  remotely  • 
from  septic  meningo-encaphalitis  following  the  wound  of  the  dura  mater  and  I 
brain. 

It  is  very  important  to  observe  that  ilie  inner  taMe  may  he,  very  e'xtensively  i 
fissured,  and  dqrressed,  'irifho^d  any  frarture  of  ihe  outer  iahle.    Of  this? 
remarkable  injury  twenty  cases  are  recorded  as  having  happened  in  the.^ 
American  civil  war.    One  recovered,  the  diagnosis  being  made  by  finding  r 
the  splintered  inner  table  in  a  sequestrum  which  was  removed.    The  restt 
died  of  intracranial  mischief,  and  the  diagnosis  was  not  made  durino-  life. . 
Most  commonly  when  the  inner  table  is  thus  fractured  or  depressed  the  outer  r r 
table  is  fissured.    The  accompanying  cuts  (Figs.  315,  316),  taken  from  photo--! 
graphs,  of  a  preparation  in  the  Army  Medical  Museum,  Washington,  represent  a 
case  of  extensive  gun-shot  fracture  with  depression  of  the  inner  table  of  the  left  t ' 
parietal  bone  without  fracture  of  the  external  table.    The  patient  w^as  struck 
obHquely  on  the  side  of  the  head  by  a  musket-ball,  which  inflicted  a  scalp'  •! 
wound.    There  was  no  sign  of  cerebral  disturbance  until  two  days  after  r' 
the  injury,  when  symptoms  of  compression  set  in.    The  skull  was  carefully) 
examined  through  the  wound  for  fracture;  none  could  be  found.  The-' 
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symptoms  of  coma  increased  and  proved  fatal  on  the  tenth  day,  when  the 
inner  table  of  the  left  parietal  bone  was  fonnd  extensively  starred  and 
depressed  (Fig.  31 G),  without  any  fracture  of  the  outer  table  (Fig.  81 T)). 
There  was  a  wound  of  the  dura  mater  and  an  abscess  in  the  cerebral  hemisphere 
— in  fact,  all  the  appearances  and  sequences  of  an  ordinary  "  punctured  frac- 
ture." This  interesting-  case  demonstrates  clearly  the  possibility  of  extensive 
fracture  with  depression  of  the  inner  table,  whilst  the  outer  remains  unbroken. 

The  Symptoms  of  a  depressed  fracture  of  the  skull  are  of  two  kinds  :  those 
that  are  dependent  upon  the  injury  to  the  bone,  and  those  that  result  from 
the  concomitant  compression  or  laceration  of  the  brain. 

When  the  scalp  is  not  wounded,  the  depression  may  sometimes  be  felt  ;  but 
very  commonly  it  is  masked  l)y  extravasation  of  blood  about  it.  In  all  cases 
of  doubt,  when  these  symptoms  of  compression  exist,  an  incision  should  be 
made  through  the  scalp  at  the  seat  of  injury,  and  the  state  of  the  skull 
examined.  When  there  is  a  womid  in  the  scalp  communicating  with  the 
fracture,  the  Surgeon  detects  at  once  the  existence  of  depression  and  com- 
minution by  examining  the  bone  with  his  finger  through  the  wound.  When 
the  fragments  that  are  depressed  are  impacted  and  firmly  locked  together,  so 
as  to  form  an  unyielding  mass,  symptoms  of  compression  of  the  brain,  to  a 
more  or  less  marked  degree,  may  result.  But  if  the  fracture  be  very  extensive, 
and  the  fragments,  though  somewhat  depressed,  lie  loose,  and  if  they  be 
yielding  and  do  not  exercise  a  continuous  pressure  on  the  brain,  it  occasionally 
happens  that  the  symptoms  of  compression  are  entirely  wanting,  and  no  cerebral 
disturbance  comes  on  for  some  days,  even  though  the  injury  be  very  extensive. 
X  man  twenty-four  years  of  age  was  admitted  into  University  College  Hospital, 
ha"\-ing  been  struck  on  the  forehead  with  the  sharp  edge  of  a  quoit.  The  frontal 
bone  was  extensively  comminuted,  tweh'e  fragments  being  removed,  and  the 
dura  mater  being  exposed  to  a  considerable  extent  ;  yet  no  bad  symptoms 
occurred  until  the  ninth  day,  when  inflammation  of  the  brain  and  its  mem- 
branes set  in,  and  he  speedily  died. 

In  other  cases  again,  more  especially  in  children  and  young  persons,  in 
whom  the  bones  are  soft  and  yielding,  fracture  with  depression  may  exist  to  a 
considerable  extent,  and  no  sym])tom  whatever  of  compression  be  produced  at 
any  time — the  patient  li-ving  with  a  portion  of  his  skull  permanently  beaten 
in.  I  have  several  times  seen  middle-aged  persons  with  large  flat  dej^ressions 
of  the  skull,  the  result  of  injuries  sustained  in  childhood,  who  presented  no 
signs  of  cerebral  disturbance.  It  is  rare,  however,  to  meet  with  a  recent 
case  of  depressed  fracture  in  the  adult  without  signs  of  compression  of  the 
brain.  But,  though  rare,  it  is  not  impossible  ;  and  Green  mentions  the  case 
of  a  man  whose  skull  was  depressed  to  the  extent  of  the  boM'l  of  a  dessert- 
spoon, without  any  symptoms  of  compression. 

In  cases  in  which  the  signs  of  compression  are  well  marked,  it  nmst  not  bo 
assumed  that  the  pressure  caused  by  the  depressed  fragments  of  bone  is  in  all 
cases  the  sole  or  even  the  chief  cause  of  the  symptoms.  It  is  scarcely  possible 
for  a  man  to  suffer  from  a  severe  depressed  Iracture  without  serious  bruising 
and  laceration  of  the  brain-substance  beneath  and  a  more  or  less  extensive  intra- 
cranial extravasation  of  blood.  Both  these  conditions  arc  important  factors 
in  producing  the  symptoms.  The  celebrated  case  so  often  quoted,  in  which 
Cline  trephined  a  man  who  had  been  unconscious  for  thirteen  months  after 
a  fall  on  the  head,  which  caused  a  slight  depression  in  the  skull,  restoring 
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him  almost  immediately  to  consciousness,  will  hardly  bear  investigation.  The 
man  had  been  pressed  into  the  navy,  and  was  consequently  likely  to  feign 
disease  to  escape  from  it,  and  there  are  many  cases  of  malingering  on  record 
quite  as  extraordinary  as  his.  During  the  whole  period  of  his  insensibihty  he 
was  able  to  make  signs  with  his  "  lips  and  tongue  "  when  he  wanted  food. 
This  fact  alone  would  be  sufficient  to  throw  the  gravest  doubts  upon  the 
genuineness  of  the  case. 

Wounds  of  the  Dura  Mater.— The  great  danger  in  cases  of  depressed 
and  comminuted  fi-acture  arises  not  only  from  the  compression  of  the  brain, 
but  from  the  rapidity  with  which  inflammation  so  frequently  follows  the 
injury.    This  is  due  partly  to  the  sharp  fragments  wounding  and  irritating 
the  membranes  of  the  brain,  but  chiefly  to  the  septic  matter  which  almost 
inevitably  forms  within  the  skull  after  these  iii juries,  unless  some  means  are 
taken  to  prevent  it.    In  a  compound  depressed  fracture  the  conditions  present 
are  as  follows  :  Sharp  fragments  of  the  inner  table  are  lying  pressed  against 
the  dura  mater,  or  possibly  penetrating  it,  and  opening  the  arachnoid  cavity 
and  subarachnoid  space  and  wounding  the  brain;  the  fi-agments  are  sur- 
rounded by  more  or  less  extravasated  blood,  and  in  a  few  hours  a  considerable 
amount  of  inflammatory  exudation  will  necessarily  be  added.     All  this 
decomposable  material  is  in  communication  with  the  air  through  the  fissures 
in  the  bone,  and  at  the  same  time  these  fissures  allow  of  but  imperfect 
di-ainage  from  within  the  cavity  of  the  skull.    Consequently,  the  decomposing 
discharges  are  pent  up  and  burrow  within  the  cranial  cavity.    If  the  dura 
mater  were  not  wounded  at  the  time  of  the  accident,  it  will  inevitably  be  soon 
perforated  by  ulceration  at  the  point  at  which  the  sharp  fragments  of  the 
inner  table,  bathed  in  putrid  pus,  are  pressing  against  it.    In  either  case, 
the  arachnoid  cavity  is  opened  and  the  septic  matter  diffuses  itself  widely 
Avithin  it,  giving  rise  to  the  usual  symptoms  with  the  fatal  termination 
characteristic  of  meningo-encephalitis.    If  the  fragments  are  removed  early 
and  the  external  wound  left  open  so  as  to  provide  perfect  drainage  from  within 
the  skull,  the  dangers  of  secondary  perforation  of  the  dura  mater  are  very 
slight ;  and  even  should  that  membrane  have  been  wounded  at  the  time  of  the 
accident,  the  patient  has  a  fiiir  chance  of  escaping  diffuse  meningitis ;  for  healthy 
inflammation  with  adhesion  of  the  arachnoid  may  occur  within  a  few  hours, 
and  thus  present  a  barrier  to  the  diffusion  of  any  septic  matter  that  may  form 
afterwards.    If,  with  the  removal  of  sharp  fragments  and  the  provision  of 
good  drainage,  we  combine  some  perfect  method  of  antiseptic  treatment  of  ' 
the  Avound,  the  patient's  dangers,  though  still  great,  will  be  reduced  to 
a  minimum.    Indeed,  a  wound  of  the  dura  mater,  however  slight,  is  a , 
most  dangerous  complication.    This  is  more  especially  the  case  in  those  • 
injuries  in  which  the  inner  table  is  extensively  splintered,  as  in  the ' 
different  forms  of  punctured  fractm'e.    In  these  cases  there  may  be  no  signs  ; 
of  compression  ;  but  inflammation  speedily  sets  in,  and  proves  certainly  fatal  I 
if  the  sharp  spicula  are  not  removed  and  good  di-ainage  provided  for  such  dis-  • 
charges  as  may  form  within  the  cranium.     In  cases  which  are  not  thus -I 
relieved,  the  dura  mater  after  death  is  found  to  be  sloughy,  and  covered  with  J 
a  thick  layer  of  puriform  inflammatory  exudation  ;  whilst  the  usual  evidences 
of  meningo-encephalitis  are  found  in  the  other  membranes  and  the  brain. 
Wounds  of  the  dura  mater,  though  in  the  highest  degree  dangerous,  are  not 
necessarily  fatal.    In  military  practice  it  has  often  happened  that,  as  the  result 
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of  sabre-cuts,  portions  of  the  skull  have  been  sliced  or  split  down,  the  subjacent 
membranes  and  the  brain  itself  being  wounded,  and  yet  a  good  recovery  has 
resulted  ;  and  I  have  had  several  cases  under  my  own  care  in  which,  though 
the  dura  mater  has  been  punctured  by  spicula  of  depressed  bone,  and  portions 
of  brain  lost,  the  patients  have  made  good  recoveries.  In  many  of  the  cases 
in  which  recovery  has  thus  taken  place,  the  injury  has  been  such  as  to  provide 
efficiently  for  drainage  of  the  wound  without  the  interference  of  the  Surgeon, 

The  Treatment  of  a  depressed  and  comminuted  fracture  of  the  skull  varies 
not  only  according  to  the  nature  and  extent  of  the  accident,  but  also  to  the 
existence  or  absence  of  symptoms  of  compression  of  the  brain. 

If  there  be  no  wound  in  the  scalp,  but  the  occurrence  of  symptoms  of  com- 
pression and  the  existence  of  some  irregularity  of  the  skull  at  the  seat  of  injury 
lead  the  Surgeon  to  suspect  a  depressed  fracture,  he  should  make  a  crucial  or 
T-sl^fiped  incision  down  upon  the  part  in  order  to  examine  the  bone  ;  and,  if 
this  be  found  depressed,  he  should  elevate  or  remove  it. 

If  the  scalp  be  already  wounded,  all  that  need  be  done  to  ascertain  the 
nature  of  the  fracture,  is  to  pass 
the  finger  very  gently  into  the  wound 
and  thus  examine  the  bone.  If  any 
fragments  be  lying  loose,  they  should 
be  picked  out,  as  they  can  only 
excite  injurious  irritation  ;  any  bone 
that  is  driven  below  its  level  must  be 
raised,  and,  if  completely  detached, 
removed. 

In  order  to  raise  these  depressed 
portions  of  bone,  it  is  in  many  cases 
necessaiy  merely  to  introduce  the 
point  of  an  elevator  underneath  the 
fragment,  and,  using  the  instrument  as  a  lever,  raise  it  into  position  (^i^  ig.  :U7). 
If  there  be  not  an  aperture  sufficiently  wide  for  the  introduction  of  the  elevator, 
one  may  be  made  by  sawing  out  an  angle  of  bone  at  a  convenient  spot  by  means 
of  a  Hey's  or  cranial  saw  (Figs.  318,  319),  or  by  clipping  off  a  projecting  point 
with  the  bone-forceps.  In  this  way,  sufficient  space  may  usually  be  gained 
without  the  necessity  of  applying  the  trephine.  If,  however,  the  inner  table 
be  splintered  to  a  considerable  extent,  or  if  there  be  no  convenient  angle  that 
can  be  removed,  the  trephine  must  be  applied  in  such  a  way  that  at  least  half 
its  circle  is  situated  upon  the  edge  that  overhangs  the  depressed  bone  ;  the 
Surgeon  sawing  out  by  means  of  this  instrument  a  portion  of  the  undepressed 
skull,  in  order  that  he  may  more  conveniently  get  at  the  fragment.  After  a 
half  circle  of  bone  has  been  removed  in  this  way,  the  depressed  splinters  may 
be  taken  out,  a  Hey's  saw  still  being  occasionally  rcfiuired  before  the  whole 
can  be  removed.  It  is  interesting  to  note  that  the  instrument  familiarly  known 
as  Hey's  Saw  does  not  appear  to  have  been  invented,  though  it  was  largely 
used  and  described,  by  Mr.  William  Hey,  of  Leeds.  He  states  ("Practical 
Observations  on  Surgeiy,"  London,  1814,  p.  9),  that  the  instrument  was  first 
shown  him  by  Dr.  Cockell,  of  Pontefract,  and  that  a  saw,  formed  on  the  same 
principle,  is  represented  in  Scultetus'  Annamentarium  Chirurgicum.  In  the 
works  ofAmbroise  Pare  (edited  by  Malgaigne,  Vol.  II.,  p.  14),  will  be  found 
an  exact  representation  of  the  instrument,  with  a  straight  edge,  as  depicted 


Fig.  31". — Application  of  Elevator. 
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by  Hey,  and  as  used  afc  the  present  day.  He  says  :  "  Par  icello  on  jDeut  couper 
de  I'os  (sans  comprimer  dessus)  tant  on  si  pen  qu'on  Toudra,  sans  estre  en 
danger  de  comprimer  I'os  fracture  sur  les  membranes  ct  par  consequent  sur  le 
cerveau." 

In  wliatever  way  the  operation  be  performed,  tlie  flaps  of  scalp  should  be 
laid  down  when  it  is  completed,  and  a  suture  or  two  applied,  care  being  taken 
not  to  sew  up  the  wound  so  tightly  as  to  prevent  the  escape  of  discharges. 

On  the  introduction  of  the  antiseptic  method  of  treating  wounds,  some 
Surgeons  hesitated  to  apply  the  strong  solutions  of  carbolic  acid  used  in  that 
method  to  the  membranes  of  the  brain,  and  still  more  to  the  wounded  brain 
substance,  feariug  that  by  so  doing  they  might  cause  inflammation  as  fatal  as 
that  they  desired  to  prevent.  In  order  to  furnish  reliable  evidence  on  this  point, 


Fig.  318.— Hey's  Saw.  Fig.  319.— Application  of  Cranial  Saw. 


Gerald  Yeo  undertook  a  series  of  experiments  on  monkeys.  In  the  first  place, 
he  showed  that  in  almost  every  case  in  which  the  skull  was  opened  by  a 
trephine  and  portions  of  the  brain-substance  removed  without  antiseptic 
precautions,  death  speedily  occurred  from  meningo-encephalitis.  He  then 
performed  a  series  of  26  operations,  following  strictly  all  the  details  of  Lister's 
antiseptic  treatment ;  of  these  seven  died,  one  from  the  chloroform,  one  from 
bleeding  on  the  sixth  day,  one  thirteen  days  after  the  operation  without  any 
signs  of  inflammation  of  the  brain,  three  from  the  effects  of  cold  weather,  and 
one  only  from  diffuse  meningo-encephalitis.  In  many  of  these  animals  large 
portions  of  cereliral  substance  were  cut  away  without  causing  any  inflam- 
matory disturbance  beyond  the  area  actually  injured.  The  experiments 
showed  conclusively  also  that  a  five  per  cent,  solution  of  carbolic  acid  mav 
be  applied  with  impunity  to  the  brain  or  its  membranes. 

The  statistics  given  by  Kramer,  in  an  inaugural  dissertation  at  Breslau  in 
1880,  show  no  less  conclusively  the  great  advantages  to  be  derived  from 
antiseptic  treatment.  Of  twenty-five  cases  of  compound  fracture  of  the  skull 
with  wound  of  the  brain,  in  which  no  operation  was  performed,  ten  died,  five 
from  meningitis  and  one  from  pneumonia,  and  the  rest  directly  from  the 
injury  to  the  brain.  Of  twenty-five  cases  of  primary  trephining  for  injury, 
only  two  died,  one  from  circumscribed  meningitis  and  one  "from  diffuse 
meningo-encephalitis  ;  in  twenty-one  the  wound  healed  by  first  intention.  Of 
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six  cases  in  which  secondary  trephining  was  performed  one  only  died  with 
hernia  cerebri.  These  resnlts  are  certainly  much  better  than  any  that  bad 
been  obtained  x>i'evions  to  the  introduction  of  the  antiseptic  treatment  into 
surgery. 

The  treatment  should  be  thus  can-ied  out  ;  the  wound  must  as  soon  as  pos- 
sible be  covered  with  a  piece  of  hnen  rag  soaked  in  a  three  per  cent,  solution 
of  carbolic  acid  in  water.  The  whole  head  is  then  to  be  shaved  and  carefully 
cleaucd  with  soap  and  water.  If  necessary  it  may  be  sponged  with  a  weak 
solution  of  ammonia  to  get  rid  of  grease  ;  but,  of  course,  in  doing  this  the 
li(]uids  used  in  washing  must  not  be  allowed  to  flow  into  the  woinid.  The 
head  is  then  cleaned  with  the  carbolic  solution  (1  in  80),  and  this  may  be 
allowed  to  enter  freely  into  the  wound.  It  must  not  on  any  account  be  forcibly 
injected,  as  by  so  doing  it  might  become  widely  diffused  in  the  arachnoid 
cavity  or  the  brain  might  be  injured.  The  wound  being  thus  thoroughly 
cleaned,  the  carbolic  spray  may  be  turned  on,  and  the  operation  of  removal  of 
fragments,  or  elevation  if  necessary,  may  be  commenced.  When  this  is  com- 
pleted the  edges  of  the  wound  must  be  brought  together,  pared,  if  much  con- 
tused and  very  dirty,  provision  being  made  for  drainage,  and  the  ordinary  anti- 
septic gauze,  or  some  other  efficient  antiseptic  dressing  may  be  applied.  It  is 
not  always  possible  to  render  the  wound  thoroughly  aseptic,  as  much  dirt  may 
have  been  ground  into  it,  and  some  time  may  have  elapsed  before  the  case  is 
seen  ;  but  the  dangers  of  septic  meningitis  are  so  great  that  it  is  always  worth 
while  to  make  the  attempt  even  in  apparently  hopeless  cases.  In  country 
practice  it  will  of  course  frequently  happen  that  the  carbolic  gauze  is  not 
at  hand  ;  under  these  circumstances  the  wound,  after  having  been  thoroughly 
washed  with  carbolic  acid  lotion,  may  be  dressed  with  carbolic  oil  (1  in  10), 
and  during  the  time  it  is  necessarily  exposed  in  dressing  it  may  be  irrigated 
with  the  antiseptic  solution.  Failing  all  other  antiseptic  dressings,  the  wound 
may  be  washed  out  with  spirit  and  water  and  dressed  with  dry  lint  or  cotton 
wool,  in  the  hope  that  decomposition  of  the  discharges  may  be  prevented  by 
drying.  The  one  thing  that  is  more  certain  than  anything  else  to  ensure 
decomposition  is  washing  the  wound  with  common  water  and  applying  simple 
wet  lint  to  it,  as  was  formerly  the  universal  practice. 

All  the  precautions  previously  described  as  applicable  to  cases  of  injury  of 
the  brain,  such  as  low  diet,  purging,  perfect  quiet,  dry  cold  to  the  head,  &c., 
must  be  employed  as  rigorously  when  the  antiseptic  treatment  is  adopted  as 
when  it  is  not. 

From  the  success  that  has  attended  the  treatment  of  depression  of  the  skull 
without  fracture,  by  means  of  pneumatic  traction,  it  has  been  recommended  in 
cases  of  simple  depressed  fracture,  without  injury  of  the  brain  or  its  mem- 
branes, to  make  an  attempt  to  draw  the  depressed  portion  of  bone  to  its  normal 
level  by  means  of  a  cupping-glass,  adapted  to  the  uneven  surface  of  the  skull 
by  means  of  a  cell  of  glazier's  putty. 

In  ah  cases  of  Punctured  Fracture,  in  which,  as  before  stated,  there  is 
but  slight  injury  of  the  external  table,  with  considerable  splintering  and  depres- 
sion of  the  inner  one,  or  when  there  is  a  narrow  and  deep  depression  of  the  bone, 
the  trephine  must  be  applied  on  different  principles  fi'om  those  that  guide  us  in 
its  use  in  ordinary  depressed  fractures.  In  the  punctured  fi-acture  it  is  applied, 
not  to  remove  symptoms  of  compression  which,  in  all  probability,  do  not  exist ; 
but  with  the  view  of  preventing  the  inflammation  which  will  to  a  certainty  be 
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set  np  if  the  splinters  of  the  inner  table  and  pent-up  decomposing  discharges 
be  allowed  to  continue  irritating  the  membranes  and  brain.  Hence  it  is  a  rule 
in  surgery,  in  all  cases  of  punctured  fracture,  to  apply  the  trephine  at  once. 
In  these  cases  a  trephine  with  a  large  crown  should  be  used,  and  the  circle  of 
injured  bone  itself  must  be  sawn  away  (Fig.  ;520).  Should,  however,  the  use 
of  the  trephine  have  been  delayed  in  these  cases  until  inflammatory  action  has 
been  set  up,  the  instrument  may  still  be  applied  with  advantage.  Many  years 
ago  a  boy  was  admitted  into  University  College  Hospital,  on  the  sixteenth  day 
after  having  been  struck  on  the  side  of  the  head  by  a  large  nail,  which  pro- 
jected from  a  door  that  fell  upon  him.  No  symptoms  of  any  kind  had  occuiTed 
until  the  eleventh  day  after  the  accident,  when  he  became  dull  and  lost  his 

appetite  ;  on  the  sixteenth  day,  that  of  his  admission,  he 
had  suddenly  become  drowsy  and  delirious,  but  answered 
rationally  when  spoken  to,  and  complained  of  pain  in  the 
head.     The  pupils  were  dilated,  the  skin  hot,  and  the 
pulse  quick.    On  examinatiou,  a  small  round  ajjerture, 
from  which  some  fetid  pus  exuded,  was  discovered  on 
the  right  parietal  eminence.    On  introducing  a  probe, 
which  the  hole  just  admitted,  some  rough  bone  could  be 
Fig.  320. — Trephined  circle  felt.    S.  Cooper  immediately  trephined  the  boy,  removing 
fm^c".'^  latmS'siL.^'""'"  »  circlc  of  boue  including  the  small  aperture."  The  inner 
table  con-esponding  to  this  was  found  splintered  to  some 
extent,  and  the  dura  mater  was  thickened  and  inflamed ;  but  the  patient 
recovered  without  a  bad  symptom. 

Linear  Cuts,  as  by  sabre  or  hatchet,  into  the  skull,  penetrating  the  outer 
table,  are  apt  to  splinter  the  inner  one,  in  the  same  way  as  occurs  in  a 
"  punctured  "  fracture,  to  which  they  bear  a  close  analogy.  They  require  the 
same  preventive  trephining  that  is  needed  in  the  true  punctured  fracture, 
having  for  its  object  the  removal  of  splinters  and  spicula,  which  would  infal- 
libly produce  a  fatal  meningitis  if  left. 

In  those  rare  cases  in  which  there  is  a  Depressed  Fracture,  without ; 
symptoms  of  compression  or  even  a  wound  of  the  scalp,  the  rule  of  prac-  • 
tice  is  somewhat  unsettled,  as  to  whether  the  depressed  portion  of  bone  should : 
be  left  where  it  is,  or  an  attempt  be  made  to  elevate  it.    Sir  A.  Cooper,. 
Abernethy,  and  Dupuytren  advise  that,  if  it  do  not  give  rise  to  any  symptoms^ 
of  compression,  it  is  better  not  to  interfere  with  it ;  and  there  are  several 
cases  on  record  of  patients  who  have  recovered  in  whom  this  course  was- 
adopted,  the  depression  continuing  permanent.    That  non-interference  is  the 
proper  course  to  pursue  in  some  cases,  more  particularly  in  children,  there  can 
be  no  doubt.    I  have  had  under  my  care  a  child  in  whom,  in  consequence  of 
a  fall,  there  was  on  one  of  the  parietal  bones  a  depression  as  large  as  a  crown- 
piece,  its  edges  being  sharply  defined  :  no  signs  of  compression'' or  of  inflam-- 
mation  of  the  brain  ensued,  and  it  was  consequently  left  without  interference, 
the  child  making  an  excellent  recovery,  and  continuing  well.    Indeed  in 
children,  the  amount  of  injury  that  may  be  inflicted  on  the  brain,  not  only  b-^ 
compression,  but  by  actual  laceration,  and  yet  be  followed  by  recovely,  is  very 
surprising.  , 

In  the  adult,  the  cerebral  substance  does  not  accommodate  itself  so  readih 
to  injuries,  and  here  the  hne  of  practice  is  not  quite  so  definite.  But  even  in 
persons  of  mature  age,  under  certain  favourable  circumstances,  bone  may  be 
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depressed  and  continue  so  without  giving  rise  either  to  compression  of  the 
brain  or  to  inflammation  of  its  membranes.  I  had  once  under  my  care  a  case 
which  ilhistrated  this  point  forcibly.  The  patient,  a  middle-aged  man,  fell  on 
his  head  into  an  area,  and  stripped  off  the  gi-oater  part  of  the  scalp  from  the 
anterior  part  of  the  head  and  the  vertex ;  on  the  upper  ])art  of  the  left  parietal 
bone  was  a  starred  and  depressed  fracture  of  the  skull  as  large  as  a  florin.  As 
the  depression  was  smooth,  not  more  than  a  quarter  of  an  inch  in  dei)tli,  and 
there  vras  no  symptom  of  compression,  I  drew  the  scalp  forwards  and  left  the 
bone  untouched,  the  patient  making  an  excellent  recovery,  without  any 
symptom  of  intracranial  mischief.  I  am  acquainted  also  with  a  gentleman 
upwards  of  fifty  years  of  age,  who  has  a  depression  in  the  parietal  bone  as 
large  as  the  bowl  of  a  table-spoon,  the  result  of  a  fracture  by  a  fall  from  a 
horse  when  a  lad,  and  fi'om  which  no  inconvenience  has  resulted.  1  think, 
however,  tliat  the  expectant  treatment  should  not  be  followed  too  implicitly, 
but  that  we  must  be  guided  by  the  circumstances  of  the  particular  case.  If 
the  depression  be  nearly  uniform,  of  inconsiderable  depth,  and  occupy  a  large 
extent  of  skull,  which  is  depressed  in  a  smooth  hollow  or  bowl-like  manner, 
and  more  especially  if  the  patient  be  young  and  the  scalp  unwounded,  it  may 
be  better  doubtless  to  follow  the  advice  of  Cooper,  Aberuethy,  and  Dupuytreu, 
and  to  wait  for  symptoms  of  compression  manifesting  themselves  before  we 
interfere.  If,  however,  the  scalp  be  wounded,  the  depression  sharp,  deep,  and 
comparatively  small  in  extent,  we  may  reasonably  suspect  the  existence  of 
considerable  splintering  of  the  inner  table  ;  and  here,  I  think,  the  safer  plan 
would  be,  even  in  the  absence  of  all  symptoms  of  compression,  to  elevate  for 
the  same  reason  that  we  trephine  in  punctured  fracture — the  prevention  of 
inflammation  that  would  be  occasioned  by  the  irritation  of  the  splinters 
of  the  inner  table.  I  would  not,  however,  venture  to  dogmatize  on  this  very 
important  and  difficult  jDoint  of  practice.  The  opinions  of  the  most  expe- 
rienced Surgeons  are  at  variance  ;  and  cases  may  readily  be  adduced  on  either 
side  in  support  of  conflicting  doctrines.  It  would  appear  that  military 
Surgeons  generally  are  in  favour  of  the  expectant  plan,  and  cases  may  be 
found  in  the  works  of  Guthrie  and  Ballingall  in  support  of  this  i^ractice  ; 
and  it  is  a  remarkable  circumstance  that,  in  many  of  those  instances  in  which 
recovery  resulted  in  cases  of  depressed  fracture  of  the  skull  which  were  not 
subjected  to  operative  interference,  the  patients  were  exposed  to  great  priva- 
tions, possibly  during  a  hurried  retreat,  and  left  in  circumstances  apparently 
tiie  least  fiivourable  to  recovery.  So  far  as  my  own  experience  is  concerned, 
which  is  necessarily  drawn  purely  from  civil  practice,  I  can  say  that,  with  the 
exception  of  the  case  that  lias  just  been  referred  to,  I  do  not  recollect  ever 
having  seen  a  case  recover  in  which  a  compound  depressed  fracture  of  the 
skull  occurring  in  the  adult  had  been  left  without  operation  ;  but  I  have,  on 
!the  other  hand,  seen  several  instances  of  recovery  in  wliich  the  bone  had  been 
'elevated  and  fi-agments  removed. 

The  sooner  elevation  is  done  the  better.  Danger  docs  not  arise  from  eariy 
<  iperation,  but  from  delay.  The  presence  of  depressed  and  spiculated  fragments 
pressing  into  the  diu-a  mater  must  speedily  induce  meningo-encephalitis,  and 
■inevitably  so  if  they  become  bathed  in  decomposing  discharges.  I  have  several 
times  trephined  primarily  in  such  circumstances  as  these  with  success,  and  have 
never  had  occasion  to  re<n"et  doing  so.  Indeed,  there  is  no  class  of  cases  in 
which  the  operation  of  trephining  is  attended  by  such  successful  results  as  in 
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those  of  depressed  and  coinmiuuted  fracture.  Eyen  though  several  days  have 
elapsed  and  inflammation  has  set  in,  the  proper  treatment  will  be  to  remove 
the  depressed  and  splintered  bone,  and  thus  give  the  patient  his  only  chance— 
a  slender  one,  it  is  true— of  recovery.  In  such  adverse  circumstances  the 
patient  may,  however,  be  saved.  A  man  was  admitted  under  Liston  with  a 
long  depressed  fracture  on  the  side  of  the  head,  produced  by  the  blow  of  a 
brickbat  ;  though  no  sign  of  compression  existed,  yet  symptoms  of  cerebral 
inflammation  were  speedily  set  up,  and  Liston  trephined  him  on  the  fourth 
day  after  the  accident  ;  the  man,  who  was  perfectly  conscious,  walking  into  the 
operating  theatre.  A  considerable  sphntering  of  the  inner  table  was  found,  the 
fi-agments  of  which  were  removed.  The  dura  mater  having  been  punctured 
by  one  of  the  spicula  of  bone,  diff\ise  suppuration  of  the  membranes  of  the  brain 
set  in,  and  the  patient  died  in  a  few  days.  In  this  case,  however,  the  necessity 
for  early  trephining  was  clearly  indicated,  notwithstanding  the  absence  of  any 
symptom  of  compression. 

The  Ultimate  Results  of  Fracture  of  the  SkuU  in  those  who  recover 
will  more  or  less  closely  resemble  the  conditions  given  at  p.  718,  as  the  conse- 
quences of  contusion  of  the  cranium  without  fracture.  Epilepsy  was  very 
frequent  in  the  American  war  cases  ;  so  also  partial  or  complete  loss  of  vision 
was  one  of  the  common  sequences  of  such  injuries.  When  deafness  occurred, 
it  was  generally  connected  with  impairment  of  other  special  senses,  and 
often  of  the  mental  faculties. 

When  a  depressed  fracture  of  the  skull  is  complicated  with  a  Fracture 
or  other  Injury  of  the  Spinal  Column,  it  is  sometimes  difficult  to  know 
which  symptoms  are  due  to  the  one  accident,  and  which  to  the  other. 
In  such  a  case  as  this,  however,  we  should,  I  think,  treat  the  depressed 
fracture  irrespectively  of  the  spinal  injury,  thus  giving  the  patient  a 
chance  of  recovery,  of  prolongation  of  life,  or,  at  least,  of  return  of  con- 
sciousness before  death.  A  man  was  admitted  under  my  care  into  the 
Hospital,  with  depressed  fracture  of  the  left  parietal  bone,  and  injury  of  the 
cervical  spine,  the  precise  nature  of  "which  could  not  be  accurately  detenniued. 
He  was  in  a  state  of  complete  coma  and  paralysis.  I  trephined  the 
skull  and  elevated  the  depressed  portion  of  bone  ;  he  recovered  his  con- 
sciousness to  a  great  degree,  but  died  in  a  few  days,  apparently  from  injury 
to  the  spine.  On  examination  after  death,  we  found  a  fi-acture  of  the  fifth 
cervical  vertebra. 

INJUBIES  OF  THE  CONTENTS  OF  THE  CRA.NIUM. 

Wounds  of  the  Brain  and  its  Membranes  are  frequent  in  injuries  of 
the  head,  and  are  among  the  most  important  complications  of  these  accidents. 
The  extent  of  injury  inflicted  upon  the  cerebral  substance  has  wide  hmits. 
from  slight  laceration  without  exposure,  to  denudation  of  the  brain,  disintegra- 
tion, and  escape  of  large  portions  of  its  substance. 

Causes. — Injury  to  the  brain  may  be  occasioned  in  various  ways.  The 
simplest  form  is,  perhaps,  that  which  is  frequently  met  with  in  undepressed 
fracture  of  the  skull  and  sometimes  happens  without  fracture,  from  simple 
concussion  or  commotion. 

Under  these  circumstances  the  laceration  of  the  cerebral  substance  occurs 
in  most  cases  on  the  side  of  the  head  opposite  to  that  on  which  the  violence  is  ^ 
applied,  usually  at  a  point  exactly  opposite  to  that  struck;  much  less  frequently- 
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it  is  found  immediately  beneath  the  part  of  the  skull  which  received  the  blow. 
Laceration  of  the  brain  is  the  commonest  cause  of  death  in  simple  ft-acture  of 
the  skull,  the  fracture  itself  when  not  compound  being  no  more  dangerous 
than  a  similar  injury  of  any  other  bone.  It  is  attended  by  extravasation  of 
blood  proportional  to  the  amount  of  injury  done  to  the  brain-tissue,  and  in 
severe  cases  this  is  sufficient  to  give  rise  to  symptoms  of  compression  which 
completely  mask  any  special  signs  of  cerebral  laceration. 

The  regions  of  the  brain  most  commonly  injured  are  the  anterior  parts  of 
the  frontal  and  temporo -sphenoidal  lobes.  This  is  due  partly  to  the  irregu- 
larity of  the  surfaces  of  the  bones  against  which  these  lobes  lie,  but  much  more 
to  the  fact  that  the  posterior  and  postero-lateral  parts  of  the  skull,  and  the 
vertex  are  the  most  exposed  to  injury  from  falls  and  blows.  Thus  when 
a  person  slips  suddenly  up  in  frosty  weather  and  strikes  the  back  of  his  head 
on  the  pavement  there  may  be  no  external  sigu  of  serious  injury,  nor  any 
fractnrc  of  the  skull  ;  yet  laceration  of  the  auterior  portions  of  the  cerebral 
hemispheres  frequently  occurs  at  the  point  exactly  opposite  to  that  struck. 

The  explanation  before  given  of  this  fact — that  the  chief  laceration  is 
opposite  the  point  struck — is  that  the  blow  starts  a  wave  in  the  soft  cerebral 
substance  which  breaks  against  the  bone  on  the  other  side.  In  very  rare 
cases  it  is  possible  to  trace  the  course  of  this  wave  by  hasmorrhages  in  the 
cerebral  substance  in  its  track.  Thus  not  long  ago  a  case  occurred  in  Univer- 
sity College  Hospital  in  which  a  man  received  a  blow  from  a  fall  on  the  left 
side  of  the  forehead.  He  lived  ten  days,  and  at  the  post-mortem  examination 
a  bruise  was  found  of  the  brain  in  the  frontal  lobe  at  the  point  which  first 
received  the  violence,  and  exactly  opposite  this  on  the  right  occipital  lobe  was 
another  bruise  ;  in  a  straight  line  between  the  two  bruises  was  a  hsemorrhage 
into  the  right  optic  thalamus.  Very  sudden  and  violent  blows,  such  as  non- 
penetrating bullet-wounds,  usually  lacerate  the  brain  immediately  beneath 
the  part  of  the  skull  struck,  and  some  of  the  most  typical  cases  of  localized 
cortical  injuries  of  the  brain  are  consequently  to  be  found  in  the  records  of 
military  surgery. 

The  brain  and  its  membranes  are  often  lacerated  by  the  sliarp  spicula  of  a 
depressed  fracture,  which  may  penetrate  to  a  considerable  depth  in  its  substance. 
And,  lastly,  the  injury  may  be  occasioned  by  foreign  bodies,  such  as  bullets, 
traversing  or  lodging  in  the  head ;  by  sabre-  or  axe-wounds,  or  by  stabs  and 
punctures  through  the  thinner  portions  of  the  skull,  especially  the  orbital  plate 
of  the  frontal  bone.  In  this  way  a  piece  of  stick,  tobacco-pipe,  the  point  of 
a  knife,  or  a  scissor-blade,  may  puncture  the  anterior  part  of  the  brain. 

The  Post-mortem  Appearances  of  laceration  of  the  brain  vary  with  the 
degree  of  injury  and  the  time  the  patient  survives  before  death  takes  place. 
In  a  recent  case  every  stage  may  be  met  with,  from  a  mere  superficial  bruise, 
marked  by  a  few  points  of  extravasated  blood  in  the  grey  matter,  which  still 
maintains  its  natural  form  and  consistence,  to  extensive  laceration  and  crush- 
ing, in  which  the  grey  matter,  and  a  greater  or  less  amount  of  the  white  is 
reduced  to  a  pulpy,  disintegrated  mass,  mixed  with  clots  of  blood.  In  the 
cases  of  simple  bruising  there  is  no  extravasation  of  blood  in  the  neighbour- 
hood of  the  injury  ;  in  severe  laceration  clots  are  found  superficially  adhering 
to  the  injured  part  of  the  brain,  and  extending  widely  both  in  the  sub- 
arachnoid space  and  the  cavity  of  the  arachnoid,  sometimes  completely  cover- 
ing one  hemisphere  with  a  thick  layer  of  coagulum.    Occasionally  the  extra- 
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rasated  blood  may  have  forced  its  way  into  the  suhstance  of  the  brain,  and 
even  have  burst  iiito  the  lateral  ventricle  ;  but  this  is  very  rare. 

If  the  patient  survive  beyond  the  third  day,  marked  inflammatory  changes 
may  be  found  at  the  injured  spot ;  this  is  especially  the  case  in  lacerations  due 
to  penetrating  wounds  or  accompanying  compound  fi'actures  in  which  the 
dura-mater  is  torn.  In  these  cases  the  T)rain-substance  is  softer  than  natural 
at  the  injured  spot,  and  is  washed  away  readily  with  a  stream  of  water.  At 
the  injured  ]3art  are  the  remains  of  the  extravasated  blood  :  round  about  it 
the  brain  substance  is  redder  than  natural.  In  addition  to  the  local  mischief, 
the  whole  brain  usually  presents  the  appearances  before  mentioned,  as  indi- 
cating meningo-encephalitis  ;  the  pia-mater  is  gorged  with  blood,  and  infil- 
trated with  greenish,  puriform,  inflammatory  exudation,  starting  from  the 
injured  spot  and  extending  more  or  less  widely  in  all  directions  ;  there  is  a 
slight  excess  of  cerebro-spinal  fluid  in  some  cases,  but  in  others  the  surface  is 
almost  dry,  and  the  convolutions  are  slightly  flattened  fi-om  swelling  of  the 
brain ;  the  grey  matter  is  everywhere  redder  than  natural,  the  red  points  seen 
in  sections  of  the  white  substance  are  too  numerous,  and  the  ventricles  often 
contain  an  excess  of  fluid.  Supposing  the  patient  to  have  escaped  the  imme- 
diate dangers  of  acute  local  inflammation  and  meningo-encephalitis,  it  is  still 
possible  that  death  may  occur  at  a  later  period  from  softening  round  the 
injured  spot.  This  softenmg  is  a  result  of  the  interference  with  the  circula- 
tion from  the  injury  to  the  vessels  and  the  conse(|uent  hajmoiThage,  and  of 
the  local  iuflamraation  follomng  the  injury.  As  the  effect  of  this,  the  brain- 
tissue  and  the  inflammatory  exudation  together  undergo  fatty  degeneration, 
forming  a  yellowish  pulpy  mass,  which  Avashes  away  readily  under  a  stream  of 
water,  the  condition  being  known  as  yellow  softening.  The  microsco])e  shows 
innumerable  flitty  granules  and  granular  cells,  with  sometimes  recognizable 
debris  of  the  nerve-fibres  of  the  white  matter.  It  is  possible  that  recovery 
may  take  place  even  after  softening  of  an  area  of  some  size,  the  degenerated 
tissue  being  absorbed  and  a  small  superficial  defect  left  in  the  surface  of  the 
brain. 

In  cases  in  which  recovery  takes  place  without  these  unhealthy  changes,  a 
small  tough,  opaque  scar,  depressed  below  the  surface,  is  left  in  the  cortex,  to 
which  the  membranes  become  firmly  adherent.  In  the  centre  of  the  cicatrix 
may  be  a  darker  patch  containing  crystals  of  hajmatoidin,  indicating  its 
hemorrhagic  origin.  If  much  blood  have  been  extravasated  into  the  cavity 
of  the  arachnoid,  it  occasionally  happens  that,  instead  of  being  completely 
absorbed,  it  becomes  decolourized  and  partly  organized,  forming  a  layer  often 
of  almost  leathery  consistence  and  of  dirty-brownish  colour,  which  remains 
permanently  adherent  to  one  or  both  sides  of  the  arachnoid  space.  Occasion- 
ally it  forms  a  complete  cyst,  flattened  out  in  the  arachnoid  cavity,  and  con- 
taining merely  a  trace  of  fluid.  Such  cysts  are  usually  adherent  to  the  dura- 
mater,  ])ut  have  been  found  loose  in  the  arachnoid  space. 

Symptoms  and  Effects.— The  symptoms  and  results  of  wound  or  lacera- 
tion of  the  brain  vary  greatly  according  to  the  nature  of  the  accident,  the  seat 
of  the  injury,  the  age  of  the  patient,  and  other  conditions  which  cannot  always 
be  very  readily  determined. 

The  ordinary  symptoms  of  laceration  of  the  brain  are  at  first  merely  those 
of  concussion  already  described  (p.  (598).  As  before  stated,  "  concussion  of 
tlie  brain  "  is  a  clinical  expression  only,  and  probably  iu  all  cases  in  \;\i\d\  the 
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patient  rallies  slowly,  aucl  certainly  in  those  in  which  a  return  of  consciousness 
is  delayed  over  twelve  hours,  there  is  more  or  less  bruising  and  laceration  of 
the  cerebral  substance.  If,  as  the  patient  rallies,  the  symptoms  of  con- 
cussion gradually  merge  into  those  of  compression  (p.  700),  within  twelve  or 
eighteen  hours,  we  may  be  sure  that  this  is  due  to  haemorrhage  Avithin  the 
skull,  either  from  a  laceration  of  the  brain  or  from  wound  of  a  meningeal 
artery  or  a  venous  sinus.  The  diagnosis  of  tliis  latter  condition  will  be 
referred  to  further  on.  If  soon  after  the  injury  cerebral  irritation  (see  p.  700) 
sets  in,  we  may  be  certain  that  laceration  of  the  brain  is  present.  Violent 
convulsions  occurring  within  twelve  hours  of  an  injury  to  the  head  are  ahnost 
invariably  due  to  hemorrhage  from  a  laceration  of  the  brain,  either  tearing 
down  the  brain  substance  in  the  region  of  the  motor  centres  or  diffusing  itself 
widely  in  the  arachnoid  cavity.  Lastly,  impairment  of  function  in  any  part 
of  the  brain,  with  the  function  of  which  we  are  acquainted,  occurring  as  the 
direct  result  of  injury,  maybe  looked  upon  as  evidence  of  bruising  or  laceration 
of  that  part.  On  the  second  day  the  temperature  rises  to  about  100°  F.  in  all 
cases  of  laceration  of  the  brain,  and  by  the  third  day  it  is  usually  101"  F.  or 
lo2°  F.,  even  when  the  air  is  excluded  from  the  injured  part. 

If  the  case  becomes  complicated  by  septic  meningo-encephalitis,  the  symp- 
toms of  this  affection  (p.  703)  mask  all  those  which  are  specially  indicative 
of  laceration.  If  the  patient  escape  this  danger  he  is  still  liable  to  local 
inflammation  round  the  injured  area.  Supposing  him  to  have  regained 
consciousness,  he  will  complain  of  fixed  headache  at  the  injured  spot.  This  is 
especially  marked  if  the  laceration  be  in  the  anterior  part  of  the  frontal  lobes. 
If  Hitzig  and  Ferrier's  motor  area  be  affected,  the  commencement  of  local 
inflammation  is  frequently  marked  by  violent  convulsions  ;  and  alarming  as  this 
S}Tnptom  is  both  to  the  Surgeon  and  the  friends  of  the  patient,  it  is  by  no 
means  to  be  looked  upon  as  a  hopeless  one.  If  between  the  fits  the  patient 
regains  consciousness,  there  is  still  good  hope  of  his  reco^'ery,  especially  if 
he  is  young  and  otherwise  healthy.  When  the  patient  recovers,  persistent 
localized  paralysis  or  permanent  loss  of  some  mental  faculty  may  be  taken  as 
conclusive  evidence  that  the  brain  has  been  more  or  less  severely  lacerated. 
Suppuration  round  a  lacerated  area  is  indicated  by  gradual  increase  of  the 
disturbance  of  function — as  spreading  paralysis,  loss  of  consciousness,  and 
perhaps  convulsions — combined  with  the  symptoms  already  given  as  indicative 
of  the  formation  of  pus  within  the  skull  (p.  700),  coming  on  some  four  or  five 
days,  or  even  some  weeks  after  the  accident  ;  but  similar  symjUoms  may  occa- 
sionally arise  from  inflammatory  or  yellow  softening  without  the  actual  forma- 
tion of  pus. 

These  being  the  general  symptoms  of  laceration  of  the  brain,  it  remains  to 
be  considered  how  they  may  be  varied  or  modified  by  the  nature  of  the  injury 
and  other  circumstances. 

The  Nature  of  the  Injiirj/.  If  the  brain  be  injured  directly  by  some  sharp- 
pointed  or  cutting  instrument,  as  a  sword  or  hatchet,  the  symptoms  of  con- 
cussion may  be  entirely  wanting  ;  the  patient  may  not  suffer  from  even 
momentary  loss  of  consciousness.  The  same  may  occur  when  a  blow  with 
some  angular  body  is  received  on  the  thin  portions  of  the  skull.  Thus  a  young 
man  was  admitted  into  University  College  Hospital  suffering  from  an  injury 
to  the  brain  which  caused  aphasia  and  facial  paralysis,  received  in  a  fall 
against  some  steps.    In  spite  of  the  severity  of  the  injury  he  did  not  lose  con- 
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scionsness,  or,  if  he  did,  it  was  certainly  for  less  than  one  minute.  In  punc- 
tured fractures  the  patient  frequently  walks  to  the  hospital  unconscious  of 
having  received  any  further  injury  than  a  cut  head.  It  is  not  even  uncommon 
to  see  a  patient  with  a  wound  from  which  broken  down  fragments  of  brain 
substances  are  protruding,  and  who  is  yet  perfectly  conscious  and  has  suffered 
only  from  a  few  minutes  of  insensibility.  On  the  other  hand,  when  the 
laceration  is  due  to  a  more  diffused  blow  on  the  head,  in  those  cases  in  fact  in 
which  it  is  situated  on  the  opposite  side  to  that  struck,  concussion  is  almost 
always  more  or  less  distinctly  marked.  In  these  the  injury  is  more  diffused, 
and  seldom  at  first  capable  of  accurate  localization,  for  in  addition  to  the  local 
injury  the  whole  brain  has  been  shaken  and  concussed.  Under  such  circum- 
stances, it  is  not  surprising  that  the  return  of  consciousness  is  often  delayed 
for  days  or  even  weeks. 

The  Localitij  of  the  Iivjury.  Until  comparatively  recently  we  had  no  means 
at  our  command  by  which  we  could  with  any  certainty  recognize  the  exact  part 
of  the  brain  which  was  bruised  or  lacerated  by  an  accident  unless  the  nature 
of  the  injury  was  such  as  to  leave  no  doubt  that  the  cerebral  substance  was 
wounded  directly  beneath  the  part  of  the  skull  to  which  the  violence  had  been 
applied.  It  was  known  that  injuries  to  one  side  of  the  brain  caused  paralysis 
of  the  opposite  side  of  the  body  and  face,  and  that  sometimes  the  paralyses 
affected  merely  a  part  of  one  side,  and  were  very  temporary  in  their  character ; 
that  in  other  cases  extensive  injuries  of  the  brain  were  not  accompanied  by  any 
interference  with  motor  power  ;  but  there  was  no  accurate  knowledge  by  which 
the  seat  of  the  injury  could  even  approximately  be  determined  by  the  symptoms. 
The  earliest  definite  attempt  to  localize  an  injury  in  the  cerebral  hemi- 
spheres was  made  by  Broca,  who  pointed  out  in  1861  that  the  condition 
now  known  as  aphasia,  in  which  the  patient  loses  the  faculty  of  converting 
his  ideas  into  articulate  speech,  is  associated  almost  invariably  with  some 
definite  lesion  of  the  posterior  part  of  the  third  left  frontal  convolution  ;  but 
it  is  to  the  experiments  of  Hitzig  in  1870  and  1871,  and  of  Ferrier  in  1873 
and  the  following  years,  that  we  owe  the  full  establishment  of  the  doctrine  of 
the  localization  of  the  cerebral  functions.  The  observations  of  these  Physiolo- 
gists have  been  confirmed,  and  their  important  bearing  on  practical  medicine 
and  surgery  demonstrated  by  the  clinical  and  pathological  researches  of 
Charcot,  Lucas-Championiere,  Bergmann,  and  many  others.  As  the  result 
of  experimental  observations  upon  the  brains  of  dogs,  monkeys,  and  other 
animals,  it  has  been  demonstrated  that  the  cortical  matter  of  the  brain  in  the 
region  of  the  sulcus  of  Ptolando  is  the  seat  of  various  centres  which  are 
connected,  in  some  way  at  present  not  fully  understood,  with  the  voluntary 
muscular  movements  of  the  body.  Hitzig  and  Ferrier  showed  that  if  certain 
definite  points  in  this  area  are  stimulated  by  an  extremely  weak  Faradic 
current  definite  groups  of  muscles  on  the  opposite  side  of  the  body  are  thrown 
into  action  ;  when  the  strength  of  the  current  is  increased  the  resulting  move- 
ments are  no  longer  accurately  limited  but  extend  to  a  whole  limb  or  the 
whole  side  of  the  body  ;  a  still  stronger  current  gives  rise  to  a  general  epilepti- 
form convulsion  affecting  the  whole  body  and  accompanied  by  loss  of  con- 
sciousness. Destruction  of  these  definite  areas  causes  paralysis  of  the  corre- 
sponding group  of  muscles,  but  the  evidence  as  to  the  permanence  of  this 
paralysis  is  somewhat  conflicting.  It  seems  probable  that  it  is  more  permanent 
in  the  higher  than  the  lower  animals,  as  in  monkeys  Ferrier  succeeded  in  per- 
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maiiently  paralysing  one  side  of  the  body  by  destruction  of  the  cortical  motor 
centres  on  the  opposite  side  of  the  brain. 

Clinical  observations  have  shown  that  injuries  of  the  convolutions  in  the 
region  of  the  sulcus  of  Rolando  in  the  human  subject  are  accompanied  by 
symptoms  agreeing  in  every  respect  with  those  experimentally  produced  by 
Hitzig  and  Ferrier  in  animals.    These  symptoms  may  be  divided  into  primary 
and  secondary,  according  as  they  are  immediately  induced  at  the  time  of 
the  injury,  or  appear  later  on  as  the  result  of  inflammatory  mischief  around  the 
injured  part  of  the  cortex.  Wheu,  as  the  result  of  either  primary  or  secondary 
mischief,  a  distinct  group  of  muscles  is  paralysed,  the  term  monoplegia  is 
appHed  to  the  condition  ;  when  a  similar  group  is  thrown  into  spasm,  it  is 
spoken  of  as  monospasm.    Thus,  if  the  upper  hmb  alone  is  affected  it  would 
be  described  as  brachial  monoplegia,  or  monospasm,  as  the  case  might  be.  If 
a  patient  receive  a  blow  upon  the  head,  and,  on  recovering  consciousness,  it  is 
found  that  a  localized  paralysis  is  present,  we  conclude  that  there  exists  a 
laceration  of  some  severity  in  the  cortical  centre  corresponding  to  the  muscles 
implicated.    If  almost  immediately  after  the  injury  there  is  a  distinct  spasm, 
affecting  a  localized  group  of  muscles,  a  monospasm,  we  conclude  that 
hfcmorrhage  is  going  on  from  the  lacerated  brain  substance,  and  irritating 
or  breaking  down  the  tissue  of  the  centre  corresponding  to  the  affected 
muscles ;  if  the  monospasm  extends,  first  affecting  the  whole  side  of 
the  body  and  finally  both  sides,  so  that  the  attacks  assume  the  form  of 
true  epileptic  fits,  it  is  probable  that  the  extravasated  blood  is  extending 
over  the  surface  of  the  brain  and  irritating  more  or  less  widely  the 
whole  motor  area.    As  shown,  however,  by  the  experiments  before  mentioned, 
it  is  not  necessary  for  both  sides  of  the  brain  to  be  injured  in  order  to  produce 
a  general  spasm  ;  a  violent  irritation  at  one  spot  only  is  sufficient.  Conse- 
quently it  is  possible  that  such  convulsions  might  be  caused  by  htemorrhage 
breaking  down  the  brain-tissue  in  a  limited  area.    The  convulsions  in  these 
cases  usually  assume  a  regular  course  ;  the  fit  commences  by  twitching  of  that 
part  which,  in  the  intervals  of  the  fits,  is  most  clearly  paralysed;  thus, 
in  an  injury  in  which  the  centre  of  the  right  side  of  the  face  is  chiefly 
affected,  and  in  which  facial  paralysis  is  well  marked,  the  fit  commences  by 
twitching  of  the  right  side  of  the  face,  then  the  head  is  turned  forcibly  to  that 
side,  then  the  right  arm  enters  into  the  spasm,  then  the  right  leg,  after  wliich 
the  left  leg,  left  arm  and  left  side  of  face  are  affected  in  the  order  mentioned. 
During  the  spasm  the  muscles  of  respiration  become  fixed,  the  face  becomes 
livid,  and  the  patient  frotlis  at  the  mouth  as  in  a  genuine  epileptic  fit.  The 
attacks  of  convulsions  often  occur  in  rapid  succession,  and  after  each  the 
paralysis  may  be  found  to  have  extended  ;  the  return  to  the  normal  state 
between  the  fits  may  become  less  and  less  perfect,  and  finally  coma  may  set  in. 
In  such  a  case  if  coma  is  complete  within  twenty-four  hours  of  the  accident 
haemorrhage  fi.'om  a  lacerati  be  diagnosed  with  tolerable  safety,  and 

the  question  of  trephining  might  arise,  the  site  of  the  operation  being  deter- 
mined, not  by  the  situation  of  any  external  wound  or  bruise,  but  by  the  in- 
dications of  cortical  lesion  furnished  by  the  paralyses  and  spasms.  It  may 
happen,  however,  that  the  convulsions  may  not  come  on  till  the  third,  fourth, 
or  fifth  day.  They  are  then  in  some  cases  of  compound  fracture  due  to  septic 
meningitis  extending  over  the  motor  area.  In  cases  without  an  open  wound 
convulsions  at  this  period  are  due  to  inflammatory  hypersemia  extending 
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roiuid  the  injured  spot.  In  favourable  cases  this  frequently  subsides,  and  the 
patient  recovers ;  but  in  others  it  goes  on  to  serious  inflammatory  cedema  of 
the  brain-substance,  the  convulsions  increase  in  intensity  and  are  repeated 
more  fi-equently,  the  return  to  the  normal  state  between  the  fits  becomes 
less  and  less  perfect,  and  finally  coma  sets  in  and  death  occurs.  If  the 
laceration  be  situated  near,  but  not  in  the  motor  area,  there  may  be  no 
paralysis  till  after  the  convulsions,  and  the  paralysis  may  then  gradually 
extend  after  each  convulsion,  indicating  the  gradual  spread  of  the  inflammation 
into  the  region  of  the  motor  centres.  In  other  cases  again,  the  superficial 
motor  centre  may  hii  affected  at  a  much  later  period  by  the  formation  of  an 
abscess  in  the  substance  of  the  brain.  It  is  in  these  cases,  perhaps,  that  the 
study  of  the  locahzation  of  the  functions  of  the  cerebral  hemispheres  is  of  the 
greatest  importance,  enabling  the  Surgeon  to  determine  the  exact  seat  of  the 


Fig.  3-21.— Convolutions  of  tlie  Brain  ;  S.  Fissnro  of  Sylvius:  Sc.  Anterior  Limb;  S'-.  Posterior  Limb  of 
Fissure  of  Sylvius  ;  K.  Fissure  of  Rolando;  PO.  Parieto-occipital  Fissure;  IP.  Inter-parietal  Fissure; 
PT.  Parallel  Fissure;  SF.  Superior  Frontal  Sulcus;  IF.  Inferior  Frontal  Sulcus  ;  F  1,  F  2,  F  :J.  Superior, 
Jlifldle,  and  Inferior  Fi-ontal  Convolutions  ;  F4.  Ascending  Frontal  Convolution;  PI.  Ascending  Parietal 
Convolution;  P  2.  Snjierior  Parietal  Convolution  ;  P:!.  Supra-marginal  Lobule  ;  P4.  Angular  Convolution  ; 
TSl,  TS2,  TS3.  Superior,  Middle,  and  Inferior  Temporo  -  sphenoidal  Convolutions;  ()  1,  <)2,  Su- 
perior, Jliddle,  and  Inferior  Occipital  Convidutions  ;  R".  Uroca's  Convolution.  (From  Lueas-Championiere.) 


secondary  lesion.  In  the  primary  lesion,  the  external  injury  of  the  scalp  or 
skull  will  often  suffice  to  lead  the  Surgeon  to  a  con'cct  estimate  as  to  the  seat 
of  the  injury  to  the  brain ;  but  in  secondary  or  consecutive  disease,  such 
guides  may  be  entirely  wanting. 

The  following  is  a  short  summary  of  the  combined  results  of  experimental, 
clinical,  and  pathological  observations  as  applied  to  the  human  brain. 

1.  Aphasia  is  dependent  on  a  lesion  of  the  posterior  extremity  of  the  third 
or  inferior  fi'ontal  convolution  of  the  left  side — Broca's  convolution  (Fig.  321, 
between  F?>'  and  Tl"). 

2.  Facial  Paralysis  depends  on  a  lesion  of  the  lower  third  of  the  ascend- 
ing frontal  com  olution  (F4),  and  the  contiguous  part  of  the  posterior  end  of 
the  second  frontal.  The  anterior  part  of  this  area  is  chiefly  concerned  in  the 
movements  of  the  upper  part  of  the  face.  The  posterior  part,  which  extends 
to  the  lower  third  of  the  ascending  parietal  convolution,  controls  the  move- 
ments of  the  lip  and  mouth.  The  fact  that  these  centres  are  close  to  BrocaV 
convolution,  explains  the  frequent  combination  of  facial  palsy  and  aphasia. 
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8.  Paralysis  of  the  Upper  Limb  or  brachial  monoplegia  indicates  an 
aftectioii  of  the  middle  portion  of  the  ascending  frontal  convolution,  and  the 
coutignous  part  of  the  ascending  parietal  on  the  other  side  of  the  Sulcus  of 
Rolando  (about  the  spot  marked  R').  This  centre  being  immediately  above 
those  for  the  face,  it  is  common  to  meet  with  a  combination  of  facial  ])alsy 
and  paralysis  of  the  arm. 

4.  Paralysis  of  the  Lower  Limb  hidicates  a  lesion  of  the  upper  extremity 
of  the  ascending  parietal  convolution,  and  of  the  posterior  parietal  lobule  lying 
behind  it,  and  reaching  to  the  margin  of  the  longitudinal  fissure  (P2). 

The  foregoing  localizations  are  agreed  upon  by  almost  all  observers  ;  but 
a))out  some  others,  there  is  a  difference  of  opinion.  Ferrier  states,  that  in 
front  of  the  centres  for  the  upper  limb,  in  the  superior  frontal  and  part  of  the 
middle  convolutions,  reaching  to  near  the  longitudinal  fissure  of  the  brain  is  a 


Fij,'.  322.— Tlip  Rcl.'itiim  of  the  C'onvolutidiis  to  the  Bones  and  Surface  of  tlie  Skull.  R.  Fis.sni-e  of 
Rolando;  J'o.  Ascending  Fanetal ;  F(t.  A.scending  Frontal  Convolution  ;  F  3.  Broca'.s  Convolution.  (From 
Lucas-Cham  iiionil-re.) 

centre  which  controls  lateral  movements  of  the  head  and  eyes  and  dilatation  of 
the  i^upil,  the  oculo-motor  centre.  He  states  also  that  there  is  a  centre  for 
vision  along  the  lower  part  of  the  parietal  lobe,  and  one  for  hearing  in  the 
first  or  superior  temporo-sphenoidal. 

The  above  facts  may  be  made  more  clear  by  a  few  typical  cases. 

In  1881,  a  young  man,  age  20,  was  admitted  into  University  College 
Hospital  on  the  second  day  after  he  had  received  a  rather  ^■iolent  blow  on  the 
left  temple  in  a  fall  from  some  steps.  On  manipulating  his  head,  a  sensation 
was  felt  as  if  a  small  round  piece  of  the  thin  part  of  the  bone  in  tliat  region 
had  been  broken  loose ;  it  was  not  depressed,  and  as  farther  manipulation 
seemed  dangerous,  pressure  was  not  repeated  on  it.  He  was  not  stunned  by 
the  accident,  or  at  most  for  a  few  seconds  only,  but  immediately  lost  the 
poAver  of  speech  ;  he  could  understand  what  was  said  to  him,  but  could  say 
"'yes,"  and  "no,"  and  nothing  more.  On  the  third  day  there  was  distinct 
paralysis  of  the  lower  facial  muscles  on  the  right  side  ;  on  the  fifth  day,  a 
clonic  spasm  commenced  in  the  lower  fecial  nmsclcs,  and  gradually  extended 
to  the  ujjper,  and  he  lost  consciousness.  This  lasted  nearly  half  an  hour, 
when  he  recovered,  and  was  leeched  over  the  injured  spot,  after  which  he  fell 
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into  a  sound  sleep,  and  from  that  time  rapidly  improved,  being  practically 
well  by  the  fifteenth  day. 

A  gentleman,  age  39,  was  thrown  from  his  horse,  striking  his  head  violently 
on  the  ground.  He  was  taken  up  insensible,  and  was  found  to  have  a  con- 
siderable extravasation  in  the  right  occipital  region  ;  there  were  no  signs  of  frac- 
ture. He  soon  regained  partial  consciousness  ;  he  was  quite  unable  to  speak, 
and  did  not  seem  to  recognize  anyone,  but  from  the  first  he  got  out  of  bed  to 
make  water,  and  showed  signs  of  discomfort  when  he  wanted  to  use  the  bed- 
pan. On  the  second  day,  he  was  restless  and  his  mental  condition  the  same. 
On  the  fifth  day,  he  could  give  the  right  or  left  hand  when  asked,  though  his 
mind  was  very  far  from  clear  ;  his  speech  was,  hoAvever,  e\adently  worse  than  the 
state  of  his  mind  could  account  for ;  he  used  only  a  few  words,  repeating 
them  frequently ;  there  was  no  paralysis.  On  the  sixth  day,  he  had  violent 
convulsions,  commencing  with  twitching  of  the  right  side  of  i\ice,  followed  by 
turning  of  the  head  to  the  right,  a  rigid  spasm  of  the  right  arm,  then  of  the 
leg  ;  the  spasm  then  became  clonic  and  affected  the  left  leg  and  arm,  and  finally 
the  left  side  of  the  face.  Between  10.30  a.m.  and  2.30  p.m.,  he  had  twenty- 
one  convulsions  ;  his  head  was  shaved,  and  he  was  leeched,  and  the  convul- 
sions ceased.  The  following  day  it  was  noticed  that  the  right  side  of  the  face 
was  paralysed.  From  this  time  his  recovery  was  slow,  but  uninterrupted.  It 
was  many  months  before  he  regained  the  full  use  of  words,  and  during  that 
time  he  was  haunted  by  an  idea  which  he  could  not  explain.  Six  months  after, 
he  had  a  violent  epileptiform  fit,  preceded  by  aphasia,  lasting  some  minutes, 
but  he  recovered  without  any  evil  consequences  ;  he  was  sulfering  at  the  time 
from  dyspepsia  and  constipation.  On  the  first  anniversary  of  his  accident, 
he  had  a  similar  fit,  from  which  time  till  the  present  he  has  remained  well. 

In  the  surgical  history  of  the  American  war  is  recorded  the  case  of  a  man 
who  received  a  bullet-wound  grazing  the  skull  from  the  upper  part  of  the 
frontal  region  to  the  vertex.  The  right  arm  was  immediately  paralysed,  at 
first  only  partially,  but  gradually  the  whole  limb  became  powerless.  Nine 
months  after  the  wound  he  was,  however,  well  enough  to  be  returned  to  duty. 

Guthrie  records  a  case  of  a  soldier,  aged  40,  who  was  wounded  at  Waterloo  ' 
by  a  bullet,  which  passed  across  his  head  close  to  the  vertex,  fracturing  and . 
depressing  both  parietal  bones.  He  was  stunned  by  the  blow,  and  when  he 
recovered  found  he  had  lost  power  in  both  legs.  He  was  trephined  ten  days ; 
after  the  battle  and  made  a  good  recovery,  ultimately  regaining  much  power ; 
in  his  legs. 

These  cases  sufficiently  illustrate  the  chief  clinical  features  of  injuries  affect-' 
ing  the  motor  region  of  the  cortex  of  the  hemispheres.    On  each  side  of  this; 
motor  region  is  an  area  the  functions  of  which  are  not  yet  ascertained.    It  is  \ 
well  known  that  large  portions  of  the  anterior  parts  of  the  frontal  lobes  ma}- 
be  lost  without  the  patient  showing  any  api^reciable  change  either  mentally  or 
physically ;  of  the  occipital  region  even  less  than  this  is  known. 

As  these  cases  may  require  the  use  of  the  trephine,  it  is  of  great  importance 
that  we  should  be  able  clearly  to  answer  the  question  whether  the  paralysis  is 
dependent  on  central  or  cortical  lesion.  If  due  to  compression  of  a  central 
ganglion,  it  is  obvious  that  the  trephine  would  be  useless.  In  these  cases  the 
paralysis  will  probably  have  been  immediate,  its  completeness  will  be  A  cry 
marked,  and  the  whole  of  one  side  of  the  body  at  least  will  in  all  probability 
suffer.  ^ 
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In  cortical  lesions,  in  which  the  trephine  may  sometimes  be  advantageously 
applied,  the  paralysis,  although  it  may  be  present  immediately  after  the 
accident,  often  does  not  appear  for  some  time  ;  it  is  less  complete  and  less 
extensive,  sometimes  affecting  single  groups  of  muscles. 

The  Age  of  the  Patient  exerts  some  influence  on  the  symptoms  and  course  of 
a  case  of  laceration  of  the  brain.  Children,  especially,  have  been  known  to  bear 
extensive  injuries  of  the  brain,  and  even  the  loss  of  a  considerable  quantity  of 
cerebral  matter,  without  any  very  serious  effects,  either  immediate  or  remote  ; 
and  it  is  by  no  means  uncommon  to  see  them  Hve  several  days  with  an  extent 
of  injury  to  the  brain  which  would  rapidly  have  proved  fatal  to  an  adult. 
Indeed  it  may  be  stated  generally,  that  the  younger  the  patient,  the  greater  the 
chance  of  recovery.  So,  also,  the  prognosis  may  be  considered  more  favourable 
in  men  of  the  labouring  class,  whose  minds  are  but  little  exercised,  than  in 
persons  of  more  cultivated  intellect. 

Foreign  bodies  even  of  large  size  and  considerable  weight  have  been  lodged 
for  a  considerable  time  within  the  skull,  in  contact  with  the  brain,  without 
occasioning  death.  Thus  Hennen  states  that  he  has  seen  five  cases  in  which 
bullets  were  lodged  within  the  skull,  that  did  not  prove  immediately  Mai. 
Cunningham  relates  the  case  of  a  boy  who  Hved  for  twenty-four  days  with  the 
breech  of  a  pistol,  weighing  nine  drachms,  lying  on  the  tentorium,  and  resting 
against  the  occipital  bone.  O'Callaghan  has  recorded  the  remarkable  case 
of  an  officer  who  lived  about  seven  years  with  the  breech  of  a  fowling- 
piece,  weighing  three  ounces,  lodged  in  the  forehead ;  the  right  hemisphere 
of  the  brain  resting  on  the  flat  part,  from  which  it  was  separated  only  by  false 
membrane.  Guthrie  records  two  cases  in  which,  although  a  ball  had  lodged  in 
the  brain,  the  patients  apparently  recovered.  Both,  however,  died  suddenly 
when  drunk  within  a  year  after  having  received  the  wound.  In  one  who  lived 
almost  exactly  a  year,  the  bullet  was  found  in  a  sort  of  cyst  lying  in  the 
corpus  callosam  ;  in  the  other,  who  lived  only  a  few  months,  it  was  lodged 
deeply  in  a  cyst  in  the  posterior  lobe  of  the  brain. 

The  Diagnosis  of  Cerebral  Laceration  varies  much  in  difficulty,  for,  as 
before  stated,  the  special  symptoms  indicative  of  laceration  may  be  masked  by 
those  of  compression  or  septic  meningo-encephalitis.  A  careful  consideration 
of  the  history  and  all  the  featm-es  of  the  case  will,  however,  usually  enable  the 
Surgeon  to  come  to  a  conclusion  as  to  the  presence  of  laceration  ;  long-con- 
tinued insensibility  without  coma,  convulsions,  irregular  and  locahzed  paralysis 
and  spasms,  are  amongst  the  most  important  signs.  Cerebral  irritation  may  be 
looked  upon  as  always  indicating  laceration.  Some  confusion  may  occasion- 
ally arise  from  the  fact  that  the  paralysis  or  convulsions  resulting  ft-om  a 
cerebral  lesion  are  always  manifested  on  the  side  of  the  body  opposite  to  that 
on  which  the  injury  to  the  brain  exists  ;  but  not  necessarily  opposite  to  that 
on  which  the  blow  has  been  inflicted  on  the  head  ;  for  the  mjury  to  the  brain 
may,  by  counter-stroke,  be  in  that  cerebral  hemisphere  which  is  opposite  to 
the  side  of  the  head  that  has  been  struck.  Thus,  if  a  person  struck  on  the 
right  side  of  the  head  sustain  a  rupture  of  the  middle  meningeal  artery,  and 
have  extravasation  of  blood  on  the  right  hemisphere  of  the  brain,  he  may  have 
hemiplegia  on  the  left  side,  and  vice  versa.  But,  if  the  blow  that  is  inflicted 
on  the  right  side  give  rise  to  extravasation  by  counter-stroke  on  the  left  side 
of  the  head,  the  paralysis  would  develop  itself  on  the  side  that  had  been 
struck.   So  it  is  with  convulsive  movements  j  they  will  occur  in  the  arms  and 
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legs,  on  the  side  opposite  to  that  ou  which  tlie  brain  has  been  injured,  whether 
that  injury  be  on  the  side  struck  from  direct  violence,  or  on  the  opposite  side 
from  counter-stroke.  In  this  w^ay  the  hemiplegia  may  occur  on  one  side,  and 
the  convulsions  on  the  other.  A  man  was  struck  a  violent  blow  on  the  rvjht 
temple.  He  was  seized  with  hemiplegia  and  facial  paralysis  on  the  left  side, 
and  with  convulsive  movements  of  the  riyht  side  of  the  face,  the  right  arm, 
and  leg.  He  died  a  few  days  after  the  injury.  On  examination,  we  found  a 
fissure  of  the  right  parietal  bone,  laceration  of  the  middle  meningeal  artery, 
and  a  large  clot  pressing  on  the  right  side  of  the  brain  :  hence  the  hemiplegia 
on  the  left  side  of  the  body.  There  was  laceration  of  the  middle  lobe  of  the 
brain  on  the  loft  side :  hence  the  convulsive  movements  of  the  right  side  of  the 
face,  body,  and  limbs. 

The  Prognosis  in  wounds  of  the  brain  varies  greatly  according  to  the  part 
that  is  uijured,  the  nature  of  the  injury,  and  the  age  of  the  patient.  The 
danger  is  greatest  and  most  immediate  in  injuries  which  a&ect  the  base  of  the 
brain,  the  pons,  cura  cerebri  or  medulla ;  it  is  least  when  the  upper  and  anterior 
part  of  the  hemispheres  is  the  seat  of  lesion.  Lacerations  with  open  wounds, 
or  compound  fractures  of  the  skull,  or  with  penetration  of  a  foreign  body,  are 
necessarily  much  more  dangerous  than  those  unaccompanied  by  such  com- 
plications. Age  exerts  a  very  marked  influence  on  the  prognosis  ;  the  younger 
the  patient  the  more  hopeful  the  case,  other  conditions  being  equal.  The 
following  may  be  looked  upon  as  grave  symptoms  :  early  violent  conM.ilsions, 
extensive  paralysis,  and  the  early  supervention  of  coma  ;  a  very  high  tempera- 
ture with  great  restlessness.  The  later  convulsions  about  the  fifth  day,  although 
grave,  are  by  no  means  hopeless  symptoms  ;  they  become  grave  if  they  are 
frequently  repeated,  and  if  in  the  intervals  there  is  found  to  be  an  extension 
of  any  paralysis  that  may  be  present,  and  especially  if  the  condition  of  insensi- 
bility is  found  to  be  gradually  deepening  after  each  attack.  "\^Tieu  the  symptoms 
of  intra-cranial  suppuration  set  in,  the  case,  although  desperate,  is  not  quite 
hopeless. 

Treatment. — In  the  treatment  of  injuries  of  the  brain,  little  can  be  done 
after  the  system  has  rallied  from  the  shock,  beyond  attention  to  strict  antiphlo- 
gistic treatment,  though  this  need  not  be  of  a  very  active  kind.  In  these 
cases,  indeed,  as  mucli  should  be  left  to  nature  as  possible,  the  Surgeon  merely 
removing  all  sources  of  irritation  and  excitement  from  his  patient,  and  apply- 
ijig  an  antiseptic  dressing  wheii  there  is  a  wound. 

If  any  foreign  body  be  lodged  in  the  skull,  it  must  of  course  be  removed, 
if  possible.  This  may  be  done  if  it  be  situated  near  the  external  wound,  or 
fixed  in  the  bone  ;  but  if  it  have  penetrated  deeply  into  the  substance  of  the 
brain,  and  have  gone  completely  out  of  reach,  it  would  be  perhaps  more  dan- 
gerous to  trephine  the  skull  on  the  chance  of  reaching  it,  or  in  any  other  way 
to  go  in  search  of  it,  than  to  leave  it  where  it  is.  Bullets  should  always  be 
extracted  if  they  can  be  found.  On  this  point  military  Surgeons  are  agreed. 
If  they  enter  the  skull,  and  strike  against  and  fracture  the  opposite  side\vith- 
out  escaping,  should  they  be  sought  for  ?  I  think  not.  Larrey  and  Bell,  it  is 
ti'ue,  have  extracted  the  ball  on  the  side  of  the  head  opposite  the  point  of 
entrance.  But  it  may  not  be  found  there.  In  a  case  of  suicide  to  which  I  was 
called  some  years  ago,  a  gentleman  had  shot  himself  through  the  right  temple  ; 
immediately  opposite  the  wound,  on  the  left  temple,  was  a  raised,  loose,  and 
stellate  fracture  of  the  skull,  over  which  the  scalp  was  uninjured.    I  cut  down 
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on  this  and  removed  the  fraj^mcnts  of  bone,  expecting  to  find  the  ball  beneath 
rhera  ;  but  in  this  I  was  disappointed,  and  after  death  the  bullet  was  found 
lying  in  the  base  of  the  skull,  whither  it  had  rolled.  All  operations  performed 
in  such  cases  should  be  carried  out  with  strict  antiseptic  precautions. 

In  cases  of  laceration  of  the  brain  without  open  wound  nothing  is  required 
at  first  beyond  keeping  the  bowels  open,  applying  cold  to  the  head,  and  perfect 
quiet.  Should  there,  howe^■er,  be  early  con\-ulsions  or  paralyses  sufficiently 
definite  to  indicate  the  seat  of  the  lesion,  followed  rapidly  by  coma  threatening 
death,  and  evidently  due,  from  its  early  occurrence,  to  luemorrhage  from  a 
laceration,  the  question  of  trephining  over  the  point  of  injury  to  the  brain  may 
arise.  So  far  such  treatment  has  not  been  sufiicieutly  successful  to  encourage 
Surgeons  to  adopt  it,  but  we  have  yet  to  learn  what  may  be  hoped  from  the 
operation  performed  with  antiseptic  precautions,  and  guided  by  our  increased 
knowledge  in  localization  of  the  injury. 

AVhen  the  convulsions  and  paralyses  occur  at  a  later  period,  and  are 
sufficiently  defined  to  enable  the  Surgeon  to  localize  the  seat  of  the  injury, 
the  head  should  be  shaved,  and  leeches  applied  o^'er  the  seat  of  the  lacera- 
tion, and  after  this  an  ice-cap.  If  the  pulse  be  full  and  hard,  and  the 
patient  young,  blood  may  be  taken  also  from  the  arm.  The  bowels  should 
be  freely  acted  on  by  some  brisk  purgative.  Bromide  of  potassium  may 
possibly  be  of  use.  As  the  result  of  these  measures,  the  symptoms  in  many 
cases  speedily  subside.  Should  the  convulsions  become  more  violent  and 
general,  the  paralysis  more  extensive,  and  the  state  of  insensibility  deeper,  the 
question  of  treatment  becomes  more  anxious.  The  extension  of  the  mischief 
is  probably  due  to  inflammation  extending  around  the  laceration  ;  and  this 
being  the  case,  can  any  good  result  be  hoped  for  by  trephining  over  the 
lacerated  spot,  guided  by  the  theory  of  localization  of  the  functions  of  the 
hemispheres  ?  It  is  possible  that  tension  might  thus  be  relieved,  and  serum 
or  clot  allowed  to  escape,  but  the  result  Avould  be  very  doubtful.  At  any 
rate  the  operation  could  be  justifiable  only  when  the  case  was  otherwise 
hopeless. 

The  operation  is,  however,  much  more  hopeful,  and  certainly  should  never 
be  neglected,  when  symptoms  of  intra-cranial  suppuration  supervene  with 
localized  paralysis  sufficiently  defined  to  indicate  the  part  of  the  cortex 
affected. 

The  guide  to  the  application  of  the  trephine  in  these  cases  is  the  live  of  the 
Sulcus  of  Rolando  (Fig.  323)  on  the  side  opposite  to  that  in  which  the  paralysis 
exists,  the  exact  spot  in  this  line  being  determined  by  the  seat  of  the  paralysis. 

I  Lucas-Championiere  lays  down  the  following  rules  for  the  application  of  the 

:  trephine. 

1.  When  there  is  general  hemiplegia,  the  crown  of  the  trephine  should  be 
applied  across  the  middle  of  the  line  of  the  Sulcus  of  Rolando. 

2.  When  the  arm  and  leg  are  paralysed,  the  trephine  should  be  applied  to 
the  upper  part  of  that  line,  but  not  at  its  very  summit. 

3.  In  paralysis  of  the  upper  limb  only,  the  trephine  should  be  applied  a  little 
in  advance  of  the  middle-third  of  the  line. 

4.  In  simple  aphasia  it  must  be  applied  lower  down,  below  and  a  Httle  in 
front  of  the  line. 

5.  When  both  lower  extremities  are  paralysed,  the  top  of  the  line  and  the 
vertex  must  be  trephined. 
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G.  When  the  upper  and  lower  extremities  are  paralysed,  the  middle  and 
upper  part  of  the  line  should  be  trephined. 

7.  Paralysis  of  one  upper  extremity  with  facial  paralysis  requires  trephining 
in  fi'ont  of  the  line  at  its  lower  third. 

8.  Paralysis  of  one  upper  extremity  with  aphiusia  requires  the  trephine  to  be 
applied  below  and  in  front  of  the  hue. 
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Fig.  323.— Guides  for  finding  the  thin  Line  of  the  Fissure  of  Rolando.  (Lucas-Cliampionifere.) 

9.  In  facial  paralysis  and  aphasia  the  trephine  must  be  applied  in  front  of 
the  line  and  below  its  level. 

In  all  cases  a  large  trephine  should  be  used,  and  if  necessary  it  may  be 
applied  in  more  than  one  place. 

Various  rules  are  given  for  finding  the  line  of  the  Sulcus  of  Eolando. 


Fig.  324.— Situations  in  which  the  Treiihinc  may  he  applied.    A,  for  the  centre  of  the  lower  limb  ;  B,  for  the 
upper  limb ;  C,  for  the  centre  of  the  face  ;  F  3,  Situation  of  Broca's  Convolution. 

Lucas-Championiere  gives  the  following :  a  point  55  millimeters  behind  the 
junction  of  the  coronal  and  sagittal  sutures  in  the  middle  line  corresponds 
to  upper  end  Fig.  323,  R) ;  to  find  the  lower  end  (Fig.  323,  R'),  draw  a  line 
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directly  backwards  from  the  external  angular  process  of  the  frontal  bone  for 
7  centimeters  (Fig.  323,  EOP-A)  ;  from  the  posterior  extremity  of  this,  draw 
a  vertical  line  3  centimeters  in  length  (Fig.  323,  AR'),  the  upper  end  of  this 
corresponds  to  the  termination  of  the  Sulcus  of  Rolando. 

Thane  gives  the  following  :  "  The  upper  end  of  the  Sulcus  of  Rolando  is 
placed  about  half  an  inch  behind  a  point  mid-way  between  the  root  of  the  nose 
and  the  cxtemal  occipital  protuberance  ;  its  lower  end  is  close  to  the  posterior 
limb,  and  about  an  inch  behind  the  bifurcation  of  the  fissure  of  Sylvius.  The 
bifurcation  of  the  fissure  of  Sylvius  corresponds  to  a  point  one  inch  and  a 
quarter  behind  and  a  quarter  of  an  inch  above  the  level  of  the  external 
angular  process  of  the  fi-ontal  bone." 

Saccharine  Diabetes  is  an  occasional  consequence  of  injuries  of  the  brain. 
A  man  43  yeai-s  of  age  was  admitted  into  Hospital  under  my  care  with  para- 
lysis, the  result  of  a  fall  on  the  back  of  his  head.  On  examining  his  urine,  it 
was  found  to  contain  sugar  in  very  large  quantity.  Previously  to  the  accident, 
he  had  been  perfectly  well  and  robust ;  and,  as  the  paralytic  symptoms  disap- 
peared, the  diabetic  sugar  gradually  lessened  in  quantity,  until  it  ceased 
entirely  to  be  formed,  and  this  notwithstanding  the  continued  use  of  saccharine 
and  amylaceous  matter  in  the  food.  Claude  Bernard  has  recorded  some  similar 
instances  in  illustration  of  the  interesting  physiological  fact  pointed  out  by 
him,  that  in  rabbits  wounds  or  irritation  of  the  central  portion  of  the  medulla 
oblongata,  between  the  origins  of  the  vagus  and  the  auditory  nerves  in  the 
floor  of  the  fourth  ventricle  of  the  brain,  occasion  saccharine  diabetes,  and 
that  in  the  dog  artificial  traumatic  diabetes  may  be  induced  by  fi-acture  of  the 
skull  and  injury  of  the  brain. 

In  patieiits  already  suffering  from  diabetes,  a  blow  on  the  head  is  frequently 
followed  by  fatal  aggi'avation  of  the  complaint. 

The  Cerebral  Nerves  are  occasionally  injured  at  their  roots,  or  torn  across 
and  detached  fi'om  their  connexion  with  the  brain,  in  injuries  of  the  head. 
These  nerves  may  be  wounded  by  the  same  violence  that  injures  the  brain,  as 
when  a  bullet  traverses  the  head  ;  or  they  may  be  detached  from  their  con- 
nexion with  the  brain  in  laceration  of  the  cerebral  pulp  ;  or,  lastly,  they  may 
be  torn  across  in  fracture  of  the  base  of  the  skull,  by  the  fissure  extending 
across  the  foramen  through  which  the  nerve  passes. 

From  these  causes,  or  fi'om  extravasation  of  blood  into  its  sheath,  blindness 
may  result  from  injury  to  the  optic  nerve  at  any  part  of  its  course ;  ptosis, 
and  strabismus  in  different  directions,  according  as  the  third,  the  fourth,  or 
the  sixth  nerve  has  been  injured.  But  the  nerve  that  most  connnonly  suffers 
is  the  seventh,  which,  either  in  its  facial  or  in  its  auditory  portion  or  both,  is 
not  uncommonly  torn  across  in  fractures  of  the  petrous  portion  of  the  temporal 
bone,  producing  either  paralysis  of  the  face  or  deafness.  Injury  to  the  eighth 
nerve  is  not  common,  or  rather  it  is  not  common  for  patients  long  to  survive 
who  exhibit  evidence  of  the  lesion.  I  have,  however,  seen  repeated  vomiting, 
with  palpitation,  and  a  sense  of  suffocation  continuing  for  months  after 
apparent  injury  to  the  origins  of  the  pneumo-gastric.  In  other  cases,  from 
lesion  to  the  spinal  accessory,  spasm  of  the  trapezius  and  sterno-mastoid 
muscles,  simulating  tetanus,  may  set  in. 

Hernia  or  Fungus  Cerebri. — In  those  cases  in  which  a  laceration  of  the 
brain  and  dura  mater  communicates  with  a  fracture  of  the  skull,  it  is  occasion- 
ally found,  more  particularly  in  children,  that  a  dark  brown  or  bloody  fungus- 
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lookiuo-  mass  of  cerebral  matter  protrudes  from  the  wound.  Tlie  period  after 
the  receipt  of  an  injury  at  which  this  protrusion  takes  place  varies  from  a  few 
days— eio-ht  or  ten-to  several  weeks.  It  has  been  remarked  by  Guthnc  and 
the  obsen-ation  has  been  fully  confirmed,  that  hernia  cerebri  is  more  likely  tc. 
take  place  tlirouo-h  small  than  laro-e  apertures  in  the  cranial  bones. 

The  protrusion  is  always  the  result  of  abnormal  intra-cranial  pressm-e,  trom 
inflammatory  swelling  of  the  brahi-substance  round  the  injured  sjwt,  or  occa- 
sionally  from  the  formation  of  an  abscess  in  the  hemisphere.  As  the  protrusion 
increases  in  size,  it  becomes  partially  strangulated  by  the  narrow  opening 
throuo-h  which  it  passes,  and  its  size  becomes  increased  l)y  cedema,  and  ])y 
htcmon'hage  and  emision  into  its  substance.  Thus  the  tumour  increases  rather 


Fig.  020.— Hevuia  Cerebri  following  Compound  Comminuted  Fi-acture  of  Eight  Parietal  Bone. 

rapidly,  pulsates  synchronously  Avitli  the  brain,  and  may  shortly  attain  the  size 
of  a  hen's  egg,  or  become  even  larger  (Fig.  325).  In  its  composition  and 
structure  it  varies.  In  some  instances  it  is  composed  chiefly  of  extravasated 
blood ;  but  the  true  fungus  cerebri  is  composed  of  softened  and  disinte- 
grated cerebral  matter,  infiltrated  with  inflammatory  exudation  and  blood. 
Softening  of  the  brain,  with  red  discoloration,  extends  for  some  little  distance 
under  the  base  of  the  tumour.  The  mental  condition  of  the  patient  is  in 
many  cases  not  much  disturbed  at  first,  there  being  merely  some  degree  of 
cerebral  irritation.  Speedily,  hoAvever,  stupor  comes  on,  and  death  in  most 
cases  eventually  occurs  from  encephalitis,  ending  in  coma,  consequent  on  the 
inflammatory  effusions  that  take  place  within  the  skull. 

Although  the  prognosis  in  fungus  cerebri  is  extremely  bad,  it  is  not  hopeless. 
In  the  American  war  seA'eii  cases  of  recovery  are  recorded.  In  the  Italian  war 
of  1859,  Denirae  saw  five  recoveries  out  of  twenty-one  cases. 

Treatment. — Preventive  treatment  is  of  the  greatest  importance,  for  if  the 
complication  be  once  established,  its  cure  is  very  uncertain.  The  risrid  anti- 
septic  treatment  of  the  wound  by  some  efficient  method  is  the  only  rciil  pre- 
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ventive  means  at  our  command  ;  if  by  this  we  succeed  in  warding-  off  s]->rcadin<; 
inflammation  in  the  brain-substance  round  the  laceration,  there  will  be  no 
tendency  to  hernia  cerebri.  Should  the  funfjus  form,  the  treatment  is  extremely 
unsatisfectory.  If  the  tumour  be  shaved  off,  as  is  usually  recommended,  it 
g-cnerally  sprouts  again  until  the  patient  is  destroyed  by  irritation  and  coma 
conjoined.  In  some  fortunate  cases,  however,  the  removal  of  the  tumour  is 
not  followed  by  its  reproduction.  All  that  can  be  done  is  to  slice  off  the 
c^rowth  on  a  level  with  the  brain  ;  to  apply  a  pledget  of  dry  lint,  and  a 
compress  and  bandage  over  the  part,  thus  allowing  it  to  granulate  and  the 
wound  to  cicatrize. 

Extravasation  of  Blood  avithin  the  Skull  commonly  occurs  in  all 
injuries  of  the  head  accompanied  by  laceration  of  the  brain,  and  in  many 
of  those  in  which  the  skull  is  fractm-ed  without  that  organ  being  injured. 
Indeed,  when  we  reflect  on  the  great  vascularity  of  the  parts  within  the  skull, 
the  large  sinuses,  the  numerous  arteries  that  ramify  both  within  the  bones  and 
at  the  base  of  the  brain,  and  the  close  A  ascular  network  extended  over  the 
surface  of  this  organ,  we  can  easily  understand  that  extraA'asation  of  blood 
is  one  of  the  most  frequent  complications  of  these  injuries  and  a  common 
cause  of  death,  when  they  terminate  fatally  at  an  early  period  after  their 
occurrence. 

Causes. — Intracranial  extravasation  of  blood  may  take  place  either  with  or 
without  fracture  of  the  skull.  When  it  is  the  result  of  fi-acture,  it  is  in  conse- 
quence of  the  fissme  tearing  across  one  of  the  meningeal  arteries  distributed 
on  the  inside  of  the  skull,  or  of  a  fragment  of  bone  woundmg  a  sinus  or  the 
vascular  network  on  the  surface  of  the  brain  ;  or  it  may  proceed  from  lacera- 
tion of  this  organ  breaking  down  its  capillary  structure.  In  other  cases,  as 
in  gunshot-wounds,  the  haemorrhage  may  be  a  consequence  of  wound  of  the 
vessels  by  the  bullet  or  other  foreign  body  ;  but  it  may  be  the  result  also 
of  apparently  trifling  injuries  of  the  head  without  wound  of  scalp,  or  fractm-e 
of  skull,  fi-om  the  rupture  by  concussion  of  one  of  the  meningeal  arteries. 

Situations. — The  extravasation  may  occur  in  four  situations  :  1.  Between 
the  dura  mater  and  the  skull,  where  it  is  most  commonly  met  with  ;  2.  Within 
the  cavity  of  the  arachnoid  ;  3.  Upon  the  smface  of  the  brain  ;  or,  4.  Within 
its  substance  and  its  ventricles.  It  is  usually  most  considerable  when  poured 
out  upon  the  dura  mater,  or  within  the  cavity  of  the  ai'achnoid  at  the  base  of 
the  brain.  It  is  in  smallest  quantity  immediately  on  the  surface  of  that  organ, 
or  within  its  substance.  It  is,  however,  seldom  found  in  the  latter  situation  as 
the  result  of  violence,  without  being  met  with  more  superficially.  The  quantity 
effused  in  any  one  case  seldom  exceeds  four  ounces  ;  and,  when  in  such  large 
quantity,  it  proceeds  usually  from  rupture  of  the  meningeal  artery.  I  have 
once  seen  a  clot  from  rupture  of  the  middle  meningeal  artery  that  weighed 
five  ounces  and  a  half. 

Results.— Extravasation  of  blood  is  one  of  the  most  frequent  causes  of 
death  in  injuries  of  the  head,  by  inducing  pressure  on  the  brain  and  coma. 
The  blood  that  is  extravasated  usually  coagulates  into  a  firm  granular  clot. 
There  can  be  no  doubt,  however,  that  extravasation  of  blood  into  the  mem- 
branes of  the  brain  frequently  occurs  without  being  attended  by  fatal  conse 
quences.  The  blood  that  is  so  extravasated  may  undergo  various  changes  : 
1.  The  extravasated  blood  may  be  absorbed  entirely  ;  2.  The  serous  portion, 
and  a  great  part  of  the  colouring  matter,  may  be  removed,  leaving  a  fibrinous 
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buff-colonrcd  layer,  whicli  may  occasionally  become  organized.  This  occurs 
only  in  araclmoid  htiMnoiThage.  Such  layers  are  sometimes  double,  and  then, 
forming-  a  ilattened  cyst,  the  cavity  of  Avhich  is  merely  moistened  by  a  little 
fluid,  are  occasionally  found  unexpectedly  in  the  arachnoid  cavity  many  years 
after  the  injury  Avhich  gave  rise  to  the  extravasation  ;  3.  The  exterior  of  the 
clot  may  become  consolidated,  whilst  the  interior  contains  fluid  and  disinte- 
grated blood.  This  occurs  in  the  cerebral  substance,  and  the  cysts  thus  formed 
arc  permanent. 

Symptoms. — The  only  definite  symptom  of  extravasation  of  blood  is 
gradually  increasing  insensibility,  ending  in  coma  within  twenty-four  hours  of 
the  injury.  It  is,  however,  a  matter  of  the  greatest  i)ractical  importance  to 
determine,  if  ])0ssible,  whether  the  ha?morrliage  is  taking  place  between  the 
dura  mater  and  the  bone,  or  whether  it  arises  from  a  laceration  of  the  brain- 
substance. 

In  the  first  variety  there  are,  in  typical  cases,  three  distinct  stages  ;  viz., 
concussion,  a  return  and  some  continuance  of  consciousness,  and  then  coma 
gradually  supervening.  The  patient  is  concussed  or  stunned  as  usual,  after 
the  receipt  of  a  blow  on  the  head  :  from  this  he  quickly  rallies,  and  then 
symptoms  of  comijression  set  in,  and  gradually  increase  in  intensity.  He 
becomes  drowsy  and  dull,  M'ith  a  slow  and  labouring  pulse,  dilated  and  sluggish 
pupils,  and  a  tendency  to  slow  respiration.  As  the  compression  increases,  com- 
plete stupor  at  length  comes  on,  with  stertor  in  breathing,  and  there  is  either 
general  paralysis,  oi'  hemiplegia  of  tlie  side  opposite  to  the  seat  of  injury. 
More  conmionly  there  is  first,  hcmi]ilegia  of  the  side  opj^ositc  to  the  seat  of 
injury,  speedily  followed  by  complete  general  paralysis.  Convulsions  may 
occur  during  the  time  the  ha3morrhage  is  takiug  jDlace,  but  are  not  common. 

When  the  symptoms  run  this  regular  course,  it  is  probable  that  the  extrava- 
sation results  from  injury  of  one  of  the  meningeal  arteries  or  large  venous 
sinuses  ;  and  that  there  is  no  laceration  of  the  sul)stance  of  this  organ,  fur  it 
may  safely  be  assumed  that  if  the  patient  recovers  consciousness  after  the 
accident,  he  cannot  have  such  a  degree  of  tearing  and  bruising  of  the  cerebral 
substance  as  to  lead  to  sufficient  escape  of  blood  to  cause  compression  of  the 
brain.  This  form  may  be  termed  the  Meningeal  Extravasation ;  it  most 
commonly  arises  from  rujiture  of  the  anterior  branch  of  the  middle  meningeal 
artery,  which,  from  its  situation  in  a  deep  groove  in  the  parietal  bone,  is 
peculiarly  apt  to  be  torn  in  injuries  of  the  side  of  the  skull. 

When  this  artery  is  the  source  of  the  blood,  the  clot  extends  deeply  down 
into  the  ])ase  of  the  skull;  and  Hutchinson  pointed  out  that  in  this  way  it  mav 
exert  powerful  pressure  on  the  cavernous  sinus  leading  to  fulness  of  the  vessels, 
with  protrusion  of  one  eyeball  and  wide  dilatation  of  the  pupil.  I^his 
occurs  on  the  same  side  as  the  extravasation,  and  thus  we  may  get  hemiplegia 
of  the  ojijiosite  side,  while  the  more  dilated  pupil  is  on  the  same  side  as  tiie 
injury.  In  cases  cora]ilicated  with  a  fissured  fracture,  some  of  the  blood 
forces  its  way  through  the  fissure,  and  thus  may  cause  marked  fulness  of  the 
temporal  fossa  on  the  affected  side,  clearly  to  be  seen  when  the  head  has  been 
shaved.  A  few  yeare  ago  a  man  was  admitted  into  Uni\-ersity  College  Hospi- 
tal who  had  fallen  from  the  driA  ing  scat  of  a  van.  He  got  up  again^and  took 
the  reins,  but  feeling  sick  and  giddy  he  left  the  box  and  lay  "down  in  the 
van,  while  his  c()mi)anion  undertook  to  driA-e.  About  one  hour  afterwards  he 
was  found  comatose.    His  head  was  shaved  on  admission,  and  on  cai-eful 
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iuspccfcion  a  distinct  fulness  was  noticed  in  the  rio-ht  temporal  fossa,  and  on 
the  parietal  eminence  of  the  same  side  was  a  brnise.  He  was  trephined  in 
the  line  of  the  artery  and  a  large  clot  fonnd  and  removed,  but  the  brain  failed 
to  expand,  and  he  died  a  few  hours  afterwards.  In  another  case,  which  occurred 
shortly  afterwards,  the  patient  fell  eight  or  nine  feet,  and  a  quarter  of  an  horn- 
afterwards  she  came  to  the  hospital.  She  was  conscious,  and  related  how  the 
accident  happened.  There  Avas  a  wound  on  the  right  side  of  the  head,  near  the 
parietal  eminence.  She  rapidly  became  unconscious,  and  two  hours  after  the 
fall  she  was  apparently  dying.  At  this  time  the  right  eyeball  was  protruded, 
and  the  pupil  widely  dilated  ;  the  left  was  dilated,  but  less  so  than  the  right. 
She  was  trephined  on  the  right  side,  and  a  large  clot  found  and  removed ;  the 
symptoms  of  compression  were  relicA-ed,  but  she  died  eighteen  hours  after 
the  accident.    In  both  cases  the  brain  was  uninjured. 

In  some  of  these  cases  the  respiration  otlen  becomes  greatly  embarrassed, 
and  this  must  always  be  looked  upon  as  a  graAC  symptom,  indicating  the 
necessity  for  operative  treatment. 

The  mechanism  of  meningeal  extravasation  has  given  rise  to  much  discus- 
sion, and  the  following  remarks  of  Sir  Charles  Bell  ("  Surgical  Observations," 
London,  1816)  are  well  worthy  of  attention.  "It  is  extraordinary  that  any 
one  who  has  ever  raised  the  skuU-cai)  in  dissection,  and  felt  the  strength  of 
the  universal  adhesions  of  the  dura  mater  to  the  lower  surface  of  the  bone, 
could  for  an  instant  believe  that  the  arteria  meningea  media  has  j)ower  of 
throwing  out  its  blood  to  the  effect  of  tearing  up  these  adhesions  from  the 
entire  half  of  the  cranium  !  "  He  then  describes  the  following  experiment  to 
show  that  the  dura  mater  is  first  of  all  separated  from  the  skull,  and  that  the 
extravasation  is  consequent  on  that  separation.  "  Strike  the  skull  of  the 
subject  with  a  heavy  mallet  ;  on  dissecting,  you  find  the  dura  mater  to  be 
shaken  from  the  skull  at  the  part  struck.  Repeat  the  experiment  on  another 
subject,  and  inject  the  head  minutely  with  size-injection,  and  you  will  find  a 
dot  of  the  injection  lying  betwixt  the  skull  and  dura  mater  at  the  part  struck, 
and  having  an  exact  resemblance  to  the  coagulum  found  after  violent  blows 
on  the  head.  I  imagine  this  is  conclusive  "  (pp.  400 — G7).  It  is  possible 
also  that  the  alterations  in  form  of  the  skull  wliich  accom])any  blows  causing 
fracture  {vide  p.  718)  may  tend  to  loosen  the  attachment  of  the  dura  mater. 
That  the  meningeal  artery  does,  however,  pour  out  blood  with  sufficient 
force  to  strip  the  dura  mater  further  from  the  bone,  when  it  is  once  loosened, 
can  hardly  be  doubted,  as  it  is  difficult  to  conceive  that  tliat  membrane  can  be 
shaken  from  the  base  of  the  skull  by  a  ])low  on  the  parietal  eminence ;  and 
yet  meningeal  cxtraA'asation  often  extends  as  far  as  the  ca\-evnous  sinus.  It 
must  not  be  forgotten  that  when  once  a  cavity  is  formed,  the  blood  forced  in 
acts  somewhat  on  the  principle  of  the  hydraulic  press.  Taking  the  pressure 
in  the  artery  to  be  about  two  pounds  to  the  square  inch,  when  four  square 
inches  of  dura  mater  are  separated  we  have  a  force  of  eight  pounds  pressing 
against  it  ;  when  it  is  separated  for  three  inches  in  each  direction  the  pressure 
equals  eighteen  pounds.  To  resist  this  we  have  only  the  adhesion  of  the  dura 
mater  and  the  blood-pressure  in  the  capillaries  of  the  brain  substance.  It  is 
not  surprising,  therefore,  that  the  force  exerted  by  the  escaping  blood  produces 
such  marked  effects. 

The  extravasation  of  blood  dependent  on  laceration  of  a  portion  of  the 
brain  may  be  termed  Cerebral  Extravasation.    It  is  far  \nore  common  than 
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the  mcniiio-eal  form  ;  in  it  the  patient  never  recovers  his  consciousness  after 
having  been  stunned,  tlic  symptoms  of  concussion  speedily  passing  into  those 
of  compression.  In  these  cases  the  paralysis  is  commonly  incomplete,  often 
hemiplegic,  and  is  associated  with  twitching  of  the  limbs  or  convulsive  move- 
ments of  the  body  generally,  and  much  restlessness  with  incoherent  muttering : 
the  pupils  are  sometimes  contracted,  sometimes  dilated,  and  occasionally  squint- 
ing is  observed.  It  is  especially  when  there  are  convulsions  that  the  pupils 
are  observed  to  be  in  different  conditions  ;  and  I  have  most  frequently  noticed 
the  pupil  dilated  on  the  side  that  is  most  convulsed. 

Diagnosis. — The  diagnosis  of  these  two  forms  of  extravasation  from  one 
another  is  important,  as  it  is  in  the  meningeal  only  that  any  operative  pro- 
cedure can  be  successfully  uudertaken  ;  and  it  may  usually  be  efiFected  readily 
by  attention  to  the  symptoms  just  detailed.  When  the  two  forms  occur  together 
the  diagnosis  is,  frequently,  almost  if  not  quite  impossible. 

The  diagnosis  between  the  compression  from  exiravasaiion  and  that  from 
depressed  hone  or  inffammatory  effusions  ivithm  ihe  sJcuU  is  easily  made.  In 
the  case  of  depressed  fracture,  the  symptoms  of  compression  continue  uninter- 
ruptedly from  the  very  first,  and  proper  examination  of  the  skull  will  always 
lead  to  the  detection  of  the  injured  bone.  AVhen  inflammatory  effusions, 
whether  of  pus,  lymph,  or  serum,  exercise  undue  pressure  upon  the  brain,  the 
signs  of  compression  come  on  at  a  later  period  and  are  preceded  by  symptoms 
of  cerebral  inflammation,  accompanied  by  a  good  deal  of  pyrexia,  by  quick 
pulse  and  hot  skin.  The  character  of  the  scalp-wound  likewise,  and  the 
separation  of  the  pericranium  when  pus  is  formed,  enable  us  to  distinguish 
this  condition  from  that  in  which  the  pressure  is  the  result  of  extravasated 
blood. 

From  apoplexy,  the  diagnosis  is  not  always  easily  made,  more  particularly 
when  there  is  no  evidence  that  the  head  has  been  injured.  I  could  give  nume- 
rous instances  of  this.  The  following  will  suffice.  A  man  was  brought  to 
University  College  Hospital  in  a  state  of  profound  coma,  in  which  condition 
he  had  been  found  lying  in  the  street.  There  was  no  evidence  of  injury  about 
the  head,  beyond  a  bruise,  which  had  probably  been  recei\'ed  when  he  fell. 
The  case,  which  was  supposed  to  be  one  of  apoplexy,  and  treated  accordingly, 
proved  fatal  in  a  few  hours.  On  examination  after  death  the  skull  was  found 
fractured,  but  not  depressed.  On  the  opposite  side  to  the  bruise  and  fracture, 
a  coagulum,  weighiug  nearly  four  ounces  and  compressing  the  brain,  lay 
between  the  dura  mater  and  bone.  In  such  a  case,  it  is  evident  that  the  history 
can  alone  afford  a  clue  to  its  true  nature.  Even  when  the  head  has  been 
injm'ed,  it  is  not  always  easy.  A  man  was  admitted  under  my  care,  comatose, 
A  fortnight  previously  he  had  been  struck  on  the  left  side  of  the  head  behind 
the  ear.  He  was  stunned,  bled  freely  from  the  left  ear,  but  then  recovered 
tolerably,  and  -went  about  his  avocations  as  usual  until  the  day  before  his 
admission,  when  he  became  suddenly  comatose.  There  were  stertor,  (juick 
pulse,  and  some  heat  of  head  ;  the  right  pupil  was  natural,  the  left  contracted. 
He  was  treated  antiphlogistically,  but  died  on  the  third  day.  On  examination' 
a  fracture  on  the  left  side  of  the  skull  was  found,  extending  into  the  left 
internal  meatus  ;  on  the  right  side  of  the  head,  immediately  opposite  the 
fracture  and  the  seat  of  injury,  there  was  a  large  coagulum  in  the  cavity  of 
the  arachnoid,  with  some  sero-plastic  exudation  about  it.  Here  was  a  menin 
geal  extravasation,  the  result  of  contreconp,  existing  without  symptoms  for 
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fourteen  days,  and  then  proving  rather  suddenly  fatal  by  inflammation.  A 
woman,  whilst  walking  with  her  sister,  fell  in  the  street.  She  was  taken  up 
nisensible  ;  thought  to  have  a  fit  ;  became  comatose,  hemiplegic  on  the  right 
side,  and  died  the  next  day.  After  death  the  left  parietal  bone  was  found 
fractured,  and  a  clot  that  weighed  five  and  a  half  ounces  was  found  lying  over 
the  ruptured  middle  meningeal  artery  on  the  dura  muter.  Or  the  injury  may 
be  so  sHght  as  barely  to  attract  attention:  a  lady  going  into  the  opera 
stumbled  as  she  went  doAvn  some  stairs,  and  struck  the  side  of  her  head 
against  the  wall.  She  felt  giddy  and  confused,  retm-ned  home,  went  to  bed, 
was  found  comatose  the  next  day.  I  was  sent  for,  but  before  I  could  trephine 
her  she  had  died.  On  examination,  a  four-ounce-clot  was  found  on  the  dura 
mater,  under  a  ruptured  meningeal  artery,  but  without  fracture.  I  have 
seen  the  same  in  a  boy,  who,  running  down  stairs  to  his  dinner,  struck  his 
head  against  the  opposite  wall ;  he  ate  his  dinner,  vomited,  became  drowsy, 
and  died.  A  large  clot  Avas  found  on  the  dura  mater  at  the  part  struck.  In 
neither  of  these  cases  was  there  any  external  bruise  or  other  sign  of  injury. 

The  insensibility  of  drunlceymess  may  usually  be  distinguished  from  the  coma 
resulting  from  injuries  of  the  head,  by  the  absence  of  local  mischief,  by  the 
smell  of  the  breath,  and  by  the  face  of  the  drunkard  being  flushed  and  turgid, 
and  not  pale  as  in  a  person  who  is  suffering  from  the  effects  of  a  severe  injury. 
When  a  drunken  person  has  met  with  an  injury  of  the  head  and  is  insensible, 
he  should  always  be  carefully  watched,  however  slight  the  injury  may  appear 
to  be,  until  sufficient  time  has  elapsed  for  him  to  recover  from  his  drunken  fit, 
as  it  is  impossible  to  say  whether  the  stupor  be  the  result  of  intoxication,  or  of 
mischief  within  the  skull ;  and  I  have  known  cases  to  be  sent  away  from 
hospitals  as  drunk,  when  in  reality  the  stupor  was  occasioned  by  the  pressure 
of  depressed  bone  upon  the  brain. 

In  the  stupor  from  yoisonimi  hij  opium,  the  condition  of  the  pupils,  which 
are  contracted  to  the  size  of  a  pin's  point,  instead  of  being  widely  dilated  as  in 
coma  from  cerebral  compression,  will  enable  the  Surgeon  to  make  the  diagnosis. 

The  Treatment  of  extravasation  of  blood  may  be  conducted  on  two  i)rin- 
ciples — either  by  means  of  general  and  local  antiphlogistic  measures,  having 
for  their  object  the  arrest  of  further  haimorrhage,  the  promotion  of  a])sorption, 
and  the  subdual  of  inflammation  ;  or  else  by  the  ap])lication  of  the  trephine, 
with  the  view  of  allowing  the  escape  of  the  effused  blood.  The  place  adopted 
should  I  think,  have  reference  to  the  character  of  the  symptoms. 

Although  Trephining  in  cases  of  extravasation  was  formerly  nnich  in 
vogue,  it  is  seldom  had  recourse  to  by  modern  Surgeons,  and  is  proper  only  in 
the  meningeal  form  of  extravasation.  When  the  symptoms  indicate  cereMal 
extravasation,  trephining  can  be  of  little  service,  and  we  must  be  coiitent  with 
general  measures  ;  but  when  the  extravasation  seems  to  be  meninijeal,  then  an 
attempt  may  be  successfully  made  to  evacuate  the  extravasated  blood. 

The  most  serious  difficulty  in  determining  on  the  mode  of  treatment  does 
not  consist  so  much  in  ascertaining  that  blood  has  been  effused  within  the 
skull,  as  in  the  difficulty  of  diagnosing  that  it  is  so  seated  between  the  dura 
mater  and  the  bone  as  to  admit  of  removal ;  not  being  effused  at  the  base,  nor 
so  widely  coagulated  over  the  surface  of  the  brain  as  to  be  unable  to  escape 
through  the  aperture  that  may  be  made.  The  likelihood  of  the  co-existence  of 
fractiu-e  of  the  base  of  the  skull  and  of  laceration  of  the  brain,  giving  rise  to 
the  cerebral  form  of  extravasation,  must  also  be  taken  into  account.  For 
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these  various  reasons,  Surgeons  now  very  wisely  content  themselves,  in  the 
great  majority  of  cases  of  extravasation,  with  the  employment  of  antiphlogistic 
treatment,  on  the  principles  already  stated.  The  head  should  be  shaved,  the 
ice-bladder  applied,  the  patient  bled,  purged,  and  kept  at  perfect  rest. 

If  it  can,  however,  be  ascertained  without  doubt  that  the  extravasation  is  not 
only  meningeal,  but  that  it  is  so  situated  that  the  blood  may  be  removed 
through  the  trephine-aperture,  and  if  there  be  no  other  serious  injury  to  the 
l)rain  or  skull,  trephining  should  at  once  be  performed.  And  doubtless  cases 
occasionally  occur  in  which,  from  the  situation  of  the  blow,  and  perhaps  the 
presence  of  a  capillary  fissure  over  the  course  of  the  middle  meningeal  artery, 
the  gradual  supervention  of  signs  of  compression  after  an  interval  of  conscious- 
ness, and  the  occurrence  of  hemiplegia  on  the  side  opposite  to  that  which  has 
been  struck,  the  Surgeon  is  warranted  in  making  an  aperture  in  the  skull  at 
the  seat  of  injury,  in  order  to  remove  the  blood  that  has  been  pom-ed  out,  and 
to  arrest  its  further  effusion.  But  the  instances  in  which  this  assemblage  of 
symptoms  exists,  with  sufficient  precision  to  justify  an  operation,  are  exces- 
sively rare.  Out  of  many  hundred  cases  of  serious  and  fatal  injury  of  the  head 
that  were  admitted  into  University  College  Hospital  during  the  time  I  had 
charge  of  wards  in  that  institution,  in  four  cases  only,  I  believe,  was  it  found 
advisable  to  have  recourse  to  trephining  for  the  removal  of  extravasated  blood. 
In  three  of  these  cases  death  speedily  ensued,  the  coma  being  unrelieved  by 
the  operation.  In  the  fourth  case,  recovery  took  place.  The  successful  case 
to  which  I  refer  was  that  of  a  man  admitted  comatose,  three  days  after 
receiving  an  injury  of  the  head  hj  a  fall  from  a  cab.  There  were  no  serious 
symptoms  for  some  hours  after  the  accident  ;  but  then  stupor  gradually  came 
on,  amounting  at  last  to  complete  coma.  On  examination,  a  bruise  of  the 
scalp  was  found  on  the  left  temple  :  through  this  I  made  an  incision,  and, 
finding  a  starred  fracture  over  the  sinus  of  the  middle  meningeal  artery, 
trephined  the  bone,  when  a  large  coagulum  was  found  lying  upon  the  dura 
mater,  and,  on  removing  this,  fluid  arterial  blood  freely  welled  up.  The  coma 
was  relieved,  and  the  patient  made  a  good  recovery. 

During  the  last  eleven  years,  over  Avhich  period  the  reports  of  University 
College  Hospital  extend,  four  cases  have  been  trephined  for  meningeal  hemor- 
rhage ;  three  by  M.  Beck,  all  of  which  terminated  fatally,  and  one  by  Godlee, 
which  was  successful.  In  this  case  the  bleeding  artery  was  seen  and  secured 
by  a  hgaturc. 

In  fact,  in  all  cases  in  which  there  has  been  a  fall  or  blow  on  the  head, 
followed  by  the  symptoms  above  described  ending  in  coma,  even  though  there 
may  be  no  external  marks  of  violence,  the  Surgeon  should  cut  down  on  the 
skull,  and  examine  it  for  fracture— to  trephine  if  necessary.  If  there  be  no 
injury  to  the  bone,  no  evil  can  result  in  such  a  case  fi-om  the  simple  incision 
in  the  scalp.  If  there  be  fracture,  the  incision  is  the  only  means  of  diagnosis, 
and  the  first  step  towards  saving  life.  But  it  must  be  borne  in  mind  that, 
however  clear  the  signs,  extravasation  may  not  be  met  Avith  where  the  Surgeon 
expects  to  find  it.  In  these  circmustances,  it  is  better  not  to  prosecute  the 
search  by  making  fresh  trephine-apertures.  In  no  case  would  a  prudent 
Surgeon  trephine  o\qy  the  course  of  the  middle  meningeal  artery  in  the 
absence  of  local  symptoms,  on  the  chance  of  finding  the  blood  there,  as  has 
been  recommended  by  some  of  the  older  Surgeons.  The  middle  meningeal 
artciy  may  be  wounded  at  any  part  of  its  course  within  the  skull,  but  it  is 
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very  rare  for  the  main  trunk  to  be  ruptured  ;  almost  iu\-arial)ly  it  is  the 
anterior  brancli  that  sutrers.    This  branch  is  first  directed  forwards  across  the 
great  Avin<>-  of  the  sphenoid  to  near  the  tip  of  the  small  wing  ;  here  it  takes  a 
sharp  curve  backwards,  and  often  enters  a  canal  in  the  bone  ;  from  this  point 
it  is  directed  backwards  and  upwards  in  the  groove  ^vhich  crosses  the  anterior 
inferior  angle  of  the  parietal  bone.    Its  course  may  be  found  externally  by  the 
following  rule  :— Draw  a  straight  line  backwards  from  the  external  angular 
process  of  the  frontal  bone  ;  take  point  at  any  distance  between  one  inch  and 
two  and  a  half  inches  from  the  angular  process  in  this  line  and  draw  a  vertical 
line  through  it  from  the  zygoma  ;  measure  a  corresponding  distance  up  this 
line,  and  the  point  so  found  Avill  be  over  the  artery.    If  the  distance  taken 
be  under  one  inch  and  a  half,  the  artery  will  very  frequently  be  found  in 
a  canal  in  the  bone  ;  beyond  this  it  is  usually  in  a  groove.     Accuracy  is 
of  importance  only  when  a  fissured  fracture  is  found,  as  the  centre  of  the 
crown  of  trephine  should,  if  possible,  be  at  the  point  at  which  the  fissure 
crosses  the  line  of  the  artery.    In  other  cases  a  very  sufficient  and  practi- 
cal guide  is  to  put  the  pin  of  the  trephine  tAvo  and  a  half  inches  vertically 
above  the  condyle  of  the  lower  jaw.    Having  found  the  line  of  the  artery, 
a  T-shaped  incision  should  be  made  with  the  horizontal  limb  parahel  to 
the  zygoma,  the  middle  of  the  "s-ertical  incision  being  opposite  the  point  at 
which  the  artery  is  supposed  to  lie.    The  incision  divides  the  scalp  and 
the  temporal  aponeurosis  and  muscle.    In  doing  this  a  large  branch  of  the 
superficial  and  one  or  both  deep  temporal  arteries  will  be  cut  and  require 
ligature  ;  the  bone  is  then  cleaned,  saving  the  periosteum,  and  the  crown  of  a 
large  trephine  applied,  with  the  pin  of  the  instrument  over  the  spot  wdiere  the 
vessel  is  supposed  to  lie.    If  the  diagnosis  have  been  correct,  as  soon  as  the 
circle  of  bone  is  removed  a  dark  solid  clot  pushes  its  way  up  into  the  opening. 
As  a  rule,  however,  it  is  too  solid  to  come  out  without  the  use  of  a  scoop,  and 
for  this  purpose  a  small  lithotomy  scoop  may  be  used.    The  Surgeon,  having 
now  trephined  and  remoA  cd  the  blood  clot,  is  confronted  with  what  is  truly 
the  greatest  difficulty  of  the  case.    The  artery  in  the  majority  of  cases  follows 
the  dura  mater,  for  it  is  only  if  it  be  in  a  canal  in  the  bone  that  it  remains 
superficial.  If  the  brain  expands  immediately  upon  the  pressure  being  removed, 
the  injured  artery  may  come  into  view^ ;  if  not,  all  that  is  seen  is  a  profuse  flow 
of  blood  pouring  out  of  the  ojiening  in  the  skull,  and  apparently  in  some  cases 
threatening  to  be  almost  immediately  fatal.    Under  these  circumstances  all 
that  can  be  done  is  to  raise  the  patient  into  a  sitting  position,  to  compress  the 
carotid,  and  to  a])ply  ice  to  the  side  of  the  head  and  neck.    Under  this  treat- 
ment the  bleeding  usually  ceases  rapidly  and  does  not  recur.    If  the  actual 
wounded  spot  can  be  seen,  a  fine  catgut  or  carbolized  silk-ligature  must  be 
passed  round  it  with  a  sharp  needle.    If  the  artery  lie  in  a  canal,  and  its  torn 
end  can  be  seen  bleeding  where  tlie  trephine  has  cut  through  it,  the  hsemor- 
rhage  may  be  arrested  by  inserting  a  small  plug  or  by  touching  it  with  the 
cautery. 

In  some  cases  the  hfemorrhage  is  due  to  the  tearing  of  a  large  number  of 
small  vessels,  and  not  to  the  wound  of  any  special  branch.  Thus,  in  one  of 
the  fatal  cases  in  University  College  Hospital,  a  child,  aged  seven,  the  most 
careful  examination  failed  to  detect  any  wounded  artery.  The  haemorrhage 
was  in  this  case  situated  behind  the  region  of  the  large  branches  of  the  menin- 
geal artery. 
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Ill  veiy  exceptional  cases  it  may  be  justifiable  to  remove  more  l)Oiie  to  get 
at  the  bleeding  point,  but  this  can  be  only  when  the  situation  of  the  wound 
can  either  be  seen  or  can  be  recognized  by  the  finger. 

The  ojieration  should,  wherever  possible,  be  perfonned  with  most  careful 
antiseptic  precautions. 

EPILEPSY  POliLOWING  HEAD  INJUEIES. 

Head  injuries  are  occasionally  followed  by  traumatic  Epilepsy.  The  oc- 
casioning cause  may  be  of  various  kinds.  This  may  arise,  1st,  from  a 
depressed  and  neuralgic  cicatrix  on  the  scalp — the  starting  point  of  reflex 
convulsions ;  2nd,  from  chronic  osteitis  of  the  part  of  the  skull  struck,  giving 
rise  to  thickening  and  induration  of  the  bone ;  3rd,  fi-om  depression  of  bone 
or  the  formation  of  osseous  stalactites  pressing  npon  the  dura  mater  or  brain  ; 
4th,  from  chronic  thickening  of  the  dura  mater  ;  and,  5th,  from  obscure 
structural  lesions  of  the  Ijrain-substance. 

In  the  Treatment  of  traumatic  epilepsy  arising  from  these  various  causes, 
operative  interference  may  as  a  last  resource,  and  after  failm-e  of  all  the 
ordinary  constitutional  means,  be  had  recourse  to.  The  practice  of  trephining 
in  these  cases  is  a  very  ancient  one.  The  older  Surgeons  often  employed  it. 
CHue  cured  a  patient  by  it  whose  epilepsy  was  found  to  be  occasioned  by  a 
stalactiform  osseous  projection  fi'om  the  inner  table,  and  whose  last  fit  was  on 
the  operating  tal)le  before  the  elevation  of  the  disc  of  affected  bone.  But  the 
practice  fell  into  disuse  until  recently  revived  by  Lucas-Championiere,  West,  and 
others.  It  is  evident  that,  when  there  is  distinct  evidence  of  injury  to  the 
bone,  an  operation  may  offer  a  fair  prospect  of  relief  or  of  cnre  by  the  removal 
of  the  depressed,  thickened,  or  out-growing  osseous  structure  ;  and  in  such  cases, 
and  in  such  only,  it  is  right  to  do  it.  The  trephine  should  be  apjilied  at  the  seat 
of  injury.  "When  a  painful  cicatrix  in  the  scalp  alone  seems  to  be  the  starting 
])oint  of  that  reflex  irritation  which  developes  the  epileptic  attack,  we  may 
folknv  Bryant's  advice,  and  dissect  it  up  without  trephining  the  subjacent 
bone. 

OPERATION   OF  TREPHINING. 

Before  concluding  the  subject  of  injuries  of  the  head,  it  is  necessary  to  say 
a  few  words  on  the  operation  of  Trephining,  which,  though  far  less  commonly 
employed  in  the  present  day  than  heretofore,  is  one  of  sufficient  frequency,  as 
well  as  of  great  importance  fi*om  the  serious  nature  of  the  cases  that  require  it. 

The  operation  of  trephining  may  be  required  for  one  of  the  six  following 
conditions,  viz.  : — 

1.  Sim])le  depressed  fracture  of  the  cranium  with  symptoms  of  compression. 

2.  Compound  depressed  fracture  of  the  cranium,  with  or  without  symptoms 
of  compression. 

3.  Punctured  or  incised  fracture  of  the  cranium. 

4.  Extravasation  of  blood  between  the  cranium  and  dura  mater  from  rupture 
of  the  middle  meningeal  artery. 

5.  Intracranial  abscess. 

For  the  removal  of  a  bullet  lodged  within  the  cranium. 
7.  For  the  cure  of  traumatic  epilepsy. 

The  trephine  may  thus  be  applied  to  the  skull  for  the  fulfilment  of  one  of 
two  principles— either  Avith  the  view  of  preventing  inflammation  and  its  eon- 
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sequences,  or  for  the  purpose  of  removino-  some  cause  of  compression.  The 
on  y  case  m  ^Ylllch  preventive  trephinino-  is  practised  by  modern  Huro-eons 
IS  tliat  of  the  puuctared  or  starred  fracture  of  the  skull,  without  stupor ;  hi  all 
other  mstances  m  which  it  is  called  for,  the  o])ject  of  ics  application  is  the 
remoml  ot  a  cause  of  compression  or  of  irritation  of  the  brain,  such  as  a  de- 
pressed portion  of  bone,  foreign  bodies  either  fixed  in  the  skull  or  lying  close 
under  it,  or  pus  or  blood  extravasated  within  the  cranial  cavity. 

Ihe  trephine  should  have  a  well-tempered  crown,  serrated  half-way  up  its 
exterior  ;  the  teeth  should  be  short  and  broad;  the  centre-pin  must  not  i)roject 
more  than  about  one-sixteenth  of  an  inch,  and  care  must  be  taken  that  the 
screw  which  fixes  it  is  in  good  working  order.     The  other  instruments 


Fig.  320. — Api>licatiou  of  Trepliiue. 


Fig.  3'J7. — Trcpliine-cut  at  edge  of  fracturo. 


required  are  a  Hey's  saw,  an  elevator  that  will  not  readily  snap,  a  pair  of 
strong  dissecting  forceps,  and  a  quill  cut  to  a  rather  long  blunt  point. 

The  operation  itself  should  lie  conducted  in  the  following  way.  The  head 
having  been  shaved,  and  the  portion  of  the  skull  to  which  the  trephine  is  to 
be  applied  having  been  freely  exposed  by  means  of  a  crucial  or  T-shaped  in- 
cision, or  by  the  enlargement  of  any  wound  that  may  exist,  the  periosteum  is 
to  be  carefully  raised  with  a  periosteal  elevator  from  the  whole  area  to  be 
removed.  The  tre])hiue,  with  the  centre-pin  protruded  and  well  screwed 
down,  is  now  to  be  firmly  applied  until  its  teeth  tou(;h  the  skull  (Fig.  32(5)  ; 
it  is  then  worked  with  rather  a  shai-p,  light,  and  quick  movement,  the  pressure 
being  exercised  as  the  hand  is  can-ied  from  left  to  right.  The  centre-pin  must 
be  withdrawni  as  soon  as  a  good  groove  is  formed  by  the  crown,  lest  it  perforate 
the  skull  first  and  injure  the  dura  mater.  In  this  way  the  outer  table  of  the 
skull  is  quickly  divided,  and  the  diploe  cut  into  (Fig.  327) ;  the  detritus 
which  now  rises  by  the  crown  of  the  trephine  is  soft  and  bloody,  instead  of 
being  dry,  as  it  is  whilst  the  outer  table  is  being  sawn.  As  the  instrument 
approaches  the  dura  mater,  the  sawing  must  be  conducted  more  warily,  and 
must  every  now  and  then  l)e  interrupted,  in  order  that  the  Surgeon  may 
examine  with  the  quill,  or  with  the  flat  end  of  a  probe,  the  depth 
that  has  been  ol)taincd,  care  being  taken  that  this  is  unifonn  throughout 
the  circle.  The  Surgeon  now  makes  each  turn  very  lightly,  and  now  and 
then  tries  with  a  slight  to-and-fi'o  movement  whether  the  circle  of  bone  is 
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loose.  So  soon  as  it  is,  he  withdraws  it  in  the  crown  of  the  trephine,  or  raises 
the  bone  hy  means  of  the  elevator.  In  this  operation  the  dura  mater  must 
not  be  wounded  ;  if  it  be  injured,  fatal  consequences  may  ensue.  The  objects 
for  which  the  trephining  has  been  had  recourse  to  must  now  be  carried  out, 
depressed  bone  being  elevated  or  removed,  and  pus  or  blood  evacuated.  The 
scalp  should  theii  be  laid  down  again,  and  a  few  sutures  applied,  leaving  good 
space  for  drainage. 

The  operation  should,  whenever  possible,  be  performed  with  all  antiseptic 
precautions.  The  dressing  may  be  either  carbolic  gauze,  or  dry  iodoform-,  or 
salicyUc-wool  Of  these,  the  gauze  is  preferable,  as  an  ice-cap  can  be  applied 
over  it  if  necessary.  If  no  antiseptic  material  be  at  hand,  the  Surgeon  must 
avoid  the  use  of  water  ;  he  may  wipe  away  the  blood  with  the  dry  lint,  and 
apply  a  dry  dressing  afterwards.  By  this  means  he  will  give  the  patient  the 
best  chance  of  escaping  putrefaction  of  the  discharges  and  septic  meningitis  in 
those  cases  in  which  the  dura  mater  is  wounded. 

There  are  certain  parts  of  the  skull — over  the  venous  sinuses,  for  instance, 
and  near  the  base — to  which  no  prudent  Surgeon  would  apply  the  instrument. 
If  it  were  ever  thought  necessary  to  trephine  at  the  frontal  sinuses,  the  outer 
table  must  first  be  removed  with  a  large  crown,  and  the  inner  table  sawn  out 
with  a  smaller  one. 

The  escape  of  cerebro -spinal  fluid  through  a  trephine  aperture  is  a  remark- 
able occurrence.  In  one  such  case  recorded  by  Clement  Lucas,  the  cerebro- 
spinal fluid  began  to  escape  the  day  after  the  operation.  The  patient, 
however,  so  far  recovered  as  to  be  on  the  point  of  leaving  the  Hospital,  Avhen 
erysipelas  set  in,  and  he  died  of  acute  meningitis.  After  death,  the  track  of 
damaged  brain  was  found  leading  to  the  ventricle  from  which  the  fluid  had 
escaped  through  the  scalp.  This  case  confirms  the  important  observation 
made  by  Clement  Lucas,  that  where  cerebro-spinal  fluid  escapes  through  the 
calvaria,  the  ventricular  cavity  of  the  brain  has  always  been  opened. 

After  the  operation,  careful  attention  must  be  paid  to  antiphlogistic  measures 
of  a  preventive  and  curative  kind,  the  great  direct  danger  to  be  apprehended 
being  inflammation  of  the  brain  and  its  membranes.  In  some  cases,  also,  there 
is  reason  to  believe  that  suppurative  phlebitis  of  the  sinuses  and  veins  of  the 
diploe  has  been  the  cause  of  death. 

Before  the  use  of  Antiseptics  the  operation  of  trephining  was  by  no  means 
favourable  in  its  results.  Of  45  cases  reported  by  Lente,  as  occurring  at  the 
New  York  Hospital  (in  which,  however,  there  is  no  distinction  made  between 
the  application  of  the  trephine  proper  and  of  various  instruments,  such  as  the 
elevator,  Hey's  saw,  etc.,  belonging  to  a  trephining  case),  only  11,  or  about 
one-fourth,  recovered.  Of  17  cases  in  which  the  trephine  proper  was  used 
at  University  College  Hospital,  by  Cooper,  Liston,  and  myself,  G  patients 
recovered,  1  other  died  of  injmy  of  the  spine  unconnected  with  the  operation, 
and  the  remaining  10  died  from  various  causes.  In  the  late  American  war, 
the  results  have  been  more  satisfactory  than  the  previous  experience  of  Army 
Surgeons  would  have  led  us  to  hope.  Of  107  cases  of  trephining,  47  recovered ; 
and  of  114  cases  where  fragments  of  bones  were  removed  by  the  forceps  and 
elevator,  without  the  use  of  the  trephine,  53  recovered.  The  Parisian  Surgeons 
have  not  been  very  successfiil.  Nelaton  says  that  all  the  cases  of  injury  of 
the  head,  k;  in  number,  in  which  the  trephine  had  been  used  in  the  Parisian 
hospitals  during  fifteen  years,  terminated  fatally. 
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As  the  older  Surgeons  never  published  statistics,  we  liave  no  authentic 
figures  to  show  us  the  mortality  that  followed  trephining  in  former  times, 
when  it  was  undertaken  very  recklessly,  as  we  should  now  think ;  but  it  seems 
improbable  that  an  operation  so  lightly  undertaken  could  have  been  very  fatal. 
The  good  results  would  seem  to  have  been  due  to  t^vo  causes— first,  a  large 
number  of  the  cases  in  which  it  was  done  were  uncomplicated  by  serious  brain- 
injury  or  -disease ;  and  secondly,  the  drainage  after  the  operation  must  have 
been  very  perfect,  as  the  piece  of  scalp  corresponding  to  the  bone  removed  was 
also  taken  away,  the  wound  being  left  to  heal  by  granulation. 

The  introduction  of  antiseptic  surgery  has  greatly  reduced  the  mortality, 
especially  in  cases  in  which  the  dura  mater  is  wounded.  Kramer  gives  the 
following  results  obtained  fi'om  published  cases  and  the  reports  of  hospitals  in 
which  the  antiseptic  system  has  been  adopted.  Of  25  cases  in  which  primary 
trephining  was  performed  for  compound  fracture,  21  healed  by  first  intention, 
2  after  suppuration,  and  2  died,  1  of  circumscribed  meningitis,  and  1  of 
meningo-enccphaiitis.  In  G  cases  of  secondary  trephining,  o  healed  by  first 
intention,  2  by  second  intention,  and  1  died  with  hernia  cerebri.  In  22  cases 
in  which  the  skull  was  opened,  through  a  previously  sound  scalp,  for  tumours, 
epilepsy,  old  depressed  fractures,  &c.,  21  healed  without  fever,  13  by  first 
intention,  and  none  died. 

In  considering  the  mortality  after  trephinmg,  it  must  be  remembered  that 
the  unfavourable  result,  which  so  frequently  follows,  is  not  always  to  be  attri- 
buted to  the  operation  itself.  In  a  large  proportion  of  fatal  cases  death 
results  rather  fi'om  the  injury  sustained  by  the  brain,  from  pressure  of  extra- 
vasated  blood,  or  ft'om  inflammatory  mischief  round  a  laceration  of  the 
cerebral  substance,  than  from  the  operation  ;  and  as  the  cases  to  which  modern 
Surgeons  now  restrict  the  use  of  the  trephine  would  necessarily  prove  fatal  if 
left  to  themselves,  it  is  but  right  to  give  the  patient  the  chance  of  escaping 
with  life,  however  slender  that  chance  may  be. 
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INJUrJES  OF  THE  SPINE. 

Injuries  of  the  spine,  like  those  of  the  head,  derive  their  importance 
mainly  from  the  lesions  of  the  Inclosed  nervous  structures  by  which  they  are 
accompanied.  Speaking  clinically,  by  "  the  spine  "  is  meant  not  the  vertebral 
column  only — that  is  merely  its  skeleton — but  the  whole  of  those  structures 
Avhich  in  the  living  body  connect  together,  or  are  included  within  the  various 
bones  of  which  that  column  is  composed.  These  structures  are  of  the  most 
diversified  character;  they  include  muscles,  tendons,  ligaments,  cartilage, 
fibro-cartilage,  synovial  membrane  as  bonds  of  miion.  As  included  structures 
we  find  the  spinal  cord,  its  membranes  and  blood-vessels,  the  roots  of  the 
spinal  nerves,  the  nerves  themselves,  ganglia  and  branches  of  the  sympathetic. 
Clinically  these  must  fill  be  considered  as  constituents  of  the  spine — as  forming 
parts,  indeed,  of  one  organ.  In  an  injury  of  the  spine,  whether  it  be  direct 
or  indirect,  all  these  structm-es  are  liable  to  be  implicated  to  a  gi-eater  or  lesser 
extent.  In  a  severe  injury  such  as  a  fracture,  it  is  evident  that  the  lesion  is  not 
confined  to  the  bones,  but  implicates  more  or  less  extensively  all  the  external 
structures  that  enter  into  the  conformation  of  the  spine,  as  well  as  the  included 
structures — the  cord  and  its  membranes,  and  the  spinal  nerves  in  their  exit 
from  the  canal.  So  also  in  less  severe  and  direct  injury,  as  in  a  concussion, 
the  effect  is  not  limited  to  one  anatomical  constituent  only,  whether  that  be 
the  bones  or  the  cord,  but  implicates  more  or  less  severely  one  and  aU  of  the 
structures  that  enter  into  the  formation  of  the  spine,  or  that  are  included  in  its 
eanal.  The  degree  to  which  each  suflfers  will  necessarily  vary  greatly  according 
to  the  force,  the  character,  and  the  direction  of  the  violence,  but  all  are  liable 
to  the  effects  of  the  injury.  It  is  of  the  utmost  importance  to  bear  this  fact 
in  mind,  in  making  the  diagnosis  and  considering  the  possible  after-conse- 
quences of  these  injuries.  In  some  cases  the  ligaments  and  muscles,  in  others 
the  bones,  in  others  again  the  spinal  nerves,  or  the  cord  itself,  will  appear 
to  be  the  part  that  has  chiefly  suffered ;  but  in  no  instance  wiU  it  be  found 
that  the  damage  has  been  confined  to  one  structure,  to  the  exclusion  of  all 
the  rest. 

By  Concussion  of  the  Spine,  then,  I  mean  the  case  in  which  by  a  blow 
upon  the  back,  by  a  severe  shake  of  the  body,  or  by  a  fall  fi'om  a  height  on  to 
the  buttocks  or  feet,  the  various  anatomical  constituents  of  the  spine  have  been 
severely  jarred,  shaken  or  strained. 

When  the  injury  is  confined  mainly  to  the  motor  apparatus  of  the  spine, 
it  is  apt  to  be  followed  by  much  pain  on  movement  of  the  body,  espe- 
cially in  such  directions  as  to  stretch  the  injured  parts.  These  pains  lead  to 
instinctive  fixity  of  the  injured  parts,  and  the  painful  rigidity  so  resulting  is 
often  of  a  most  persistent  and  intractable  nature. 

In  other  cases,  the  nervous  structures  mainly  are  injured.  When  the  spinal 
nerves  are  stretched  or  their  sensory  roots  damaged,  neuralgic  pains  of  a  most 
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intense  character,  often  occasiouin^i?  wide-spread  cutaneous  hypcrcesthcsia,  will 
develope.  If,  again,  the  cord  is  the  part  that  has  mainly,  or  in  coujunctiou 
with  the  others,  hceu  the  seat  of  injury,  symptoms  that  may  more  distinctly 
be  referred  to  Concussion  of  the  Spinal  Cord  will  result.  But  these,  it 
must  be  remembered,  will  always  be  found  to  be  more  or  less  complicated  with 
or  masked  by  the  damage  done  to  the  locomotor  and  the  other  ncr\-ous  con- 
stituents of  the  spine. 

What  has  here  been  said  with  regard  to  the  eifects  of  primary  lesion  of  the 
spine  is  equally  true  with  respect  to  the  secondary  consequences  of  such 
injuries.  An  injury  inflicted  on  the  ligamentous  structures  of  the  spine  may 
readily  develope  local  inflammatory  conditions,  that  eventually  extend  by 
continuity  of  structure  to  the  meninges  of  the  coi-d.  A  lesion  of  a  spinal 
nerve  may  give  rise  to  a  neuritis,  which  assuming  an  ascending  and  progressive 
character,  will  lead  to  permanent  and  organic  disease  of  one  of  the  lateral 
segments  of  the  cord.  And  so  an  injury  of  the  cord  itself  at  one  part  may 
after  a  time  lead  to  organic  changes  at  a  distant  and  higher  point. 

The  Spinal  Cord  is  subject  to  Concussion,  Compression,  and  Inflammation, 
as  the  result  of  external  violence  ;  and  any  of  these  conditions  may  occur 
without  injury  to  the  osseous  and  ligamentous  structures  investing  it,  although, 
in  the  majority  of  cases,  they  are  directly  occasioned  by  fracture  or  dislocation 
of  the  vertebra3.  The  cord  may  also  be  imriialUj  or  compUielij  divided  by 
cutting  instruments,  gun-shot  wounds,  or  broken  vertebrge. 

CONCUSSION  OF  THE  SPINAL  COED,* 

It  is  by  no  means  easy  to  give  a  clear  and  comprehensive  definition  of  the 
term,  Concussion  of  the  Spinal  Cord.  The  term  is  clinical  rather  than 
pathological.  It  is  generally  adopted  by  Surgeons  to  indicate  a  certain 
state  of  the  cord  occasioned  by  external  violence  ;  a  state  that  is  independent 
of,  and  usually,  but  not  necessarily,  uncomplicated  with,  any  obvious  mechanical 
lesion  of  tlie  vertebral  column,  such  as  fracture  or  dislocation ;  a  condition 
that  is  supposed  to  depend  upon  a  shake  or  jar  received  by  the  cord,  by  which 
its  intimate  structure  is  more  or  less  deranged,  by  which  its  functions  are 
greatly  disturbed,  and  in  which  various  symptoms  indicative  of  loss  or  modifi- 
cation of  innervation  are  immediately  or  remotely  induced. 

It  appears  that  Surgeons  and  writers  on  diseases  of  the  nervous  system  have 
included  four  distinct  pathological  conditions  under  this  one  term,  concussion 
of  the  spinal  cord;  viz.,  1.  A  jar  or  shake  of  the  cord,  disordering,  to  a  greater 
or  less  degree,  its  functions,  without  any  lesion  perceptible  to  the  unaided  eye ; 
2.  Compression  of  the  cord  from  extravasated  blood ;  ?>.  Compression  of  the 
cord  from  inflammatory  exudations  within  the  spinal  canal,  whetlier  of  serum, 
lymph,  or  pus  ;  and,  4.  Chronic  alterations  of  the  structure  of  the  cord  itself, 
as  the  result  of  impairment  of  nutrition  consequent  on  the  occurrence  of  one 
or  other  of  the  preceding  pathological  states,  but  chiefly  of  the  third.  These 
various  conditions  differ  remarkably  from  one  another  in  symptoms  and  effects, 
and  have  only  this  in  common— that  they  are  not  dependent  u]3on  an  obvious 
external  injury  of  the  spine  itself;  in  which  respect  they  differ  from  the 

•  I  would  refer  the  reader  to  my  woi  k  on  "  Concussion  of  the  Spine,  Nervous  Shock,  and  other  Obscure 
Injuries  of  tlie  Nervous  Sj'steni,"  London,  1SS2,  for  a  more  complete  exposition  of  this  subject  than  can  be 
given  here. 
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laceration  or  compressiou  of  the  cord  by  fracture  with  displacement  or  disloca- 
tion of  a  vci'tebra. 

►Symptoms  indicative  of  concussion  of  the  spinal  cord  frequently  occur,  in 
consequence  of  injuries  sustained  in  railway-collisions,  and  have  been  very 
forcil)ly  brought  under  the  observation  of  Surgeons  in  consequence  of  their 
having  been  the  fertile  sources  of  litigation  ;  actions  for  damages  for  injuries 
alleged  to  have  been  sustained  in  railway-collisions  having  become  of  such 
frequent  occurrence  as  now  to  constitute  a  very  important  branch  of  medico- 
legal inquiry.     The  symptoms  that  arise  from  these  accidents  have  been 
very  variously  interpreted.    Some  practitioners  have  ignored  them  entirely, 
believing  that  they  exist  only  in  the  imagination  of  the  patient ;  or,  while 
admitting  their  existence,  have  attributed  them  to  other  conditions  of  the 
nervous  system  which  could  not  have  arisen  from  the  alleged  accident.  And 
when  their  connection  with,  and  dependence  upon,  an  injury  have  been  in- 
contestably  proved,  no  little  discrepancy  of  opinion  has  arisen  as  to  the  ulti- 
mate result  of  the  case,  the  permanence  of  the  symptoms,  and  the  curability  of 
the  patient,  I  cannot  too  strongly  urge  the  fact  that  there  is  in  reality  nothing 
special  in  the  symptoms  of  concussion  of  the  sj)ine  produced  by  railway-colli- 
sions, except  the  severity  of  the  accident  by  which  the  concussion  is 
occasioned,  and  that  it  is  consequently  a  mistake  to  look  on  a  certain  class  of 
symptoms  as  special  and  peculiar  to  railway-accidents.    Injuries  received  on 
railways  may  differ  in  their  severity,  but  do  not  diffbr  in  their  nature,  from 
injuries  received  in  the  other  accidents  of  civil  life.    There  is  no  more  real 
difference  between  that  concussion  of  the  spine  which  results  from  a  railway- 
collision  and  that  which  is  the  consequence  of  a  fall  from  a  horse  or  a  scaffold, 
than  there  is  between  a  compound  and  comminuted  fi-acture  of  the  leg  occa-  • 
sioned  by  the  grinding  of  a  railway-carriage  over  the  liml)  and  that  resulting  • 
from  the  passage  of  the  wheel  of  a  cart  across  it.    In  either  case,  the  injurv 
arising  from  the  railway-accident  will  be  essentially  of  the  same  nature  as  that : 
which  is  otherwise  occasioned  ;  but  it  will  probably  be  infinitely  more  severe  ■ 
and  destructive  in  its  effects,  owing  to  the  greater  degree  of  violence  that : 
occasions  it. 

Concussion  of  the  spinal  cord  may  be  producedeitherby  (^/rec#vw?e«r^',  as  by 
severe  blows  or  falls  on  the  back,  giving  rise  to  local  pain  and  signs  of  contu-  • 
sion,  or  by  slight  blows  :  or  by  mdireci  violence,  as  when  a  person  meets  withi 
a  fall,  or  general  concussion  of  the  body,  without  any  evidence  of  a  blow.* 
having  been  inflicted  on  the  spine  itself;  or  by  tivisls  and  sprains,  or  wrenches,, 
of  the  vertebral  column. 

Concussion  from  Direct  Violence.— Concussion  or  commotion  of  the 
spinal  cord,  as  a  consefiucnce  of  severe  and  direct  l)lows  upon  the  back,  has 
long  been  recognized  and  described  by  those  writers  who  have  occupied  them- 
selves with  the  effects  of  iujuries  to  this  part  of  the  body. 

The  Primary  Symptoms  of  concussion  of  the  cord  immediately  and 
directly  produced  by  a  severe  blow  upon  the  spine  will  necessarily  vary  in 
severity  and  extent  according  to  the  situation  of  the  injury,  the  force  with 
which  it  has  been  inflicted,  and  the  amount  of  organic  lesion  that  the  delicate 
structure  of  the  cord  has  sustained  from  the  shock  or  jar  to  which  it  has  been 
subjected.  A  se^•ere  blow  upon  the  Upper  Cervical  Region  may  produce 
instantaneous  death ;  a  less  severe  blow  may  produce  paralysis  of  one  or  of 
all  the  limbs,  with  every  possible  modification  of  combined  or  disassociated 
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loss  of  motor  power  and  of  sensation,  of  liyperfestliesia  and  of  anaistliesia  ; 
or  it  may  give  rise  to  various  phenomena,  dependent  on  irritation  of  the  large 
nerves  that  take  their  origin  from  the  medulla  oblongata.  Thus,  when  tlie 
vcujUH  nerve  is  atT'ected,  a  sense  of  suiibcation,  with  irregular  action  of  the 
heart,  may  be  experienced,  or  severe  vomiting  may  be  estal)lished,  and  may 
continue  for  months.  Sometimes  the  sjniuil  acccsaorij  nerve  is  irritated,  and  the 
trapezius  or  the  sterno-mostoid  muscle  thrown  into  a  more  or  less  permanent 
spasmodic  state.  From  injury  about  the  origin  of  the  phrenic  nerve,  hiccup 
and  a  pecuhar  sense  of  constriction  round  the  body,  as  if  the  patient  were  girt 
by  an  iron  band,  may  be  establislied.  In  other  cases,  again,  the  diaphragm 
becomes  partially  paralysed,  it  does  not  descend  properly  in  inspiration,  hence 
dysj)noea,  often  to  a  very  serious  extent,  is  induced. 

"When  the  Lower  Part  of  the  Cervical  Spine  has  been  struck  so  as  to 
concuss  the  cord,  I  have  known  paralysis  of  one  or  both  arms  induced,  without 
any  paralytic  symptoms  of  the  trunk  or  legs.  In  these  cases  the  par-alysis  may 
go  off  entirely  ;  or  it  may  disappear  in  one  arm  and  continue  in  the  other  ;  or 
one  nerve  only  may  continue  to  be  affected — such  as  the  circumff ex,  ihemusnilo- 
sj>iral,  or  the  ulnar.  There  may  be  complete  paralysis  of  sensation  and  of 
motion  in  any  one  of  these  nerves  ;  or  motor  power  may  be  lost,  whilst  sensa- 
tion is  normal :  or,  more  commonly,  where  the  sensibility  continues,  it  is 
exalted,  and  we  may  find  loss  of  motor  power  with  hy})erci3sthesia.  These 
modifications  of  innervation  may  be  confined  to  one  nerve,  as  the  musculo- 
spiral,  when  there  will  be  loss  of  motor  poAver  in  the  extensors  and  supinators 
of  the  forearm  and  hand,  Avitli  loss  of  sensation  or  with  hyperesthesia  of  the 
part  of  the  hand  supplied  by  the  radial  nei've.  In  other  cases  we  find  motor 
paralysis  of  the  circumflex  or  musculo-s])iral  nerve,  and  hypera^sthesia  of  the 
ulnar.    In  tliese  respects  there  is  every  possible  variety. 

A  severe  blow  inflicted  on  the  Dorsal  or  the  Lumbar  Region  may  induce 
more  or  less  complete  paraplegia.  In  some  cases  the  paralysis  of  the  lower 
limbs  has  been  complete  and  instantaneous  ;  and  has  affected  both  sensation 
and  motion,  with  loss  of  power  over  the  sphincters.  In  other  cases  there  has 
been  only  paralysis  of  motion,  sensation  continuing  perfect  or  being  in  excess. 
The  reverse  has  been  met  with,  but  less  frequently  and  less  amii^letcly  ;  there 
being  loss  of  sensation,  and  impairment,  though  not  complete  loss,  of  power 
over  motion.  One  leg  is  frequently  more  severely  affected  than  the  other.  Or 
the  two  legs  may  be  unequally  affected  as  to  sensation  and  motion  ;  both 
sensation  and  motion  being  impaired,  but  in  varying  degrees  in  the  two  limbs. 
There  may  be  comiilete  loss  of  power  over  the  sphincters  both  of  the  bladder 
and  anus,  with  incontinence  or  retention  of  urine  and  fasces  ;  or  the  loss  of 
power  may  be  confined  to  the  bladder,  which  is  especially  the  case  when 
there  is  paralysis  of  motion  rather  than  of  sensation  in  the  lower  limbs.  The 
state  of  the  urine  will  vary.  If  there  be  no  retention,  it  will  continue  acid. 
AVhen  there  is  retention,  the  urine  usually  becomes  alkaline,  but  sometimes, 
even  when  there  is  complete  retention,  it  remains  strongly  acid  ;  and  Ollivier 
noted  the  xQvy  remarkable  circumstance  in  one  case  of  retention,  that  there 
was  an  enormous  formation  of  uric  acid,  so  that  the  catheter  became  loaded 
with  it.  Priapism  does  not  occur  in  concussion,  while  it  does  so  often  in  cases 
of  laceration  and  irritation  of  the  cord. 

The  Temperature  of  the  body  generally  falls  below  the  normal  standard, 
often  very  markedly  so  ;  the  extremities  and  the  mouth  being  especially  cold. 
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"When  tested  liy  tlie  thermometer,  in  tlie  month  or  axilla,  the  temperature  will 
often  be  found  to  be  from  four  or  six  degrees  below  the  normal  standard  ;  but 
when  the  thermometer,  which  perhaps  marked  only  90°  F.  in  the  axilla,  is 
placed  in  the  rectum,  it  will  be  found  to  rise  above  normal  to  '.)9°  or  100°  F. 
This  is  very  important  as  shewing  that  the  Avhole  body  is  not  uniformly  of  a 
lower  temperature  than  normal.  It  points  rather  to  a  disturbance  of  the 
vaso-motor  action  of  the  sympathetic  nerve  than  to  any  direct  influence 
exerted  by  the  spinal  cord,  and  may  be  connected  with  that  condition  of 
abdominal  cougestion  which  is  so  common  a  sequence  of  these  injuries. 

The  Secondary  Symptoms  of  severe  concussion  of  the  spine  are  usually 
those  of  developing  inflammation  in  the  meninges  and  in  the  cord 
itself.  They  consist  of  pain  in  some  part  or  parts  of  the  spine,  greatly  in- 
creased by  pressure  and  motion,  and  rujidUij  of  the  \'ertcbral  column,  the 
patient  moving  it  as  a  whole.  The  pain  is  greatly  increased  ])y  all  movements, 
but  especially  by  those  of  rotation.  It  frequently  extends  as  a  line  down  the 
limbs  or  as  a  circle  round  the  body,  giving  the  sensation  of  a  cord  tied 
tightly. 

If  the  case  go  on  to  the  development  of  acute  inflammation  in  the  mem- 
branes of  the  cord,  simsms  of  a  serious  character  come  on  ;  at  first,  usually  of 
the  nature  of  trismus  ;  then  general  spasms  of  the  body  and  limbs,  mostly 
followed  by  speedy  death  from  the  exhaustion  produced  by  their  repetition. 

If  the  inflammation  become  chronic  or  subacute,  permanent  aUerations 
in  the  sirucfure  of  the  cord  will  ensue,  leading  to  incurable  paralytic  affections, 
usually  confined  to  the  lower  extremities,  and  associated  with  gi-eat  and  deep- 
seated  derangement  of  the  general  health. 

^Yhite  softenwg  of  the  cord,  nnassociated  with  signs  of  inflammation  of  it  or 
its  membranes,  may  be  the  result  of  a  l)low  on  the  back.  In  this  condition 
paralysis  of  sensation  or  motion,  often  accompanied  by  peculiar  rigidity  of  the 
muscles,  may  come  on,  and  ultimately  advance  to  general  paralysis. 

Causes  of  Death. — Concussion  of  the  spinal  cord  from  a  severe  and  direct 
blow  upon  tlie  back  may  prove  fatal  at  very  different  periods,  depending  partly 
on  the  situation  of  the  blow,  and  in  a  great  measure  on  the  lesions  to  which  it 
has  given  rise.  Sudden  and  fatal  paralysis  has  often  occurred,  without  leaving 
after  death  any  lesion  of  the  cord  that  could  be  assigned  as  the  cause  of  death. 
Abercrombie  says,  "Concussion  of  the  cord  may  be  speedily  fatal  without 
producing  any  morbid  appearance  that  can  be  detected  on  dissection."  And 
he  refers  to  a  case  related  by  Boyer,  and  four  recorded  by  Frank,  in  confirma- 
tion of  this  remark. 

In  other  cases,  the  fatal  result  may  be  occasioned  by  direct  and  demonstrable 
injury  of  the  spine  or  cord.  There  ajtpear  to  be  four  forms  of  lesion  that  will 
lead  to  death  in  spinal  concussion  from  direct  severe  violence. 

1.  Hajmon-hage  within  the  spinal  canal  : — a.  Between  the  vertebra3  and 
the  dura  mater  ;  h.  Between  the  membranes  and  the  cord  ;  c.  In  both  situa- 
tions. In  these  respects,  intravertebral  extravasations  resemble  closely  those 
which  occur  as  the  result  of  injury  within  the  cranium. 

2.  Laceration  of  the  pia  mater  and  hernia  of  the  cord. 

3.  Extravasation  into  the  substance  of  the  cord. 

4.  Inflammation,  and,  perhaps,  suppuration  of  the  meninges,  with  softening 
and  disintegration  of  the  substance  of  the  cord.  This  disintegration  is,  doubt"- 
less,  of  an  acute  and  probai)ly  inflammatory  character. 
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Concussion  of  the  spinal  cord  from  a  direct  and  severe  injury  of  tlie  back 
may  terminate  also  in  complete  recovery  after  a  longer  or  shorter  time,  or  in 
incomplete  recovery.  The  probability  of  the  termination  in  recovery  does  not 
depend  so  much  on  the  actual  severity  of  the  immediate  symptoms  that  may 
have  been  occasioned  by  the  accident,  as  on  their  persistence.  If  they  continue 
beyond  a  certain  time,  changes  will  take  place  in  the  cord  and  its  membranes 
which  are  incompatible  with  the  proper  exercise  of  its  functions. 

Injuries  of  the  Vertebral  Column  in  Concussion. — In  concussion  of 
the  spinal  cord,  there  is,  in  addition  to  the  lesion  of  the  cord,  serious  injury 
inflicted  on  the  ligamentous  and  bony  structures  of  the  vertebral  column. 
This  injury,  however,  must  be  considered  as  an  accidental  complication,  as  it 
does  not  necessarily  occasion,  or  even  aggravate,  the  mischief  done  to  the 
cord.  Thus  the  ligaments  may  be  torn  through  so  as  to  allow  partial  separa- 
tion of  contiguous  A'ertel)rae  ;  or,  a  vertebra  may  be  fractured,  but  without  any 
displacement  of  the  broken  fragments,  or  other  sign  by  which  it  is  possible 
during  life  to  determine  the  exact  amount  of  injury  inflicted  on  the  parts 
external  to  the  cord.  In  this  respect  injuries  of  the  spine  closely  resemble 
those  of  the  head  ;  their  chief  importance  depending  on  the  amount  of  injury 
inflicted  upon  the  contained  parts.  In  the  spine,  as  in  the  head,  it  will  some- 
times be  found  after  death  from  what  appears  to  be,  and  in  reahty  is,  simple 
injury  of  the  nervous  centres,  that  the  vertebral  column  in  the  one  case,  and 
the  skull  in  the  other,  has  suffered  an  amount  of  injury  unsuspected  during 
life  ;  and  which,  though  it  may  not  in  any  way  have  determined  the  fatal 
]'esult,  yet  affords  conclusive  evidence  of  the  violence  to  which  the  parts  have 
been  subjected,  and  the  intensity  of  the  disorganizing  shock  that  they  have 
suffered.  There  is,  however,  a  ^■ery  essential  difference  between  the  spine  and 
the  head.  A  simple  fracture  of  the  cranium  may  be  of  no  moment,  except  so  far 
as  the  violence  that  has  occasioned  it  may  have  influenced  the  brain.  In  the 
spiTie,  the  case  is  not  parallel ;  for,  as  the  vertebral  column  is  the  centre  of 
support  to  the  body,  its  function  in  this  respect  will  be  lost  when  it  is  broken ; 
even  though  the  spinal  cord  may  not  have  been  injured  by  the  edges  of  the 
fi'actui'cd  vertebnc,  but  simply  \'iolently  and  fatally  concussed  hj  the  same 
force  that  broke  the  spine. 

Boyer  noticed  the  "very  interesting  practical  fact,  that,  Avhen  the  interspinous 
ligaments  were  ruptured  in  conser|uence  of  forcible  flexion  of  the  spine  for- 
wards, no  fatal  consequences  usually  ensued,  the  integrity  of  the  parts  being 
restored  by  rest :  but  that,  when  the  ligamenta  subflava  were  torn  through, 
and  the  arches  separated,  paraplegia  and  death  followed.  This  he  attributed 
to  stretching  of  the  spinal  cord.  Sir  C.  Bell,  however,  with  great  acuteness, 
has  pointed  out  the  error  of  this  explanation,  and  states  that  "  it  is  the  progress 
of  the  inflammation  to  the  spinal  raanw,  and  not  the  pressure  or  the  extension 
of  it,  Avhich  makes  these  cases  of  subluxation  and  breach  of  the  tube  fatal." 
There  can  be  no  doubt  that  this  explanation  is  the  correct  one  ;  and  that, 
when  oJice  the  spinal  canal  is  forcibly  torn  open,  fatal  inflammation  will  spread 
to  the  meninges  and  to  the  medulla  itself. 

Effects  of  Slight  Blows. — The  consideration  of  the  effects  that  may  be 
produced  on  the  spinal  cord  by  sli/jht  blows,  whether  applied  to  the  back  or  to 
a  distant  part  of  the  body,  has  long  arrested  the  attention  of  observant  prac- 
titioners. Abercrombie,  writing  in  1.S2;),  says,  that  chronic  inflammation  of 
the  cord  and  its  membranes    may  supervene  upon  very  slight  injuries  of  the 
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spine."  He  says  also :  Every  injury  of  the  spine  should  be  considered  as 
deserving  of  nn"nnte  attention.  IMie  more  immediate  cause  of  anxiety  in  such 
cases  is  inflammatory  action,  Avhich  may  be  of  an  acute  or  chronic  kind  ;  and 
we  have  seen  that  it  may  advance  in  a  very  insidious  manner  even  after  in- 
juries that  were  of  so  sliglit  a  kind  that  tliey  attracted  at  the  time  little  or  no 
attention."  Nothing  can  be  clearer  and  more  positive  than  this  statement. 
These  remarks  of  Abercrombie  are  contirmed  by  (311ivier,  by  Bell,  and  by  other 
writers  on  such  injuries. 

CoxcussiON  FRO-M  IxDiRECT  A^iOLENCE. — There  is  a  class  of  c-ases  of  an 
extremely  insidious  aiid  protracted  character,  in  which  the  patient  has  re- 
ceived no  blow  or  injury  upon  the  head  or  spine,  but  the  whole  system  has 
liad  a  severe  shake  or  shock,  in  consequence  of  which  disease  is  developed  in 
the  spinal  cord,  perhaps  eventually  extending  to  the  membranes  of  the  brain. 
These  cases  are  more  frequent  in  railway  than  in  other  injuries  ;  but  they 
occasionally  occur  in  consequence  of  ordinary  accidents. 

One  of  the  most  remarkable  circumstances  connected  with  injuries  of  the 
spinal  cord  is,  the  disproportion  l)etween  the  accident  and  the  mischief  pro- 
duced thereby.  Not  only  do  most  serious,  progressive,  and  persistent  symptoms 
of  concussion  of  the  spinal  cord  often  develop  themselves  after  appai'cntly  slight 
injuries,  but  frequently  when  there  is  no  sign  whatever  of  external  lesion. 
The  shake  or  jar  inflicted  on  the  spine  Avhen  a  perscm  jumping  from  the  height 
of  a  few  feet  comes  to  the  ground  suddenly  and  heavily  on  his  heels  or  in  a 
sitting  posture,  has  been  well  known  to  Surgeons  as  a  not  uncommon  cause  of 
spinal  weakness  and  debility.  It  is  the  same  in  railway  accidents  ;  the  shock 
to  which  the  patient  is  subjected  being  often  followed  by  a  train  of  slowly 
progressive  symptoms,  indicative  of  concussion  and  subsequent  irritation  and 
inflammation  of  the  cord  and  its  membranes. 

Tt  is  worthy  of  remark,  that  the  symptoms  of  spinal  concussion  seldom 
occur  when  a  serious  injury  has  been  inflicted  on  one  of  the  limbs,  unless  the 
spine  itself  have  at  the  same  time  been  directly  and  sc\  erely  struck.  A  person 
who  by  any  ordinary  accident  has  one  of  his  limbs  fractured  or  dislocated 
necessarily  sustains  a  very  severe  shock  ;  but  it  is  extremely  rare  to  find  that 
the  spinal  cord  or  the  brain  has  been  injuriously  influenced.  It  would  appear 
as  if  the  violence  of  the  shock  expends  itself  in  the  production  of  the  fracture 
or  the  dislocation,  and  that  a  jar  of  the  more  delicate  nervous  structures  is 
thus  avoided.  A  familiar  illustration  of  this  is  afforded  in  the  injury  sustained 
by  a  watch  Ijy  falling  on  the  ground.  A  watchmaker  once  told  me  that,  if  the 
glass  be  broken,  the  woi'ks  are  rarely  damaged  ;  if  the  glass  escape  unbroken, 
the  jar  of  the  fall  will  usually  be  found  to  have  stopped  the  movement. 

How  these  jars,  shakes,  shocks,  or  concussions  of  the  spinal  cord  directly 
influence  its  action,  I  cannot  say  with  certainty.  Allien  a  magnet  is  struck  a 
heavy  blow  with  a  hammer,  the  magnetic  force  is  jarred,  shaken,  or  concussed 
out  of  the  iron.  So,  if  the  spine  be  severely  jarred,  shaken,  or  concussed  by  a 
blow  or  shock  of  any  kind  communicated  to  the  body,  we  find  that  the  nervous 
force  is  to  a  certain  extent  shaken  out  of  the  man,  and  that  he  has  in  some  way 
lost  nervous  power.  What  immediate  change,  if  any,  has  taken  i)]ace  in  the 
nervous  structure  to  occasion  that  effect,  we  no  more  know^  than  what  chanoe 
happens  to  a  magnet  when  struck.  '  ' 

There  is  a  peculiar  ti-ain  of  symptoms  of  the  following  character  sometimes 
met  with  m  concussion  of  the  spine,  from  Avhatevcr  cause  it  may  occur.  The 
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patient  struck  on  the  lower  dorsal  region  feels  as  if  an  electric  shock  Imd 
passed  through  him  ;  he  ])ecomes  feeble,  and  scarcely  a1)le  to  stand  or  Avalk. 
Jle  takes  to  his  bed,  and  for  several  days  passes  scarcely  any  urine,  niictui-ating 
only  once  in  twenty-four  oi-  thirty-six  hours.  There  is  no  distension  of  the 
1  (ladder  from  retention  ;  but  little  or  no  urine  is  secreted.  On  passing  the 
catheter  the  bladder  will  be  found  to  contain  not  more  than  from  six  to  eight 
ounces.  The  cutaneous  sensibility  of  the  lower  extremities  is  gradually 
diminished  until  it  becomes  entirely  lost.  There  is  no  reflex  movement  on 
tickling  the  soles  of  the  feet,  and  no  electric  sensibility,  usually  as  high  as  the 
knees ;  sometimes  the  ana3sthesia  extends  much  higher.  The  patellar  reflex, 
electric  irrital)ility  and  nuiscular  tonicity  continue  for  a  time  unimpaired, 
perhaps  exaggerated,  then  decline,  paresis  of  the  lower  limbs  setting  in.  The 
temperature  of  the  extremities  and  'mouth  falls  much  below  normal.  The 
patient  becomes  aujemic,  wastes,  and  is  emotional,  a  hysterical  condition 
developing.  This  state  may  continue  for  many  months,  a  year,  or  two  even, 
with  many  intercurring  neurotic  phenoniena.  But  however  hojieless  the  case 
may  a]i])ear,  recovery  may  be  anticipated  with  confidence,  though  some  years 
may  elapse  befljre  this  is  complete. 

Secondary  EiFects. — Whatever  may  be  the  nature  of  the  primary  change 
that  is  produced  in  the  spinal  cord  by  a  concussion,  the  secondary  effects  are 
clearly  inflammatory,  and  are  identical  with  those  phenomena  that  have  been 
described  by  Ollivier,  Abercrombie,  and  others,  as  dependent  on  chronic 
meningitis  of  the  cord,  and  subacute  myelitis. 

One  of  the  most  remarkable  phenomena  attendant  upon  this  class  of  cases 
is,  that  at  the  time  of  the  occiu'rence  of  the  injury  the  sufferer  is  usually 
quite  unconscious  that  any  serious  accident  has  happened  to  him.  The 
period  of  tM  supeiTeniion  of  the  more  'serious,  persistent,  and  positive 
symptoms  of  spinal  lesion  will  vaiy  greatly.  Most  commonly,  after  the  first 
and  immediate  effects  of  the  accident  have  passed  off,  there  is  a  period  of  com- 
parative ease,  and  of  renn'ssion  of  the  symptoms,  during  which  the  patient 
imagines  that  he  will  speedily  regain  his  health  and  strength.  This  period 
may  last  for  many  weeks,  possibly  for  two  or  three  months.  Altliough  there 
is  often  this  long  interval  l)etween  the  time  of  the  occurrence  of  the  accident 
and  the  supervention  of  the  more  distressing  symptoms,  it  will  be  found,  on 
close  inquiry,  ihaf  iUere  has  never  been  an  inierval  of  complete  restoration  to 
health.  Mis  friends  remark,  and  he  feels  that  "  he  is  not  the  man  he  was." 
He  has  lost  ))odily  energy,  mental  capacity,  and  business  aptitude.  He  looks 
ill  and  worn  ;  often  becomes  irritable  and  easily  fatigued.  He  still  l)elieves 
that  he  has  sustained  no  serious  or  permanent  hurt,  and  so  long  as  he  is  at 
rest,  he  will  feel  tolerably  Avell  ;  but  any  attempt  at  ordinary  exertion  of  body 
or  mind  brings  ])ack  all  those  feelings  or  indications  of  nervous  prostration 
and  irritation  chai-acteristic  of  these  injuries  ;  and  to  them  Avill  gradually  be 
superadded  more  serious  symptoms  which  evidently  proceed  from  a  chronic 
disease  of  the  cord  and  its  membranes.  After  a  lapse  of  several  months— from 
three  to  six— the  patient  will  find  that  he  is  slowly  but  steadily  becoming 
,  worse,  and  he  then,  perhaps  for  tlie  first  time,  becomes  aware  of  the  serious 
i  and  deep-seated  iiijtny  that  his  nervous  system  has  sustained. 

The  coanlcnanre  is  usually  pallid,  sometimes  even  livid,  and  has  a  peculiarly 
i  careworn,  cxpressi- mless  look— -the  patient  generally  looking  much  older  than 
he  really  is,  oi-  than  he  did  before  the  accident.    1  have,  howe^-er,  seen  instance* 
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of  flusliing  of  the  fiicc,  appni-cntly  due  to  lesion  of  the  sympatlietic  and  dis- 
turbance of  its  vaso-motor  action . 

In  all  cases  of  concussion  of  the  spinal  cord,  followed  by  secondary  con- 
sequences, it  will  be  found  that  the  brain  participates,  after  a  time,  in  the 
general  disturbance  of  the  nervous  system.  The  Ihoughts  are  confused. 
The  patient  cannot  concentrate  his  ideas  so  as  to  carry  out  a  connected 
line  of  reasoning  ;  he  attempts  to  read,  but  is  obliged  to  lay  aside  the  book  or 
paper  after  a  few  minutes'  attempt  at  perusal.  All  himncss-cqjt  'dude  is  lost ; 
partly  from  impairment  of  memory,  partly  from  confusion  of  thought  and 
inability  to  concentrate  ideas  for  a  sufiicient  length  of  time.  The  /r;«pr 
often  becomes  changed  for  the  worse,  the  patient  being  fretful,  irritable,  and 
in  some  way— difficult  perhaps  to  define,  but  easily  appreciated  by  those  around 
him — altered  in  character. 

The  slerp  is  disturbed,  restless,  and  broken.    The  patient  wakes  up  in 
sudden  alarm  ;  dreams  much  ;  the  dreams  are  distressing  and  horrible. 

The  head  is  usually  of  its  natural  temperature,  but  sometimes  hot.  Tho 
patient  complains  of  various  uneasy  sensations  in  it  ;  of  pain,  tension,  weight, 
or  throbbing  ;  of  giddiness  ;  of  a  confused  or  strained  feeling  in  it :  and  fre- 
quently of  loud  and  incessant  noises,  described  as  roaring,  rushing,  ringing., 
singing,  sawing,  rumbling,  or  thundering.  These  noises  vary  in  intensity  at 
difl^rent  periods  of  the  day  ;  but,  if  once  they  occur,  they  are  never  entirely 
absent,  and  arc  a  source  of  great  distress. 

The  organs  of  special  sense  usually  become  more  or  less  seriously  affected, 
being  sometimes  over-sensitive  and  irritable,  whilst  at  others  their  functions, 
are  impaired  or  perverted.  In  many  cases  we  find  a  combination  of  all  these 
conditions  in  the  same  organ.  Vision  raav  be  affected  in  various  wavs  and 
in  very  different  degrees.  These  affections  of  the  eye  are  so  characteristic  and 
important  that  they  will  be  described  separately  further  on. 

The  hearing  may  be  variously  affected.  Xot  only  does  the  patient  commonly 
complain  of  the  noises  in  the  head  and  ears  that  have  already  been  described^ 
but  the  ears,  like  the  eyes,  may  be  over-sensitive  or  too  dull.  One  ear  is 
frequently  over-sensitive,  whilst  the  other  is  less  acute  than  it  was  before  the 
accident.  Loud  and  sudden  noises  are  peculiarly  distressing  to  these  patients. 
Taste  and  sjuell  are  sometimes,  but  more  rarely,  per^•erted. 

The  sense  of  touch  is  impaired.  The  patient  cannot  pick  up  a  pin,  cannot 
button  his  dress,  cannot  feel  the  difference  between  different  textures,  as  cloth 
and  velvet.  He  loses  the  sense  of  weight,  and  cannot  tell,  for  instance,  whether 
a  sovereign  or  a  shilling  is  balanced  on  his  finger.  Speech  is  rarely  affected. 
The  attitude  is  stiff  and  unbending.  The  patient  holds  himself  very  erect,, 
usually  walks  straight  forwards,  as  if  afraid  or  unable  to  turn  to  either  side. 
The  movenients  of  the  head  or  trunk,  or  both,  do  not  possess  their  natural  free- 
dom. There  may  be  pain  or  difficulty  in  moving  the  head  in  the  antero- 
posterior direction,  or  in  rotating  it ;  or  all  movements  may  be  attended  by  so- 
much  pain  and  difficulty  that  the  patient  is  afraid  to  attempt  them,  and  hence 
keeps  the  head  in  an  attitude  of  immobility.  The  movements  of  the  irxmV 
are  often  equally  restrained,  especially  in  the  lumbar  region.  Flexion  for- 
wards, backwards,  or  sideways,  is  painful,  difficult,  and  may  be  impossible  : 
flexion  backwards  is  usually  most  complained  of.  If  the  patient  be  desired 
to  stoop  and  pick  anything  off  the  ground,  he  will  not  be  able  to  do  so  in 
the  usual  way.  but  bends  down  on  the  knee  and  so  reaches  the  "Tound.  It 
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he  be  laid  liorizontally,  and  told  to  raise  liimself  into  the  sitting-  postui-o, 
Avithout  the  use  of  his  hands,  he  will  be  unable  to  do  it. 

The  slcile  of  the  .spi/ie  will  he  found  to  he  the  real  cause  of  these  symptoms. 
On  examining-  it  by  pressure,  by  percussion,  or  by  the  application  of  the  hot 
sponge,  it  Avill  be  tbuud  that  it  is  painful,  and  that  its  sensibility  is  exalted 
ut  one,  two,  or  three  points.  These  are  usually  the  upper  cervical,  the  middle 
dorsal,  and  the  lumbar  regions.  The  exact  vertebra)  that  are  afiected  vai-y 
necessarily  in  different  cases  ;  but  the  exalted  sensibility  always  includes  two, 
and  usually  three,  at  each  of  these  points.  It  is  in  consequence  of  the  pain 
that  is  occasioned  by  any  movement  o£  the  trunk  in  the  way  of  flexion  or 
rotation,  that  the  spine  loses  its  natural  suppleness,  and  moves  as  a  ^^■hole — 
iis  if  cut  out  of  one  sohd  piece — instead  of  Avith  its  usual  flexibility. 

The  morenu'iiis  of  llir  head  upon  the  iip^wr  rerriail  rrrlehv  are  variously 
ati'ected.  In  some  cases,  the  head  moves  freely  in  all  directions,  without  pain 
or  stiffness.  ]n  other  cases,  the  greatest  agony  is  induced  if  the  Surgeon  take 
the  head  between  his  hands  and  bend  it  forwards  or  rotate  it ;  the  articulations 
between  the  occipital  bone,  the  atlas,  and  the  axis,  being-  evidently  inflamed. 
The  pain  is  usually  con  fined  to  the  \'ertebral  column,  and  does  not  extend 
beyond  the  traiis\'erse  processes,  but,  in  some  instances,  it  extends  widely 
over  the  back  on  both  sides,  and  seems  to  correspond  -vvith  the  distribution 
of  the  posterior  branches  of  the  dorsal  nerves.  In  these  (.'ases,  from  the 
muscnilo-cutaneous  distribution  of  these  nerves,  the  pain  is  suijerficial  and 
outaneous  as  well  as  deeply  seated. 

'J'he  muscles  of  ike  bt(ck  are  usually  unaffected  ;  but  in  some  cases,  where  the 
muscular  branches  of  the  dorsal  nerves  are  affected,  they  may  become  very 
irritable  and  spasmodically  contracted,  so  that  their  outhnes  are  very  distinct. 

The  (jail  of  the  patient  is  characteristic.  He  Avalks  more  or  less  unsteadily, 
generally  uses  a  stick,  or,  if  dejirix  cd  of  that,  is  apt  to  lay  his  hand  on  any 
iu'ticle  of  i'urniture  that  is  near  to  him,  for  the  pur])ose  of  steadying  himself. 
He  keeps  his  feet  somewhat  ajiart,  so  as  to  increase  the  basis  of  support,  and 
conse(ptently  walks  in  a  straddling  manner.  As  one  leg  is  often  weaker  than 
the  other,  he  totters  somewhat,  and  i-aises  the  foot  l>ut  slightly  off  the  ground, 
so  that  the  heel  is  apt  to  touch.  He  seldom  drags  the  toe  ;  btit,  as  he  walks 
flat-footed  as  it  Avere  on  one  side,  the  heel  drags.  This  peculiar  straddling, 
tottering,  unsteady  gait,  with  the  spine  rigid,  the  head  erect,  and  looking 
straight  forwards,  g-i\es  the  patient  the  aspect  of  a  man  who  walks  blind- 
folded. The  patient  cannot  generally  stand  equally  well  on  either  foot.  One 
leg  usually  gives  way  immediately  under  him  if  he  attempt  to  stand  on  it.  He 
often  cannot  raise  himself  on  liis  toes,  or  stand  on  them,  without  innnediately 
tottering  forAvards.  His  power  of  Avalking  is  ahvays  very  limited,  seldom 
exceeding  half  a  mile  or  a  mile  at  the  utmost.  He  cannot  ride,  even  if  much  in 
the  habit  of  doing  so  before  the  accident.  There  is  usually  considerable  difii- 
culty  in  going  u])  and  doAvn  stairs — more  difficulty  in  going  down  than  up. 
The  patient  is  obliged  to  support  himself  by  holding  on  to  the  balusters,  and 
ofDen  brings  both  feet  together  on  the  same  step. 

A  sensa(io?i  as  of  a  cord  tied  mmd  ihc  waist,  with  occasional  spasm  of  the 
diaphragm,  giving  rise  to  a  catch  in  the  breathing,  or  hiccup,  is  sometimes  met 
Avith,  and  is  very  distressing  when  it  does  occur. 

The  nervous  'poivcr  of  the.  limhs  will  be  found  to  be  variously  modified,  and 
will  generally  be  so  to  voi-y  different  degrees  in  the  different  limbs.  Some- 
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times  one  liml)  only  is  aftcctcd ;  in  other  cases  the  arm  and  leg  on  one  side, 
or  both  leo-s  only,  or  the  arm  and  both  legs,  or  all  four  limbs,  arc  the  seat 
of  nneasy  sensations.  There  is  the  greatest  possible  variety  in  these  respects, 
dependent  of  course  entirely  upon  the  degree  and  extent  of  the  lesion  that 
has  been  inflicted  ui)on  or  induced  in  tlie  spinal  cord.  Sensation  or  motion 
may  be  affected  ;  or  l;)oth  may  suffer,  either  alike  or  in  unequal  degrees. 
Sensation  and  motion  may  both  be  seriously  impaired  in  one  liml>,  or  sensa- 
tion in  one  and  motion  in  another.  The  paralysis  is  seldom  complete.  It 
may  become  so  in  the  more  advanced  stages,  after  several  years  ;  but  for  the 
first  year  or  two  it  is  almost  always  partial.  It  is  sometimes  incomi)letely 
recovered  from,  especially  so  far  as  sensation  is  concerned. 

The  loss  of  molor  iMiver  is  especially  marked  in  the  legs,  and  more  often  hi., 
the  extensor  than  in  the  flexor  muscles.  The  extensor  of  the  great  toe  is 
especially  apt  to  suffer.  The  hand  and  arm  are  less  fi-efpiently  the  seat  of 
loss  of  motor  power  than  the  leg  and  foot  ;  but  the  muscles  of  the  ball  of  the 
thumb,  or  the  flexors  of  the  "fingers,  may  be  affected.  The  loss  of  motor 
power  in  the  foot  and  leg  is  best  tested  by  the  application  of  the  galvanic 
current,  so  as  to  compare  the  irritability  of  the  same  muscles  of  the  opposite 
limbs.  The  electric  test  is  not  under  the  influence  of  the  patient's  will ;  and 
a  very  true  estimate  can  thus  be  made  of  the  loss  of  contractility  in  any  given 
set  of  muscles.  The  loss  of  motor  power  in  the  hand  is  best  tested  by  the 
force  of  the  patient's  grasp.  This  may  be  roughly  estimated  by  telling  him  to 
squeeze  the  Surgeon's  fingers,  first  with  one  hand  and  then  with  the  other,  or 
more  accurately  by  means  of  the  dynamometer,  which  shows  on  an  index  the 
precise  amount  of  pressure  exercised  in  grasping.  It  is  in  consequence  of  the 
diminution  of  motor  power  in  the  legs  that  those  peculiarities  of  gait  which 
have  been  above  descril)ed  are  met  with,  and  they  are  most  marked  when  the 
amount  of  loss  is  unequal  in  the  two  limbs. 

Modipccitmi  or  dimimdion  of  sensation  in  the  limbs  is  one  of  the  most 
marked  phenomena  in  these  cases.  In  many  instances  the  sensibility  is  a  good 
deal  augmented,  especially  in  the  earlier  stages.  The  patient  complains  of 
shooting  pains  down  the  limbs,  like  stabs,  darts,  or  electrical  shocks.  The 
surface  of  the  skin  is  sometimes  over-sensitive  in  places  on  the  1)ack  ;  or,  in 
various  parts  of  the  limbs,  hot,  burning  sensations  are  experienced.  After  a 
time  these  sensations  giA'c  place  to  various  others,  which  are  very  differently 
described  by  patients.  Tingling,  a  feehng  of  "  pins  and  needles,"  a  hea\'y 
sensation,  as  if  the  hmb  were  asleep,  creeping  sensations  down  the  back  and 
along  the  nerves,  and  formication,  are  all  commonly  complained  of.  These 
sensations  are  often  confined  to  one  nerve  in  a  limb,  as  the  ulnar  or  the 
rausculo-spiral.  Numbness,  more  or  less  complete,  may  exist  independently  of, 
or  be  associated  with,  all  these  various  modifications  of  sensation.  It  may  be 
confined  to  a  part  of  a  limb,  may  influence  the  Avhole  of  it,  or  may  extend  to 
several  limbs.  Its  degree  and  extent  are  best  tested  by  BroAvn-Sequard's 
ajsthesiometer. 

In  determining  the  condition  of  the  spinal  cord,  special  attention  must  be 
paid  to  the  tendon  reflexes,  and  to  the  electric  irritahiliti/  of  particular  groups  of 
muscles.  It  would  be  altogether  foreign  to  the  scope  of  this  work  to  describe 
the  significance  of  the  various  phenomena  presented  by  these  several  means  of 
diagnosis.  But  it  may  be  stated  generally  that  in  sub-inflammatory  and  in- 
flanmiatory  conditions  the  reflex  manifestations  are  more  active  "^and  the 
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electric  irritability  of  muscles  more  intense  than  natural ;  whilst  when  the 
lesion  of  the  cord  has  advanced  to  disintegration  of  its  substance  they  are  pro- 
portionately diminished  or  lost.  But  in  practice  these  two  conditious  of  in- 
flammation and  of  disorg-anization  arc  so  frequently  combined  in  \arying 
degrees  that  proportionate  modifications  of  reflex  and  electric  phenomena 
occur.  And  it  is  in  determining  the  value  and  true  significance  of  these  that 
the  diagnostic  skill  of  the  physician  is  shown. 

Coldness  of  one  of  the  extremities,  dependent  upon  loss  of  nervous  power  antl 
defective  nutrition,  is  often  perceptible  to  the  touch,  aud  may  be  determined- 
by  the  thermometer  ;  but  in  many  cases  the  sensation  of  coldness  is  far  greater 
to  the  patient  than  it  is  to  the  Surgeon's  hand,  and  not  unfrequently  no  appre- 
ciable difference  in  the  temperature  of  two  limbs  can  be  determined  by  the 
most  delicate  clinical  thermometer,  although  the  patient  experiences  a  very 
distinct  and  distressing  sense  of  coldness  in  one  limb. 

The  condition  of  the  limbs  as  to  size,  and  the  state  of  their  muscles,  will  var}' 
gi'eatly.  In  some  cases  of  complete  paraplegia,  which  has  lasted  for  years,  it 
has  been  remarked  that  no  diminution  whatever  has  taken  place  in  the  size  of 
the  limbs.  It  is  evident,  therefore,  that  loss  of  size  in  a  limb  that  is  more  or 
less  completely  paralysed  is  not  the  simple  consequence  of  the  disuse  of  the 
muscles  ;  or  it  would  alwiivs  occur.  But  it  must  arise  fi'om  some  modification 
of  innervation,  influencing  the  nutrition  of  the  limb,  independently  of  the  loss 
of  its  muscular  activity.  In  most  cases,  however,  where  the  paralytic  condi- 
tion has  been  of  some  duration,  the  limb,  on  accurate  measurement,  Avill  be 
found  to  be  somewhat  smaller  in  circumference  than  its  fellow  on  the  opposite 
side.  Most  commonly  when  a  limb  dwindles  the  muscles  become  soft,  and  the 
intermuscular  spaces  more  distinct.  Occasionally,  in  advanced  Cases,  some 
contraction  and  rigidity  in  particular  muscles  set  in.  Thus  the  flexors  of  the- 
little  and  ring  fingers,  the  extensors  of  the  great  toe,  the  deltoid  or  the  muscles 
of  the  calf,  may  all  become  more  or  less  rigid  and  contracted. 

The  hoihj  itself  generally  loses  weight ;  and  a  loss  of  weight,  when  the 
patient  is  rendered  inactive  by  a  semi-paralysed  state,  and  takes  a  fair  quantity 
of  good  food,  which  he  digests  sufficiently  well,  may  usually  be  taken  to  be 
indicative  of  progressive  disease  in  the  nervous  system.  AVhen  the  progress 
of  the  disease  has  been  an-ested,  though  the  patient  may  be  permanently 
paralysed,  a  considerable  increase  of  size  and  Aveight  often  takes  place.  This 
is  a  phenomenon  of  common  occuiTcnce  in  ordinary  cases  of  paralysis  froni 
disease  of  the  brain. 

.  The  condition  of  the  (jmito-imnary  organs  is  seldom  inuch  deranged  in  the 
cases  under  consideration.  Sometimes  there  is  suppression  of  urine  more  or 
less  complete  for  two  or  three  days  ;  retention  very  rarely  occurs.  Sometimes 
in-itability  of  the  bladder  is  a  prominent  symptom.  The  urine  generally 
retains  its  acidity,  sometimes  markedly,  at  others  but  very  slightly.  As  there 
is  no  retention,  it  does  not  become  alkaline,  ammoniacal,  or  otherwise 
oflensivc.  The  sexual  desire  and  power  are  usually  greatly  impaired,  and 
often  entirely  lost  ;  not  invariably  so,  however.  I  have  never  heard  priapism 
complained  of. 

The  contractility  of  the  sphincter  ani  has  not,  in  any  case  which  I  have 
observed,  been  so  fiir  impaired  as  to  lead  to  involuntary  escape  of  flatus  or  of 
faeces. 

The  heart  will  often  continue  to  beat  in  a  violent  or  tumultuous  manner  for 
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many  months  after  the  receipt  of  a  spinal  concussion  or  severe  nervous  shock, 
the  pulse  however  being  ifeeble.  This  disproportion  between  the  force  of  the 
lieart's  action  and  that  of  the  ])ulse  is  very  mai-ked  in  many  of  these  cases,  and 
is  an  additiojial  proof  if  any  were  needed  of  the  important  part  played  by  the 
sympathetic  in  these  cases. 

The  Progressive  Development  of  the  various  symptoms  that  have  just 
been  detailed  extends  usually  over  a  lengthened  period.  In  the  early  stages,  the 
chief  complaint  is  a  sensation  of  lassitude,  weariness,  and  inability  for  mental 
und  physical  exertion.  Then  come  the  pains,  tinghngs,  and  numbness  of  the 
limbs  ;  next  the  fixed  pain  and  rigidity  of  the  spine  ;  then  the  mental  con- 
fusion and  signs  of  cerebral  disturbance,  and  the  affection  of  the  organs  of 
sense ;  the  loss  of  motor  power,  and  the  peculiarity  of  gait.  It  is  by  this 
€hain  of  symptoms,  Avhich,  though  fluc;tuating  in  intensity,  is  yet  continuous 
and  unbroken,  that  the  injury  sustained,  and  the  illness  subsequently  developed, 
■can  be  linked  tot>-cthcr  in  tlie  relation  of  cause  and  eflfcct. 

Impairment  of  Vision  from  Spinal  Injury.* — One  of  the  most  frequent 
and  most  troublesome  eflects  of  spinal  injury  is  a  certain  degree  of  impairment 
of  vision,  which  assumes  different  characters,  and  comes  on  at  very  varying 
periods  after  the  injury.    Often  a  considerable  interval  intervenes  between  the 
<jccurrence  of  the  injury  and  the  development  of  the  eye -symptoms  ;  and,  if  the 
patient  be  confined  to  bed,  and  be  not  called  upon  to  use  his  eyes,  it  may  be 
long  before  he  discovers  that  their  sight  is  enfeebled.    This  is  more  especially 
apt  to  be  the  case,  as  the  attention  of  the  Surgeon  may  not  be  directed  to  the 
state  of  the  eyes  in  the  first  instance.    The  first  and  most  frequent  symptom 
that  is  complained  of  is  a  dimness  or  weakness  of  the  sight,  so  that  the  patient 
cannot  define  the  outlines  of  small  objects,  and  cannot  see  in  an  obscure  light. 
If  he  attempt  to  read,  he  can  define  the  letters  often  of  the  smallest  print 
for  a  few  seconds  or  minutes,  but  they  soon  run  into  one  another,  become 
<jbscured  and  blurred,  and  ill-defined.    Glasses  do  not  materially,  if  at  all,  im- 
prove this  condition.    There  is  often  in  the  early  stages  some  slight  irregu- 
larity in  the  axis  of  the  eyes,  scarcely  amounting,  however,  to  a  squint.  This 
l)lurring,  or  indistinctness  of  vision,  is  often  more  marked  Avith  respect  to  near 
than  to  distant  objects.    After  a  time  the  patient  usually  suffers  from  irritabi- 
lity of  the  eyes,  and  cannot  bear  a  strong  light,  e\"en  that  of  an  ordinary 
window,  in  the  daytime,  or  unshaded  gas  or  lamplight.    ]n  consequence  of 
this  irrital)ility  of  the  eyes,  the  brows  become  involuntarily  contracted,  and 
the  i)atient  acquires  a  peculiar  frown  so  as  to  exclude  light  as  much  a> 
possible.    This  intolerance  of  light  may  amount  to  perfect  photophobia, 
and  is  then  associated  with  congestion  of  the  conjuncti\a  and  accompanied 
by  lachrymation.    One  or  both  eyes  may  be  thus  affected.    This  intoleranc  i 
of  light  is  usually  accompanied  by  muscaj  volitantes  and  spectra,  rings, 
stars,  spots,  flashes,  and  sparks,  or  an  appearance  of  wdiite-coloured  flame. 
The  appearance  of  a  fixed  luminous  spectrum,  a  line,  circle,  or  coloured 
1)ar  across  the  field  of  vision,  is  sometimes  complained  of.    There  is  an 
undue  retention  of  the  image  in  many  cases  ;  and  where  the  patient  has 
looked  at  any  fixed  object,  such  as  the  sun  or  the  fire,  complementary  spectral 
colours,  often  of  the  most  beautiful  character,  of  varying  degrees  of  intensity, 

"  Vol'  ii,  fuller  consideration  of  the  sub.joct  of  lufixiirment  nf  Vision  as  a  Cunsequenc.  of  Injuria  of  thi" 
As/  roiix  SiisUnn,  1  would  mfev  the  n'jider  to  Lecture  10,  "  Concussion  of  tlie  Siiine."  bv  the  Author. 
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will  develop  themselves  in  succession.  The  patient  is  in  some  cases  con- 
scious of  the  circulation  in  his  own  eye,  which  becomes  distinctly  visible  io 
him,  even  in  its  pulsatory  character. 

From  tliis  description  of  the  symptoms  of  the  impairment  tif  vision  that 
follows  s])inal  injury,  it  would  appear  that  it  is  of  five  distinct  kinds,  which 
may,  however,  be  associated  :  1 .  Asthenopia,  or  simple  weakness  of  sight : 
•1.  Amblyopia,  a  paresis  of  the  optic  nerve  or  retina ;  3.  Loss  or  failure  of  the 
power  of  acconnnodation ;  4.  Irritability  of  the  eye  and  photopsia  from  hypertemia 
or  inflammatiiin  of  the  optic  ner\  e  and  retina,  which  may  lead  to,  r>.  Atrophy 
of  the  oi)tic  nerve. 

The  objective  phenomena  presented  by  the  eye,  and  the  ophthalmoscopic 


appearances  seen  iji  the  interior  oi'  the  globe  in  these  cases,  liaN  C  been  carefully 
studied  l)y  AVhartou  Jones  and  Allbutt.  Jones,  in  his  able  work  "  On  Failure 
of  Sight  after  Railway  and  other  Injuries,"  states  that  tlie  eyelids  arc  usually 
half  closed  ;  the  eyes  sunken  and  watery  ;  the  veins  of  the  eyeball  congested. 
The  movements  of  the  pupils  are  sometimes  normal :  sometimes  more  sluggish, 
sometimes  more  acti\  e  than  usual.  This  will  necessarily  depend  upon  whether 
the  eye  be  affected  by  simple  asthenopia,  or  whether  there  be  some  liypcroBmic 
or  inflammatory  state  developed  in  its  intcrioi-. 

The  ophthalmoscopic  appearances  vary  greatly.  In  some  cases,  as  AVharton 
Jones  ol)ser\-es,  the  morbid  state  on  which  the  failure  of  sight  and  other  sub- 
jective sym])toms  depend,  may  be  at  first  confined  to  some  central  portion  of 
the  optic  nervous  apparatus,  and  no  ophthalmoscopic  evidence  of  implication 
of  the  retina  or  optic  disc  may  present  itself  till  a  more  advanced  stage  of  the 
case.  Sooner  or  later,  how^evcr,  whether  as  the  result  of  primary  changes  in 
the  fundus,  or  more  slowly  fi-om  the  effect  of  a  slowly  progressi^-c  inflannna- 
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tory  aftection  propa.n-atcd  ii'oiu  the  iutracraiiiiil  portion  of  the  nervous  ap])a- 
ratus  towards  its  periphery,  and  thus  iuduciug-  morbid  changes  in  the  optic 
nerve  and  its  disc,  we  find  tliat  the  oplithalmoscope  reveals  changes  in  the 
fundus  of  the  eye.  "  The  disc,''  says  AVliarton  Jones,  "is  seen  to  be  whitish 
and  somewhat  congested  ;  the  retinal  veins  are  large,  though  the  fundus 
usually  presents  an  ana?mi(;  aspect,  with  perhaps  some  pigmcntous  degenera- 
tion of  the  retina  round  the  disc." 

One  or  other  of  these  conditions  occurs  in  the  majority  of  cases  of  spinal 
injury.  Allbutt  says :  "  It  is  tolerably  certain  that  disturbance  of  the  optic 
disc  and  its  neighbourhood  is  seen  to  follow  disturbance  of  the  spine,  with 
sufficient  frequency  and  uniformity  to  establish  the  probal)ility  of  a  causal 
relation  between  the  two  events."  He  goes  on  to  say  that  in  lo  cases  of 
chronic  spinal  disease  following  accident,  he  found  8  cases  of  sympathetic 
disorder  of  the  eye.  My  experience  fully  accords  with  that  of  AlDjutt.  I 
find  that  of  GO  cases  of  obscure  spinal  injury,  without  fracture  or  dislocation, 
that  I  have  consecutively  examined,  there  was  impairment  of  v  ision  in  \'l 
in.stances. 

Allbutt  makes  the  interesting  rcnuirk,  which  will  ]je  supported  by  the 
experience  of  all  Surgeons,  that,  in  the  se\erer  forms  of  spinal  injury,  those 
that  prove  fatal  in  a  few  weeks,  evidences  of  eye-disease  are  not  met  with.  Of 
17  such  cases  he  found  no  evidence  of  eye-disease  in  any  one  instance.  This 
observation  aflPords  a  most  complete  ansAver  to  an  objection  that  has  often  been 
urged,  that  as  sympathetic  affection  of  the  eye  is  rarely  met  with  in  severe 
injuries  of  the  spine,  such  as  fractures  and  displacement  of  the  vertebra3  with 
traumatic  lesion  of  the  cord,  its  occurrence  in  the  less  immediately  scA'ere  and 
more  obscure  forms  of  injury  can  scarcely  be  looked  upon  as  the  direct  result 
of  the  spinal  miscliief.  It  would  appear,  howcAer,  from  the  observations  of 
Allbutt,  which  I  can  entirely  confirm,  that  it  is  in  these  xQvy  cases  that  it  is  met 
^nth.  That  a  certain  portion  of  the  spinal  cord  exercises  a  direct  influence  on  the 
eyes,  has  been  incontestably  established  by  the  experiments  of  modern  physio- 
logists. Budge  and  Waller,  in  1851,  demonstrated  that  the  filaments  of  the 
sympathetic  that  supply  the  eye  take  their  origin  from  that  part  of  the  spinal 
cord  which  is  contiguous  to  the  origin  of  the  first  pair  of  dorsal  nerves  ;  and 
that  the  portion  of  the  spinal  axis  ^^•hich  extends  from  the  fifth  cervical  to  the 
sixth  dorsal  vertebra,  and,  according  to  Brown-Sequard.  as  far  as  the  twelfth 
dorsal,  possesses  a  distinct  influence  on  the  organs  of  vision.  Hence  by  these 
physiologists  it  has  been  termed  the  ''cilio-spinal,"  and  by  Claude  Bernard  the 
"  oculo-spinal  "  axis.  It  has  been  determined  as  the  result  of  numerous  experi- 
ments, that  partial  division  of  this  cilio-spinal  axis  exercises  \-arious  disturb- 
ing influences  on  the  size  of  the  pupils,  ou  the  fulness  of  the  vessels  of  the 
conjunctiva,  and  probably  of  the  deeper  ocular  tissues,  and  on  the  state  of  the 
blood-vessels  of  the  ear,  exactly  similar  to  those  that  are  occasioned  by 
section  of  the  cervical  sympathetic.    The  conclusion  that  must  necessarily  bo 

deduced  from  these  ol)servations  is,  that  this  portion  of  the  spinal  cord  the 

omlo-sphiai  axis — includes  within  itself  both  vaso-motor  and  oculo-pupillary 
filaments  which  are  connected  with  the  cervical  portion  of  the  sympathetic. 
Claude  Bernard  has  pointed  out  clearly  the  fact  that  the  vaso-motor  and 
the  oculo-pupillary  nerves  possess  different  reflex  actions.  By  dividing  the 
first  two  dorso-spinal  roots,  he  finds  that  the  oculo-pupillar  phenomena  are 
produced  without  occasioning  the  vaso-motor  effects  of  vascular  injection  and 
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increase  of  tempeniture  ;  whereas,  by  dividing  the  ascendino-  sympathetic 
tilament  between  the  second  and  third  ribs,  the  vaso-motor  phenomena  arc 
developed  in  the  head  withont  any  influence  being  excited  on  the  eye  through 
the  medinm  of  the  oculo-pnpillary  filaments.  He  sums  up  his  observations  as 
follows.  "  Tlie  vavso-motor  and  the  oculo-pnpillary  nerves  do  not  act  in  the 
same  way.  Thus  a  slight  irritation  of  the  anricidar  nerve  occasions  only  vas- 
cnlar  dilatation  on  the  corresponding  side ;  whilst  the  same  irritation  produces 
reflex  movements  in  both  eyes  at  the  same  time.  The  reflex  vascular  actions 
do  not  appear  to  be  capable  of  being  prodnced  on  the  opposite  side  to  that 
which  is  irritated  (dime  maniere  croisee)  ;  and,  besides  this,  they  are  limited 
and  do  not  extend  beyond  a  certain  determined  line  of"  circumscription.  All 
this  is  in  striking  contrast  with  the  oculo-pnpillar  actions,  which  are  on  th& 
contrary  general  and  crossed." 

Clinical  observations  support  the  result  of  physiological  experiment  as  to 
the  connection  that  exists  between  the  oculo-spinal  axis  of  the  cord  and  the 
integrity  of  vision.  The  records  of  surgery  contain  nnmerons  illustrations  of 
the  injurious  inflnence  on  the  sight  of  blows  inflicted  on  the  lower  cervical 
and  upper  dorsal  spine.  Allbntt  remarks,  that  those  injuries  and  concussions 
of  the  spine  that  occur  high  up  are  more  injurions  to  vision  than  such  as  are 
inflicted  on  the  lower  portion  of  the  vertebral  column. 

To  what  is  this  imi^airment  of  vision  due  ?  Allbutt,  wlio  has  studied  the 
subject  with  much  care,  gives  his  opinion,  in  which  I  fully  coincide,  so  clearly, 
that  T  cannot  do  better  than  quote  his  own  words.  "In  defaidt  of  a  series 
of  autopsies,  we  seem  to  be  led  towards  the  conjecture  that  hypera?mia  of  the 
back  of  the  eye,  following  injury  to  the  spine,  is  probably  dependent  upon  ai 
greater  or  less  extension  of  the  meningeal  irritation  up  to  the  base  of  the  brain. 
Now,  have  wc  any  reason  to  suppose  that  spinal  meningitis  does  creep  up 
into  the  encephalou  ?  ^^'c  have :  for,  setting  aside  the  curious  head-symptoms 
such  patients  often  present,  here  the  actual  demonstration  of  autopsy  comes 
to  aid  us.  It  is  toleral)ly  well  known  to  careful  pathologists  that  encephalic 
meningitis  is  a  very  common  accompaniment  of  spinal  meningitis.  It  is 
scarcely  needful  to  point  out  that,  if  this  explanation  of  an  ascending  menin- 
gitis be  the  correct  one,  it  accords  with  my  observation,  stated  above,  that,  in 
general,  the  higher  the  injury  to  the  spine,  the  sooner  the  affection  of  the  eye." 

PATHOLOr'iCAL  CoNDiTiOXS. — Two  distiuct  fomis  of  chronic  and  subacute 
inflammation  may  affect  the  contents  of  the  spinal  canal,  as  the  results  of  injury 
or  of  disease  ;  viz.,  Inflammation  of  the  Membranes,  and  Inflanunation  of  the 
Cord  itself. 

In  Spinal  Meningitis,  the  usual  signs  of  inflammatory  action  in  the  form  of 
increased  vascularity  of  the  membranes  are  met  with.  The  meningo-rachidian 
veins  are  turgid  with  blood,  and  the  vessels  of  the  pia  mater  are  much  injected, 
sometimes  in  patches,  at  other  times  uniformly.  Serous  fluid,  reddened  and 
clear,  or  opaque  from  the  admixture  of  lymph,  may  be  found  largely  effused  in 
the  cavity  of  the  arachnoid.  In  distinguishing  the  various  pathological  appear- 
ances presented  by  fatal  cases  of  chronic  spinal  meningitis,  Ollivier  makes  the 
very  important  remark  that  spinal  meningitis  rarely  exists  without  tliere  being 
at  the  same  time  a  more  or  less  extensi^-e  inflammation  of  the  cerebral  men- 
inges ;  and  hence,  he  says,  arises  the  difficulty  of  determining  with  preci- 
sion the  symptoms  that  arc  special  to  inflanmiation  of  the  membranes  of  the 
spinal  cord. 
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When  Myelitis  occurs,  the  inflammation  attacking  the  substance  of  the 
cord  itself,  the  most  usual  pathological  condition  met  \Yith  is  softening,  with 
more  or  less  disorganisation.  This  softening  of  the  cord,  as  a  consequence  of 
inflammutioii,  may  occupy  \c\j  varying  extents.  Sometimes  the  whole  thick- 
ness of  the  cord  is  aifected  at  one  point,  sometimes  one  of  the  lateral  halves  in 
n  -s-ertical  direction  ;  at  other  times  the  disease  is  most  marked  in  or  wholly 
confined  to  its  antei'ior  or  its  posterior  aspect ;  (jr  the  grey  central  portion  may 
he  more  affected  than  the  (drcumferential  part.  Again,  these  changes  of  struc- 
ture may  he  limited  to  one  ]iart  only,  to  the  cervical,  the  dorsal,  or  the  lumbar. 
It  is  very  rarely  indeed  that  the  whole  length  of  the  cord  is  aflected.  The  most 
eommon  seat  of  inflammatory  softening  is  the  lumbar  I'egion  ;  next  in  order 
of  frequency  is  the  cervical.  In  very  chronic  cases  of  myelitis,  the  whole  of  the 
ner\  ous  substance  disappears,  and  iiothing  hwi  connective  tissue  is  left  at  the 
part  affected.  Ollivier  observes  that,  when  myelitis  is  consecutive  to  menin- 
gitis of  tlie  coi'd,  the  inflammatory  softening  maybe  confined  to  the  white 
substance. 

Though  softening  is  the  ordinary  change  that  takes  place  in  a  cord  that  has 
been  the  seat  of  chronic  inflammation,  sometimes  the  nervous  substance  becomes 
increased  in  bulk,  jnore  solid  than  natural,  and  of  a  dull  white  colour,  like 
boiled  white  of  egg.  This  induration  may  co-exist  with  spinal  meningitis,  with 
congestion,  and  increased  vascularization  of  the  memljranes. 

It  is  important  to  observe  that,  although  spinal  meningitis  and  myelitis  arc 
occasionally  met  with  distinct  and  separate,  yet  they  most  frequently  co-exist. 
When  existing  together,  and  even  arising  fi'om  the  same  cause,  they  may  be 
■associated  in  very  varying  degrees.  In  some  cases  the  sym]^toms  of  meningitis, 
in  others  those  of  myelitis,  are  most  marked  ;  and,  after  death,  corresponding 
characteristic  ap])earances  are  found. 

Diagnosis. — There  are  four  morbid  states,  with  one  or  other  of  which  the 
symptoms  of  spinal  concussion,  which  have  been  just  described,  have  sometunes 
been  coirfounded,  and  from  which  it  is  necessary  to  diagnose  it.  These  are, 
J.  The  Secondary  Consequences  of  Cerebral  Concussion;  "l.  Rheumatism; 
i).  Hysteria  ;  and  -I .  Syphiloma  of  the  Cord. 

1.  From  the  secondary  effects  of  cerebral  concussion  it  is  not  difficult 
to  diagnose  the  consequences  of  concussion  of  the  spinal  cord,  in  those  cases 
in  which  the  mischief  is  limited  to  the  vertebral  column.  The  tenderness  and 
rigidity  of  the  spine,  the  pain  on  pressing  upon  or  on  moving  it  in  any 
direction,  and  the  absence  of  any  distinct  lesion  about  the  head,  will  sufficiently 
mark  the  precise  situation  of  the  injury. 

The  two  conditions  of  cerebral  and  spinal  concussion  often  co-exist  primarily. 
The  shock  that  jars  injuriously  one  portion  of  the  nervous  system,  very  com- 
monly produces  a  corresponding  effect  on  the  whole  of  it,  on  the  brain  as  well 
as  on  the  cord  ;  and  the  secondary  inflammations  of  the  spine,  which  follow 
the  concussion,  even  when  that  is  primarily  limited  to  the  vertebral  column 
and  its  contents,  have  a  tendency  to  extend  along  the  continuous  fibrous  and 
serous  membranes  to  the  interior  of  the  cranium,  and  thus  to  give  rise  to  symp- 
toms of  cerebral  irritation. 

2.  From  rheumatism  the  diagnosis  may  not  always  be  easy,  especially  in 
the  earlier  stages  of  the  disease,  when  the  concussion  of  the  spine  and  the 
consecutive  meningitis  ha^'e  developed  pain  along  the  course  of  the  nerves,  and 
increased  cutaneous  sensibility  at  points.   By  attention,  however,  to  the  history 
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of  the  case,  the  graduully  progressi\  c  character  of  the  symptoms  of  spinal 
concussion,  the  absence  of  all  fixed  pain  except  at  one  or  more  points  in  the 
hack,  the  cerebral  complications,  the  gi-adual  occurrence  of  loss  of  sensibility, 
of  tinglings  and  formications,  the  slow  supervention  of  impairment  or  loss  of 
motor  power  in  certain  sets  of  muscles  (symptoms  that  do  not  occur  in  rheuma- 
tism), the  diagnosis  will  be  rendered  comparatively  easy  ;  tlie  more  so,  when 
wc  obsei-ve  that  in  spinal  concussion  there  is  iieA'cr  any  concomitant  articular 
inflammation,  and  that,  although  the  urine  may  con'timie  acid,  it  does  not 
usually  show  a  superabundance  of  lithates. 

3.  Hysteria  is  the  disease  for  which  I  have  more  frequently  seen  concussion 
of  the  spine,  followed  by  meniugo-myelitis,  mistaken  ;  and  it  lias  always 
appeared  extraordinary  to  me  that  so  great  an  en-or  of  diagnosis  could  easily  be 
made.  Hysteria,  wlietliev  in  its  emotional  or  its  local  form,  is  a  disease  of 
women  rather  than  of  men,  of  the  young  rather  than  of  the  middle-aged  and 
old,  of  people  of  an  excitable,  imaginative,  or  emotional  disposition  rather  than 
of  hard-headed,  active,  practical  men  of  business.  It  is  a  disease  that  runs  no 
definite  or  progessive  course,  that  assumes  no  permanence  of  action,  that  is 
ever  varying  in  the  intensity,  in  the  degree,  and  in  the  nature  of  its  symptoms  ; 
that  is  marked  by  excessive  and  violent  outbreaks  of  an  emotional  character,  or 
by  severe  exacerbations  of  its  local  symptoms ;  but  that  is  criually  characterized 
by  long-continued  and  complete  intermissions  of  its  various  pheiiomena.  This 
in  no  way  resembles  what  we  see  in  concussion  of  the  spinal  cord,  or  in  the 
consecutive  meningo-myelitis  :  and  it  seems  to  me  quite  unreasonable  to  call 
a  case  one  of  hysteria  in  which  a  man  active  in  mind,  accustomed  to  self-control, 
devoted  to  business,  suddenly,  and  for  the  first  time  in  his  life,  after  the 
infliction  of  a  severe  shock,  finds  himself  affected  by  a  train  of  symptoms  indi- 
cative of  serious  and  deep-seated  injury  to  the  nervous  system.  In  reality,, 
there  can  be  but  little  difficulty  in  establishing  the  diagnosis  between  chronic 
meningo-myelitis  and  hysteria.  The  persistence  of  the  symptoms,  their  slow 
development,  their  progressive  increase  in  severity,  notwithstanding  occasional 
fluctuations  and  intennissions  in  intensity,  the  invariable  presence  of  more  or 
less  paralysis  of  sensation,  or  of  motion,  or  both,  will  easily  enable  the 
Surgeon  to  judge  of  the  true  nature  of  the  case.  That  mental  emotion  is 
occasionaUy  manifested  by  an  unfortunate  individual  who  has  been  seriously 
injured  by  an  accident  which  tends  to  shake  his  whole  nervous  system,  can 
scarcely  be  matter  of  surprise  ;  but  the  term  "  hysteria,"  elastic  as  it  is,  cannot, 
it  appears  to  me,  be  strained  so  far  as  to  include  this  condition  ;  and  even  if 
it  be  considered  applicable  to  the  patient's  mental  state,  it  can  in  no  way  be 
looked  upon  as  the  cause  of  those  bodily  sufferings  and  disidiilitics  which 
constitute  the  most  important  and  serious  pai't  of  the  disease. 

4.  S3rphiloma  of  the  Cord  and  its  Membranes  is  a  condition  that 
may  be  confounded  with  the  effects  of  concussion,  and  when  it  already 
exists  its  symptoms  may  be  greatly  aggravated,  or  the  disease  called  into 
activity  by  the  injuiy.  In  these  cases  the  antecedent  history,  and  the  con- 
comitant evidence  of  constitutional  syphilis  in  one  of  its  minor  forms 
perhaps  will  determine  the  diagnosis. 

Prognosis. — The  prognosis  of  concussion  of  the  spinal  (X)rd  and  that  of  the 
consecutive  meningo-myelitis  is  a  question  of  extreme  interest  in  a  medico- 
legal point  of  view,  and  is  often  involved  in  much  difficulty. 

The  prognosis  requires  to  be  made  with  regard,  first  to  the  life,  and  secondly 


782 


INJURIES  OF  THE  SPINE. 


to  the  liealth  of  ilie  pufcicnt.    80  j'ar  as  life  is  concerned,  it  is  only  iu  cases  of 
■severe  and  direct  blows  upon  the  spine,  causing  intraspinal  ha3niorrhage  to  a 
considerable  extent  or  rupture  of  the  cord     its  membranes  that  a  speedily 
fatal  termination  may  be  feared. 

In  some  cases  of  concussion  of  the  spine,  followed  by  chronic  inflammation 
•of  the  membranes  and  ol'  the  cord  itself,  death  may  supervene  after  several, 
]jei'haps  three  or  four,  years  of  increasingly  progressive  breaking-down  of  the 
.general  health,  and  slow  extension  of  ihe  paralytic  symptoms.  I  have  heard 
of  several  iustances  in  which  concussion  of  the  spine  has  thus  pro^'ed  fatal 
■some  years  after  the  occuiTencc  of  the  accident.  I  have  ne\"er  known  a  patient 
recover  who  has  been  attacked  by  convulsions,  progressive  paralysis  developing 
itself,  and  the  case  ultimately  proving  fatal.  Gore,  of  Bath,  informs  me  that 
he  is  acquainted  with  two  cases  which  proved  fatal  at  long  periods  of  time 
:after  the  accident,  in  both  of  which  this  symptom  ^v■as  jiresent.  Concussion 
'Of  the  spine  may  prove  fatal :  first,  at  an  early  period  from  the  scA'erity  of  the 
■direct  injury  :  secondly,  at  a  more  reuKjte  date  from  inflannnation  of  the  cord 
and  its  membranes  ;  and,  thirdly,  after  a  lapse  of  several  years,  from  slo^v  and 
progressive  development  of  structural  changes  in  the  cord  and  its  membranes. 

If  death  do  not  occur,  is  recovery  certain  ?  Is  there  no  intermediate  state 
between  a  fatal  result,  proximate  or  remote,  and  absoluLe  and  complete 
recovery  ?  In  considering  the  (juestion  of  recovery  after  concussion  of  the 
■spine,  we  have  to  look  to  two  points :  first,  recovery  from  the  primary  and 
direct  effects  of  the  injury  ;  and,  secondly,  recovery  from  tlie  secondary  and 
remote  consequences.  There  can  be  no  doubt  that  recovery,  entire  and  com- 
plete, may  occur  in  a  case  of  concussion  of  the  spine,  when  the  symptoms 
•have  not  gone  beyond  the  primary  stage,  when  no  inflammatiun  of  the  cord 
or  its  membranes  has  been  developed,  and  more  particularly  when  the  patient 
is  young  and  healthy.  This  last  condition  indeed  is  most  important.  A  healthy 
young  Juan  is  not  only  less  likely  to  suffer  from  a  severe  shock  to  the  system 
from  a  fall  or  railway-injury  than  one  more  advanced  hi  life  :  but,  if  he  do 
suffer,  his  chance  of  ultimate  recovery  will  be  greater,  provided  always  that 
no  secondary  structural  lesions  have  develo])ed.  I  believ  e  that  such  recovery 
is  more  likely  to  ensue  if  the  primary  and  direct  symptoms  have  been  se\-ere, 
and  have  at  or  almost  immediately  after  the  occurrence  of  the  accident 
attained  to  their  liill  intensity.  In  these  cases,  under  proper  treatment, 
the  severity  of  the  symptoms  gradually  subsides,  and,  week  by  week,  the 
patient  feels  himself  stronger  and  better,  until,  usually  in  from  "three  to  six 
months  at  the  utmost,  all  traces  of  the  injury  have  disappeared. 

Incomplete  or  partial  recovery  is  not  unfrequent  in  cases  of  severe  and  direct 
injury  to  the  spine.  The  patient  slowly  recovers  up  to  a  certain  point  and  then 
remains  stationary,  with  some  impairment  of  innerA  ation  in  the  sliape  of  partial 
paralysis  of  sensation  or  of  motion,  or  both  ;  and  usually  in  the  lower  limbs.  The 
intellectual  faculties  or  the  organs  of  sense  are  more  or  less  distui'bed,  weakened, 
■or  irritated,  the  constitution  is  shattered,  and  the  patient  ]u-esents  a  prema- 
turely worn  and  aged  look.  In  such  cases  structural  lesion  (jf  some  kind  in 
the  membranes,  if  not  in  the  cord,  has  taken  place,  which  necessarily  must 
prevent  complete  recovery. 

When,  therefore,  we  find  a  patient  who,  after  the  recei])t  of  a  severe  injury 
of  the  spine  ]jy  which  tlie  cord  has  been  concussed,  presents  the  primary  and 
immediate  symptoms  of  that  condition,  we  may  entertain  a  favom-able  opinion 
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of  his  future  couJition,  pros  ided  iliere  be  a  progressive  iunelioratiou  of  his 
symptoms,  aud  no  evidence  of  the  development  of  any  intianimation,  acute  or 
chronic,  of  the  membranes  of  the  cord.  But  our  opinion  as  to  his  ultimate 
recovery  nnist  necessarily  be  very  unfavourable  if  the  jirogress  of  amendment 
•cease  after  some  ^veeks  or  months,  leax  ing-  a  state  of  impaired  inner\-ation  ;  the 
more  so  if,  subsequently  to  the  primary  and  immediate  effect  of  the  injury, 
symptoms  of  meningomyelitis  have  declared  tliemselves.  In  such  circum- 
stances partial  restoration  to  health  may  be  looked  for,  but  complete  recovery 
is  scarcely  possible. 

When  a  person  has  received  a  concussion  of  the  spinal  cord  from  a  jar  or 
shake  of  the  body,  without  any  direct  blow  on  the  back,  or  perhaps  on  any 
■other  part  of  the  body,  and  the  symptoms  have  progressively  developed  them- 
selves, the  prognosis  will  always  be  very  unfavourable  ;  for  this  reason,  that,  as 
the  injury  is  not  sufficient  of  itself  to  produce  a  direct  and  immediate  lesion 
of  the  cord,  any  symptoms  that  subsequently  appear  nmst  be  the  result  of 
structural  changes  in  it  consequent  on  its  inflammation  :  and  these  secondary 
structui'al  changes,  being  incm-able,  nmst  to  a  greater  or  less  degree,  but  per- 
manently, injuriously  influence  its  action.  For  the  same  reason,  the  occurrence 
of  a  lengthened  interval,  a  period  of  several  weeks  for  instance,  between  the 
infliction  of  the  injuiy  and  the  de^'clopment  of  the  spinal  symptoms,  is  pecu- 
liarly unfavourable.  In  forming  an  opinion  as  to  the  patieiit's  probable  future 
state,  it  is  of  far  less  importance  to  look  to  the  immediate  or  early  severity  of 
the  symptoms  than  to  their  j^rogressive  and  insidious  development. 

The  time  that  the  symptoms  have  lasted  is  necessarily  a  most  impoi'tant 
matter  for  consideration.  When  they  have  been  of  but  short  duration,  they 
may  possibly  be  dependent  on  conditions  that  are  completely,  and  perhaps 
easily,  removable  by  pro})er  treatment ;  for  instance,  on  extravasation  of  blood, 
or  on  acute  serous  inflammatory  effusion.  But  when  the  symi)toms,  however 
slight  they  may  be,  have  continued  even  without  progressive  increase,  remain 
stationary  for  a  period  of  many  months,  they  will  undoul)tedly  be  found  to 
depend  on  those  secondary  structural  changes  that  follow  inflammation,  I  have 
never  known  apatient  to  recover  entirely  the  state  of  health  that  lie  enjoyed  before 
the  accident,  in  whom  the  symptoms  dependent  on  chronic  inflammation  of 
the  cord  and  its  membranes,  and  on  their  consecuti\'e  structural  lesions,  had 
existed  for  twelve  months.  And  though,  as  Ollivier  has  o]jser\ed,  such  a 
patient  may  live  for  fifteen  oi-  twenty  years  in  a  broken  state  of  health,  the 
probalnlity  is  that  he  will  die  within  three  or  four.  There  is  no  structure  of 
the  body  in  which  a  structural  lesion  is  i-ecovered  from  with  so  much  difliculty 
as  the  spinal  cord  and  brain.  And,  with  the  exception  p]'(j1)ably  of  the  eye, 
there  is  no  part  of  the 'body  in  which  a  slight  permanent  change  of  structure 
produces  such  serious  disturbance  of  function  as  in  the  spinal  cord. 

Treatment. — The  general  principles  of  treatment  of  concussion  of  the 
spinal  cord  are  the  same,  from  whatever  cause  the  injury  may  have  arisen. 

In  the  Early  Stages  of  a  case  of  Concussion  of  the  Spine,  the  first 
thing  to  be  done  is  undoubtedly  to  give  the  injured  part  complete  and  abso- 
lute rest.  The  importance  of  rest  cannot  be  over-estimated.  Without  it,  no 
other  treatment  is  of  the  slightest  avail  :  and  it  would  be  as  iiTational  to 
attempt  to  treat  an  injured  brain  or  a  sprained  ankle  without  rest,  as  to  try  to 
t)enefit  a  patient  suffering  from  a  severe  concussion  or  wrench  of  the  spine 
unless  he  be  kept  quiet.    It  is  the  more  important  to  insist  upon  absolute  and 
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entire  rest,  for  the  reason,  that  not  nnfrcqucntly  patients  feel  for  a  tiiiie  bene- 
fited by  movement  ;  and  hence  chang-es  of  air  and  scene  are  thought  to  ]te 
permanently  l)eneficial.  i>ut  nothing-  can  be  more  erroneous  than  this  idea, 
for  the  patient  ^vill  invariably  be  found  to  fall  back  into  a  worse  state  than 
had  previously  existed.  In  more  advanced  stages  of  the  disease,  when  chronic 
meningitis  has  set  in,  the  patient  suffers  so  severely  from  any,  CAen  the  very 
sliglitest,  movement  of  the  l)ody,  that  he  instinctively  preserves  that  rest  which 
is  needed. 

In  order  to  secure  rest  efficiently,  the  patient  should  be  made  to  lie  on  a 
prone  couch.  In  the  prone  position,  the  spine  is  the  highest  part  of  the  body ; 
thus  passive  venous  cftngestitm  and  determination  of  blood,  which  are  favoured 
when  the  patient  lies  on  his  back,  are  entirely  prevented.  Again,  the  absence 
of  pressure  upon  the  back  is  a  great  comfort  when  it  is  unduly  sensitive  and 
tender,  and  is  a  source  of  additional  safety  to  the  patient,  if  he  be  paraplegic, 
by  lessening  the  liability  to  the  formation  of  bed-sores.  Ijastly,  the  prone 
position  presents  this  advantage  over  the  suj^ine,  that  italhjws  the  ready  appli- 
cation of  local  treat iuent  to  the  spine.  In  some  instances  complete  and  absolute 
rest  may  be  secured  to  the  injured  spine  by  the  application  of  a  gutta-percha 
case  to  the  back,  embracing  the  shoulders,  nape,  and  back  of  the  head  ;  or  by 
letting  the  patient  wear  a  stiff'  collar,  so  as  to  give  support  to  the  neck.  In 
other  cases  Sayre's  plaster-of-Paris  jacket  will  be  found  of  the  utmost  service. 
It  secures  more  perfect  and  continuous  rest  than  any  other  apparatus. 

But,  if  rest  is  needed  to  the  spine,  it  is  equally  so  to  the  brain.    In  cases  of 
concussion  of  the  spine,  the  membranes  of  the  brain  become  liable  to  the 
extension  of  inflammation  to  tliem.    Irritability  of  the  senses  of  sight  and 
hearing,  which  is  \  ery  marked  in  many  of  these  cases,  with  perhaps  heat  of 
head  or  flushings  of  the  face,  gives  the  best  evidence  of  this  morbid  action.  For 
the  subdual  of  this  state  of  increased  cerebral  excitement  and  irritability,  it  is 
absolutely  necessary  that  the  mind  should  be  kept  as  much  as  possible  at  rest. 
The  patient,  feeling  himself  unequal  to  the  fatigue  of  business,  becomes 
consc-ious  of  the  necessity  of  relinquishing  it,  though  not  perhaps  without  great 
reluctance,  and  until  after  many  ineffectual  efforts  to  attend  to  it.    There  are 
two  remedies  which  may  be  employed  with  much  advantage  in  the  earlier  • 
stages  of  spinal  con(;ussion,  with  the  view  of  soothing  the  irritation  of  the- 
nervous  system.    One  is  cldoral-hydrate,  to  procure  sleep  ;  the  other,  bromide- 
of  potassium,  to  allay  irritability. 

During  the  early  period  of  concussion  of  the  spine,  nnich  advantage  will' 
usually  be  deri\-ed  from  dry  cupping  along  the  back  on  each  side  of  the  verte- 
liral  column.  In  some  cases,  I  have  seen  good  effects  follow  the  application  of 
ice-bags  to  the  injured  ])art  of  the  spine.  At  this  period,  I  believe,  medicim 
is  of  little  service,  lieyond  such  as  is  required  for  the  regulation  of  the  general 
health  on  ordinary  medical  principles. 

AVhen  the  SecoJidary  Effects  of  Concussion  of  the  Spinal  Cord  have 
appeared,  much  may  often  be  done,  not  only  for  the  mitigation  of  sufferinii-. 
but  for  the  cure  of  the  ])atient,  by  carefully  conducted  local  and  constitutional 
treatment. 

Rest,  as  in  the  early  stages,  nmst  be  persevered  in  ;  but,  in  addition  to  this 
counter-irritation  may  now  be  advantageously  employed.  The  various  form- 
in  which  this  means  is  fiimiliar  to  the  Surgeon— stimulating  embrocations 
mustard-poultices,  ])listcrs,  and  setons  or  issues— may  be  successivelv  used. 
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With  rci>-ard  to  internal  treatment,  I  know  no  remedy  in  the  early  period 
of  the  secondary  stage,  wlicn  subacute  meningitis  is  beginning  to  develop 
itself,  that  exercises  so  marked  or  bcHeficial  an  influence  as  the  pcrchloride  of 
mercury  in  tincture  of  quinine  or  of  bark.  I  have  seen  this  remedy  produce 
the  most  beneficial  effects,  and  have  known  patients  come  back  to  the 
Hospital  to  ask  for  the  "  perchloride "  as  the  only  medicine  from  which 
they  had  derived  advantage.  At  a  more  advanced  period,  and  in  some 
constitutions  in  which  mercury  is  not  well  borne,  the  iodide  or  the  bromide 
of  potassium  in  full  doses  will  be  found  highly  beneficial,  more  especially 
when  there  are  indications  of  the  presence  and  the  pressure  of  iuflammatory 
effusion. 

When  all  signs  of  inflammation  have  subsided — when  the  symptoms  have 
become  those  of  paralysis,  whether  of  sensation  or  of  motion — but  more 
especially  in  those  cases  in  which  there  is  a  loss  of  motor  power,  with  a 
geuerahy  debilitated  and  cachectic  state,  cod-liver  oil,  strychnine,  and  iron 
may  be  advantageously  employed.  But  I  would  jjarticularly  caution  against 
the  use  of  these  remedies,  and  more  especially  of  strychnine,  in  all  those 
cases  in  wliich  inflammation  is  stiU  existing.  In  such  circumstances  the 
administration  of  strychnine  is  attended  by  the  most  prejudicial  effects,  in- 
creasing nuiterially  and  rapidly  tlie  patient's  sufferings.  But  in  the  absence 
of  inflammatory  irritation  it  will,  if  properly  administered,  be  found  to  be 
most  useful,  more  particularly  in  restoring  lost  motor  power.  In  those  cases 
in  wiiich  strychnine  may  be  advantageously  administered,  great  benefit  will 
be  derived  also  from  warm  salt-water  douches  to  the  spine,  and  galvanism  to 
the  limbs. 

At  a  more  advanced  period,  when  general  cachexy  has  been  induced,  and 
more  or  less  paralysis  of  sensation  and  motion  continues  in  the  limbs,  and 
nothing  of  a  specific  nature  can  be  done  in  the  way  of  treatment,  our  whole 
object  should  be  to  improve  the  general  health  on  ordinary  medical  principles, 
so  as  to  prevent  as  far  as  possil)le  the  development  of  secondary  diseases,  such 
as  phthisis,  dependent  on  malnutrition  and  a  generally  broken  state  of  healthy 
which  may  after  several  years  lead  to  a  fatal  termination. 

WOUNDS    OF    THE    SPINAL  CORD. 

These  injuries  may  occur  from  sta))S  with  pointed  instruments  ;  from  gun- 
shot-violence ;  or,  most  frequently,  from  the  pressure  of  fi-actured  vertebrte. 
In  the  latter  form  of  injury  there  is  an  association  of  wound  and  compression,, 
giving  rise  essentially  to  the  same  sym]:»toms  as  if  the  cord  were  di\nded. 

Symptoms. — Wiien  the  spinal  cord  is  completely  dwided,  certain  symptoms 
occur  that  are  common  to  all  cases,  at  whatever  part  of  the  cord  the  injury 
has  been  inflicted,  provided  it  be  not  so  high  as  to  cause  instant  death. 
In  the  first  place,  there  is  complete  imralysh  of  sensation  and  motion  in  all 
the  parts  below  the  seat  of  injury,  though  the  mental  state  of  the  patient  con- 
tinue intact.  The  precise  seat  of  injury  may  often  lie  diagnosed  by  the  extent 
of  the  paralysis.  In  injuiy  of  the  lower  part  of  the  spine,  there  may  be  paralysis 
of  aU  the  parts  supplied  by  the  nerves  of  the  sacral  plexus,  whilst  those  from  the 
lumbar  are  not  affected ;  thus  leading  to  the  inference  that  the  injury  has  been 
inflicted  above  the  one  and  below  the  other  set  of  nerves.  When  the  paralysis- 
is  comi^lete,  the  tem^jerature  below  the  scat  of  injury  is  lowered,  often  considcr- 
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ably,  so  as  to  give  a  sensation  of  distinct  coldness  to  the  hand.  In  injuries  of  the 
oord  in  the  cervical  region,  with  complete  paralysis  below  the  neck,  very  high 
temperatures  are  occasionally  met  with,  even  as  high  as  114°  F.  When  the  cord 
is  cut  across,  the  parts  below  are  completely  paralysed,  and  for  a  time,  as  Savory 
lias  pointed  out,  reflex  phenomena  are  abolished,  owing  to  the  lower  segment  of 
the  cord  sustaining,  as  it  were,  a  concussion  at  the  moment  of  division.   After  a 
time,  however,  reflex  phenomena  will  be  developed  in  the  parts  supplied  by  the 
nerves  connected  with  the  lower  segment  of  the  divided  cord,  which  becomes, 
as  it  were,  an  independent  excito-motor  centre.    Thus,  when  the  soles  of  the 
feet  are  tickled,  the  legs  will  be  drawn  up  and  jerk,  although  all  sensation  is 
abolished.    After  a  time  visible  lUmiiiution  takes  place,  m  the  nutritive  activity 
of  the  limbs,  the  circulation  becoming  feeble  with  a  tendency  to  congestion  at 
depending  points.    The  lessening  of  nutritive  vigour  is  not  confined  to  the 
paralysed  parts,  but  affects  the  whole  system,  the  patient  becoming  speedily 
emaciated,  angemic,  and  cachectic.    The  skin  assumes  a  dirty,  cadaverous  hue, 
<ind  the  cuticle  usually  exfoliates  in  branny  flakes. 

The  lowering  of  the  temperature,  the  disturbance  in  the  processes  of  nutri- 
tion and  secretion,  and  the  supervention  of  emaciation  and  cachexy,  are 
dependent  upon  a  derangement  of  the  relations  of  the  vaso-motor  system  and 
the  spinal  cord.  This  derangement  does  not  altogether  arise  from  the  simple 
division  of  the  cord,  but  is  rather  the  consequence  of  the  inflammation  set  up 
in  it  and  its  membranes  by  the  injury,  and  is,  therefore,  aggravated  by  any- 
thing that  increases  the  inflammation ;  thus  it  is  more  marked  in  laceration  of 
the  cord  and  its  continuous  irritation  by  a  fractured  spine,  than  after  a  simj^le 
division  with  a  cutting  instrument. 

The  general  symptoms  of  paralysis  following  injury  present  important 
modifications,  according  to  the  height  at  which  the  cord  is  divided. 

1.  Injuries  in  the  Lumbar  and  Lower  Dorsal  Region. — The  cord  ter- 
minates at  the  lower  border  of  the  first  luml)ar  vertebra,  consequently  injuries 
below  that  point  will  aifect  only  the  spinal  nerves  forming  the  cauda  equina. 
The  whole  of  the  nerves  that  enter  into  the  lumbar  and  sacral  plexuses  arise 
from  the  part  of  the  cord  below  the  lower  border  of  the  eleventh  dorsal 
vertebra.  Injuries  in  this  region  consequently  often  cause  complete  paralysis 
of  all  the  parts  supplied  from  lioth  the  sacral  and  lumbar  plexuses  ;  sometimes, 
however,  the  sacral  only  is  aflFccted.  When  the  injury  afltects  the  sacral  plexus 
only,  all  the  muscles  below  the  knee,  the  flexors  of  the  leg,  the  rotators,  ab- 
ductors, and  extensors  of  the  thigh  are  paralysed  ;  l)ut  the  extensors  of  the 
leg  and  the  flexors  and  adductors  retain  their  power.  The  muscles  of  the 
perinoeum,  the  sphincter  ani,  and  the  bladder  are  also  paralysed.  Sensation  is 
lost  in  the  gluteal  region,  the  back  of  the  thigh,  the  outer  side  of  the  leg  and 
foot,  the  genital  organs,  and  the  perineum.  When  the  lumbar  plexus  is  also 
affected,  the  whole  lower  limb  is  deprived  of  sensation  and  motion,  and  there 
is  some  loss  of  sensation  about  the  lower  part  of  the  abdomen  in  the  part 
supplied  by  the  ilio-liypogastric,  but  the  abdominal  muscles  retain  their 
power  of  contraction.  In  some  cases  we  find  complete  paralysis  of  the 
parts  supplied  by  the  sacral  plexus,  and  irregular  paralysis  and  loss  of 
sensation  in  those  supplied  by  the  lumbar  plexus.  This  is  due  to  injury  of 
that  part  of  the  cord  from  which  the  sacral  plexus  arises,  with  damage  to  some 
of  the  lumbar  nerves  which  lie  by  the  side  of  it,  before  they  leave  the  vertebral 
canal.    In  an  injury  completely  paralysing  the  sacral  plexus,  there  is  alwavs 
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relaxation  of  the  spliincter  ani,  with  coiiscqueut  incontiiieuce  of  flatus,  aud,  to 
a  great  extent,  of  faeces.  Tiiere  is,  at  tirst,  retention  of  urine  in  consequence 
of  paralysis  of  tlie  bladder,  which  is  unable  to  expel  its  contents  ;  after  a 
time,  however,  the  urine  dribbles  away  as  fast  as  it  is  poured  into  the  overdis- 
tended  or<>-an,  the  neck  of  wdiich  has  lost  its  sphincter-like  action.  The 
reason  why  there  is  incontinence  of  fasces  but  retention  of  urine  in  these 
cases  is  this.  The  sphincter  ani  and  the  muscular  fibres  of  the  bladder  are 
both  under  the  control  of  the  spinal  nerves.  When  paraplegia  exists,  the 
restraining  power  of  the  sphincter  ani  and  the  expelling  power  of  the  bladder 
are  both  lost.  Hence  the  bladder  cannot  expel  its  contents  :  while  the  anus 
cannot  retain  those  of  the  intestines,  w'hicli  are  brought  down  to  it  by  the 
peristaltic  movements  which  are  not  spinal,  but  under  the  influence  of  the 
sympathetic  nervous  system.  After  the  first  few  days  the  urine  becomes 
ammoniacal  in  odour,  and  alkaline  in  reaction,  in  consequence  of  the  forma- 
tion of  ammonium  carbonate  from  the  urea.  The  exact  cause  of  this  fermen- 
tative change  that  occurs  in  the  urine  is  not  clearly  settled.  It  is  invariably 
accompanied  by  the  presence  of  microscopic  organisms,  which,  in  the  opinion 
of  many,  are  the  direct  cause  of  the  ]H'ocess.  Those  wdio  hold  this  view  main- 
tain that  they  are  admitted  from  without,  most  commonly  being  introduced 
on  the  instrument  with  which  the  water  is  drawn  off".  Their  growth  would  be 
favoured  by  the  retention  of  urine,  and  especially  by  the  accumulation  of 
alkaline  mucus  in  the  fundus  of  the  bladder.  On  this  view  it  is  possible  in 
these  cases  to  prevent  this  most  serious  complication.  Others  believe  that  the 
decomposition  of  the  urea  is  due  to  the  presence  of  an  excess  of  mucus,  which 
acts  as  a  chemical  ferment.  Whatever  be  the  cause  of  its  decomposition,  the 
ammoniacal  urine  acts  as  an  intense  in'itant  to  the  bladder,  setting  up  severe 
cystitis,  accompanied  by  an  abundant  secretion  of  viscid  alkaline  mucus,  often 
mixed  with  pus,  and  sometimes  with  blood.  Finally,  it  may  lead  to  ulceration 
of  the  bladder,  followed  by  septic  poisoning  by  absorption  from  the  raw  sur- 
faces ;  or  the  mischief  may  extend  to  the  kidneys  and  terminate  fatally  by 
septic  nephritis.  Later  in  the  case  the  bladder  often  becomes  contracted,  and 
dribbling  of  urine  takes  the  place  of  retention.  In  the  early  stages  of  these 
injuries  to  the  cord,  the  penis  will  usually  be  observed  to  be  in  a  state  of 
semi-erection. 

Patients  who  have  met  with  injuries  of  this  portion  of  the  spinal  cord  may 
live  on  for  many  months,  or  even  for  a  year  or  two,  in  a  cachectic  state  ; 
death  then  occurs  usually  from  sloughing  of  the  nates,  or  from  the  effects  of 
the  diseased  condition  of  the  bladder. 

2.  AMien  the  cord  is  divided  in  the  Upper  Dorsal  Region,  aliout  the  level 
of  the  third  dorsal  vertebra,  we  ha^•e  not  only  the  train  of  symptoms  that  have 
just  been  mentioned  as  characteristic  of  tliis  injury  lower  down,  but  respi- 
ration also  is  interfered  with  in  consequence  of  paralysis  of  the  greater 
portion  of  the  expiratory  muscles.  The  intercostal  muscles,  and  those  con- 
stituting the  abdominal  wall,  no  longer  acting,  imperfect  expiration  is  effected 
solely  by  the  elasticity  of  the  walls  of  the  chest  ;  and  the  purely  muscular 
expiratory  movements,  such  as  sneezing  and  coughing,  cannot  be  accom- 
plished. In  these  cases,  during  inspiration,  which  is  effected  chiefly  by  the 
diaphragm,  the  ribs  arc  depressed  instead  of  being  expanded  and  raised  ;  and 
the  abdominal  wall,  which  is  soft  and  flaccid,  is  protruded  far  beyond  its 
normal  limits.    In  consequence  of  the  impediment  to  respiration  the  blood  is 
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not  pi-operly  artcrialized  :  ajid  li}-postatic  pneumonia  often  causes  death  in  two 
or  three  weeks. 

:5.  "When  the  injury  is  situated  in  tlic  Lower  Cervical  Region,  not  only 
do  all  the  preceding  symptoms  occur,  but  there  is  paralysis  of  the  npper 
extremities  as  well  ;  and,  inspiration  being  entirely  diaphragmatic,  the 
circulation  speedily  becomes  affected,  the  lungs  surcharged  and  cedematous, 
and  the  countenance  becomes  suffused  and  pur^ihsh.  If  the  cord  have 
been  divided  immediately  above  the  brachial  plexus,  there  will  be  complete 
paralysis  of  the  whole  of  the  upper  extremities  ;  but  if  the  injury  be  opposite 
the  sixth  cervical  vertebra,  they  may  Ix;  only  partially  paralysed.  This  hap- 
pened in  two  cases  of  fi-acture  of  the  spine  in  this  region  that  were  some  years 
ago  under  my  care  at  the  Hospital.  In  both,  the  jjaralysis  existed  on  the  ulnar 
butnot  on  the  radial  side  ofthe  arms,  owing  to  the  external  cutaneous,  median, 
and  musculo-spiral  nerves  arising  higher  from  the  plexus  than  the  ulnar,  and 
thus  just  escaping  injury.  It  is  remarkable  that,  in  both  these  cases,  there  was- 
acute  cutaneous  sensibility  in  the  arms  along  the  whole  line  of  junction  between 
the  paralysed  and  the  sound  parts.  There  is  this  remarkable  fact  connected 
Avith  injuries  ofthe  lower  portion  of  the  cervical  spinal  cord,  that  the  tempera- 
ture frequently  presents  a  marked  deviation  from  the  normal  standard.  In 
some  cases  it  rises  very  considerably,  in  fact  to  a  higher  point  than  has  been 
noticed  in  any  other  surgical  affection.  Brodie  found  in  one  case  that  the 
thermometer  marked  111°  F.  But  in  other  cases  again  the  temperature  has- 
been  found  greatly  reduced,  even  to  81°  or  82°  F.  Xo  exi^lanation  of  these- 
extraordinary  differences  has  as  yet  been  discovered.  In  cases  of  injury  of  the 
coi'd  in  this  situation,  death  occurs  usually  by  asphyxia  in  from  48  hours  to  a 
week. 

"When  the  division  of  the  spinal  cord  takes  place  above  the  Origin  of  the 
Phrenic  Nerves  opposite  to  or  above  the  third  cervical  vertebra,  instantaneous 
death  results  from  paralysis  of  the  diaphragm,  as  well  as  of  the  rest  of  the 
respiratory  muscles,  inducing  sudden  asphyxia. 

It  necessarily  happens  in  partial  division  of  the  cord  that  the  symptoms 
are  less  clearly  marked.  In  many  of  these  cases  resulting  from  fracture  or  dis- 
location, the  symptoms  due  to  actual  injury  of  the  cord  are  compli(;ated  with 
pressure  on  one  or  moi-e  nerves  in  the  invertebral  foramina.  The  most  definite 
of  these  injuries  are  met  with  in  partial  division  of  the  cord  by  a  stab.  In 
these  cases  it  has  occasionally  happened  that  the  weapon  has  divided  one  of 
the  lateral  halves  of  the  cord.  The  effect  of  this  is  to  cause  paralysis  with 
hyperesthesia  and  elevation  of  temperature  of  the  parts  below  the  injury  on 
the  same  side,  with  anaesthesia  of  the  opposite  side.  This  is  owing  to  the 
chief  decussation  of  the  motor  tracts  taking  place  in  the  medulla  oblongata, 
while  the  sensory  fibres  cross  to  the  opposite  side  almost  immediately  after 
they  enter  the  cord. 

MECHANICAL  INJURIES  OF  THE   VERTEBRAL  COLUMN. 

The  mechanical  injuries  to  which  the  vertebral  column  is  hal)le,  cousist  of 
Sprains  or  Wrenches,  Fracture,  and  Dislocation. 

Twists,  Sprains,  or  Wrenches  of  the  Spine,  without  fracture  or  dislo- 
cation of  the  vertebrae,  may  occur  in  a  variety  of  ways.  Boyer  relates  a  fatal 
case,  occun-ing  from  an  injury  received  in  practising  gymnastics.  Sir  A. 
Cooper  gn-es  an  instance  of  a  fatal  wrench  of  the  spine,  froin  a  rope  catching  a 
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boy  round  the  ucck  whilst  swinging.  In  two  cases  under  my  care,  the  injury 
urose  from  violence  apphed  to  the  cervical  s})ine  ;  in  one  from  a  railway- 
accident,  in  the  other  from  a  fall  from  a  horse. 

These  wrenches  of  the  spine  are,  for  obvious  reasons,  most  liable  to  occur 
in  the  more  mobile  parts  of  the  vertebral  column,  as  the  neck  and  loins,  just 
above  the  sacral  region  ;  less  fi-equcntly  in  the  dorsal  region. 

In  railway-collisions,  when  a  person  is  A  iolontly  and  suddenly  jolted  from 
one  side  of  the  carriage  to  the  other,  the  head  is  frequently  forcibly  thrown 
forwards  and  backwards,  moving  as  it  were  by  its  own  -weight,  the  patient 
having  for  the  time  lost  control  over  the  nmscular  structures  of  the  neck.  In 
such  cases  the  patient  complains  of  a  severe  straining,  aching  pain  in  the 
articulations  between  the  head  and  the  spine,  and  in  the  Cervical  Spine 
itself.  This  pain  closely  resembles  that  felt  in  any  joint  after  a  severe  wrench 
of  its  ligamentous  structures,  but  is  peculiarly  distressing  in  the  spine,  owing 
to  the  extent  to  which  fibrous  tissue  and  ligament  enter  into  the  composition 
of  the  column.  It  is  greatly  increased  by  to-aud-fro  movements,  however 
slight,  and  especially  by  rotation  ;  also  by  pressure  upon,  and  by  lifting  up  the 
head  so  as  to  put  the  tissues  on  the  stretch.  In  consequence  of  this,  the 
patient  keeps  the  neck  and  head  innnovable,  rigid,  looking  straight  forwards. 
He  cannot  raise  his  head  off  a  pillow  without  the  assistance  of  his  own  hand, 
or  that  of  another  person. 

The  Lumbar  Spine  is  often  strained  in  railway-collisions,  with  or  without 
similar  injury  to  the  cervical  portion  of  the  column,  in  consequence  of  the 
body  being  forcibly  swayed  backwards  and  forwards  during  the  jarring  oscil- 
lations of  the  caiTiage  on  the  receipt  of  a  powerful  shock.  In  such  cases  the 
same  kind  of  pain  is  complained  of.  There  is  the  same  rigidly  inflexible  con- 
dition of  the  spine,  with  tenderness  on  external  pressure,  and  great  aggravation 
of  suflcring  on  moA'ement,  more  particularly  if  tlie  patient  bend  backwards. 
The  patient  is  unable  to  stoop  ;  in  attempting  to  do  so,  he  always  goes  down 
on  one  of  his  knees. 

The  muscles,  especially  the  erector  spinas,  and  the  fasciae  of  the  back  are  also 
often  sprained,  stretched  and  torn,  in  cases  of  twists  and  strains  of  the  spinal 
oolumn.  There  may  be  consequent  swelling  and  induration  of  these  tissues 
from  the  presence  of  inflammatory  effusions  and  inability  to  use  the  sprained 
muscles.  But  the  great  danger  of  these  sprains  is,  that  they  are  not  un- 
frequently  associated  with  some  of  the  most  serious  affections  of  the  s^iinal 
cord  that  are  met  with  in  surgical  practice  as  a  cousequence  of  injury.  These 
may  prove  most  dangerous,  or  even  fatal. 

The  Prognosis  will  depend  partly  on  the  extent  of  the  stretching  of  the 
muscular  and  ligamentous  structures,  partly  on  whether  any  inflammation 
lias  been  excited  in  them  which  may  extend  to  the  interior  of  the  spinal 
■canal.  As  a  general  rule,  where  muscular,  tendinous,  and  ligamentous  struc- 
tures have  been  violently  stretched,  as  in  an  ordinary  sprain,  however  severe, 
they  recover  in  the  course  of  a  few  weeks,  or  at  most  within  three  or  six 
months.  If  a  joint,  as  the  shoulder  or  ankle,  continue  to  be  weak  and 
preternaturally  mobile,  in  consequence  of  elongation  of  tlie  ligaments,  or 
weakness  or  atrophy  of  the  muscles,  beyond  this  period,  it  will,  in  all 
probability,  never  be  so  strong  as  it  was  before  the  accident.  The  same 
holds  good  with  the  spine  ;  and  a  vertebral  column  which  has  been  so 
weakened  as  to  require  artificial  support,  after  several  months,  in  order  to 
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enable  it  to  maintain  the  weight  of  the  head,  will  probably  never  regain  its 
normal  strength. 

One  great  prospective  clanger  in  strains  of  the  spine  is  the  possibility  of 
inflammation  developed  in  the  fibrous  structm-es  of  the  column  extending  to 
the  meninges  of  the  cord.  This  I  have  several  times  seen.  It  is  particularly 
apt  to  happen  Avhen  the  strain  or  twist  occurs  between  the  occiput  and  the  atlas- 
or  axis.  In  these  cases  a  rigid  tenderness  is  gradually  de\  eloped,  which  is  most 
distressing  and  persistent,  and  evidently  inflammatory  ;  or  there  may  ho 
paralysis  confined  to  the  nerves  that  are  connected  with  that  part  of  the  spine 
that  is  the  seat  of  the  wrench,  one  or  other  of  their  roots  ha\nng  suffered  lesion, 
or  the  nervous  cord  itself  having  been  injured  in  its  passage  through  the  inter- 
vertebral foramen.  Lastly,  a  twist  of  the  spine  may  slowly  and  insidiously  be 
followed  by  symptoms  of  complete  paraplegia,  and  eventually  by  death  from 
extravasation  of  blood  into  the  vertebral  canal. 

The  Treatment  of  these  injuries  is  the  same  as  that  of  concussion  of  thc' 
spinal  cord  (see  p.  783). 

Fracture  of  the  Spine  may  occur  either  by  the  application  of  direct 
violence,  or  by  a  violent  twist  or  bend  of  the  body  forwards.  Direct  violence, 
as  a  blow,  fall,  or  gunshot-injury,  may  of  course  fracture  the  spine  at  any  part 
and  almost  to  any  extent,  in  some  cases  detaching  merely  a  spinous  process,  in 
others  splintering  and  comminuting  several  vertebrie  and  lacerating  or  dividing 
the  spinal  cord.  Fracture  of  the  spine  from  a  \-iolent  but  forcible  bend  of  the 
])ody  forwards  occurs  chiefly  in  the  cervical  region.  It  is  produced  usually 
by  a  person  fixlling  from  a  height  on  the  head,  the  body  being  bent  forcibly 
forward  so  as  to  drive  the  chin  against  the  sternum.  This  accident  often 
happens  in  falls  from  horseback,  or  in  taking  a  "  header  "  into  shallow  water, 
[n  some  cases  it  has  occurred  from  a  person  sitting  on  the  top  of  a  vehicle 
having  the  head  forcibly  bent  down  whilst  passing  under  an  archway.  In  these 
accidents  there  are  usually  extensive  rupture  of  the  spinal  ligaments  and  dis- 
placement of  the  bones,  as  well  as  fracture. 

In  some  cases  of  even  very  extensive  fracture  there  may  be  no  api:>reciable 
displacement :  but  usually  some  change  of  position  ensues,  in  many  cases' 
to  such  an  extent  as  to  compress  or  lacerate  the  spinal  cord.  The  mode  of 
occurrence  of  the  fracture  Avill  influence  the  amount  of  displacement.  If  the 
fracture  be  through  the  arch,  or  consist  in  a  simple  detachment  of  the  spinous 
process  by  a  fall  or  a  blow  on  the  back,  there  may  l)e  little  or  no  displacement. 
If  it  occur  from  gunshot-injury,  or  from  a  fall  upon  the  head,  or  by  forcible 
flexure  of  the  neck  and  body  forwards,  as  when  the  ])ody  is  compressed  between 
the  top  of  a  van  and  an  archway,  there  will  probably  be  great  displacement, 
and  perhaps  separation  of  the  articulating  surfaces  of  contiguous  vertebrae.  In 
these  cases  the  upper  part  of  the  spine  is  almost  invariably  displaced  forwards. 

The  Signs  of  this  injury  vary  very  greatly,  and  depend  in  a  great  degree 
upon  the  extent  of  the  displacement.  If  this  be  inconsiderable,  it  may  be 
extremely  difficult,  and  even  impossible  in  some  instances,  to  pronounce  with 
certainty  whether  the  spine  has  l)een  broken  or  not ;  the  more  so  if  the 
fracture  do  not  implicate  the  body  of  the  vertebra.  If,  on  the  other  hand,  the 
displacement  affect  the  axis  of  the  column  or  compress  the  cord,  the  symptoms 
are  so  marked  as  to  admit  of  easy  diagnosis.  They  are  of  two  kinds ;  those 
presented  ))y  the  injury  of  the  bone,  and  those  dependent  on  injury  by  com- 
pression or  laceration,  or  both,  of  the  spinal  cord. 
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The  Local  Signs  arc  usually  pain  at  the  seat  of  injury,  greatly  increased 
by  pressure  on,  or  motion  of  the  part ;  inequality  of  the  line  of  the  spinous 
processes,  with  depression  of  the  upper  portion  of  the  spine,  and  correspondinj? 
prominence  of  the  lower.  There  is  an  inability  to  support  the  body  in  the 
erect  position,  and  to  move  the  spine  in  any  way ;  hence,  when  the  npper 
portion  of  the  column  is  injured,  the  patient  holds  his  head  in  a  still"  and 
constrained  attitude,  fearing  to  turn  it  to  either  side. 

The  General  Symptoms  of  fracture  of  the  spine  are  dependent  upon  the 
injury  which  the  cord  has  received.  If  the  fracture  have  not  implicated  the 
spinal  canal,  as  when  only  the  tip  of  a  spinous  process  has  been  broken  off,  or 
if  it  be  unattended  by  displacement,  although  it  may  traverse  the  body 
and  arches,  no  symptoms  depending  upon  injury  of  the  cord  need  exist. 
But  even  in  these  cases  there  is  nsually  some  paralysis,  owing  perhaps  to 
the  concussion  to  which  the  cord  has  been  subjected  at  the  moment  of 
injury  ;  and  occasionally  a  sudden  mo\'emeut  by  the  patient  will  bring 
on  displacement,  by  which  the  cord  is  compressed  and  all  the  parts  below 
the  injured  spot  are  paralysed.  A  woman  was  admitted  into  University 
College  Hospital  Avith  an  injury  of  the  neck,  the  nature  of  which  could 
not  be  accurately  ascertained.  She  was  in  no  way  paralysed,  but  kept 
her  head  immovable  in  one  position.  A  few  days  after  admission,  whilst 
making  a  movement  in  bed,  by  which  she  turned  her  head,  she  fell  Ijack  dead. 
On  examination,  it  was  found  that  the  spinous  process  of  the  fifth  cervical 
v  ertebra  had  been  broken  off  short,  and  was  impacted  in  such  a  way  between 
the  arches  of  this  and  the  fourth  as  to  compress  the  cord.  This  impaction 
and  conseqnent  compression  probably  occurred  at  the  time  of  the  incautious 
movement,  thus  producing  immediate  death.  "When  there  is  only  partial  dis- 
placement, there  may  be  but  incomplete  paralysis  of  the  parts  below  the 
injury  ;  of  one  arm,  one  leg,  &c.  In  these  cases  there  is  usually  great  pain  at 
the  seat  of  fracture,  and  extending  from  it  along  the  line  of  junction  between 
the  paralysed  and  sound  parts  round  the  body  or  along  the  limb.  This  symp- 
tom, which  is  of  great  importance  as  exactly  defining  the  scat  of  injury,  is  due, 
as  I  found  in  dissecting  a  case  of  fracture  of  the  sixth  cervical  vertebra  under 
my  care,  to  the  Iractured  l)one  compressing  and  irritating  the  nerve  that  issufq 
from  the  vertebral  notch  opposite  the  seat  of  injury. 

When  the  cord  is  implicated,  the  symptoms  will  vary  according  to  the  seat  of 
the  injury  and  the  extent  of  the  damage.  For  a  detailed  account  of  the  symp- 
toms presented  by  injuries  of  the  difterent  portions  of  the  cord,  the  reader  is 
referred  to  the  section  on  "Wounds  of  the  Spinal  Cord"  (p.  78G). 

If  fracture  of  the  spine  be  occasioned  by  indirccc  -s-iolence,  as  by  the  head 
being  forcibly  bent  clown  on  to  the  chest  as  the  patient  is  driving  under  an 
archway,  and  a  fracture  be  thus  occasioned  through  the  lower  cervical  or 
upper  dorsal  portion  of  the  column,  we  shall  find  that  the  cord  being  lacerated, 
and  compressed  transversely  in  one  i)art  only,  the  ordinary  symptoms  of  a 
division  of  the  cord  at  that  part  will  be  presented,  the  patient  being  paralysed 
below  the  seat  of  injury  ;  but  the  paralysed  parts  manifest  signs  of  reflex 
irritability,  the  legs  being  drawn  up  when  the  soles  are  tickled.  When  the 
fracture  is  l)y  direct  violence,  as  by  a  heaA  y  fall  on  the  back  from  a  height, 
the  cord  will  be  concussed  as  well  as  pai-alysed,  and  then  no  reflex  phenomena 
are  presented  l)y  the  patient. 

In  a  large  proportion  of  cases  of  fracture  of  the  spine,  there  is  such  displace- 
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mcnt  of  the  bone  as  to  compress  the  whole  thickness  of  the  cord,  and  thus 
to  occasion  complete  paralysis  of  motion  and  sensation  in  the  parts  below 
the  seat  of  injury.  This  paralysis  resembles  that  which  arises  from  simple 
division  of  the  cord,  but  is  followed  by  greater  impairment  of  nntrition,  as 
shown  in  wasting,  cachexy,  and  a  tendency  to  sloughing.  The  reason  of  this 
difference  is,  that  in  fracture  the  cord  is  not  simply  compressed  or  divided,  but 
is  contimiously  irritated  by  the  edges  of  broken  bone,  and  thus  not  only  be- 
comes incapable  of  healing,  but  is  kept  in  a  state  of  chronic  irritation  and 
inflammation.  If  the  fractui-e  be  above  the  origin  of  the  phrenic  nerve,  respi- 
ration will  be  arrested  and  the  patient  die  instantaneously. 

Prognosis. — The  danger  from  fracture  of  the  sjiiue  depends  on  the  amount 


FiK.  ;)29.—Kractim' through  the  lower  <li)v-  Fig.  ;«0.— Crush  of  Cord 

Sid  and  lirst  luiiiliur  vertebra',  v.'itli  ilis-  and  its  ineiubraucs.  The 

jilacciuuiit  badvmirds  of  ujiper  Iniguieut.  result  of  a  Fracture  of 

the  Spine. 


of  injury  sustained  by  the  cord,  and  the  situation  of  that  injury.  Thus,  if  there 
is  no  displacement  of  the  broken  vertebra  or  injury  to  the  cord,  union  will 
take  place,  and  the  patient  recover  perfectly  ;  but  fractures  of  the  spine 
through  the  bodies  of  the  vertebra,  with  displacement  and  compression  of  the 
cord,  are  most  commonly  fatal. 

When  the  fracture  occurs  in  the  middle  or  lower  dorsal  regions,  so  that  the 
lower  portion  only  of  the  cord  is  injured,  the  patient  may  live  for  many  years, 
even  though  the  cord  is  completely  severed  and  the  spinal  canal  obliterated  by 
the  displacement,  and  by  the  new^  bone  formed  in  the  process  of  repair.  There 
is  a  specimen  in  University  College  Museum  which  well  illustrates  this  fact 
(Fig.  329).  The  patient  was  a  man  thirty-two  years  of  age,  who  fell  fifty 
feet  from  a  tree.  He  sustained  a  fracture  of  the  spine,  with  the  unusual  dis- 
placement of  the  upper  fragment  backwards.  The  fracture  became  firmly 
consolidated,  and  he  lived  for  nine  and  a-half  years  afterwards,  completely 
paralysed  below^  the  middle  of  his  body.  There  was  no  sloughing  of  the  hips 
or  back,  and  blisters,  which  were  for  some  reason  ap])lied  to  the  paralysed  parts, 
are  stated  to  have  healed  without  difficulty.  He  suifered  from  repeated  attacks 
of  cystitis,  in  one  of  which  extension  took  place  to  the  kidney,  and  he  died  of 
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pyclo-nophritis.  Tlie  spccimon  shows  ossification  of  tlic  duni  mater  below  the 
seat  of  fracture. 

Even  when  the  injury  is  in  tlic  cervical  region,  recovery  may  take  place, 
although  the  case  may  appear  most  unpromising.  I  have  known  at  least  four 
cases  in  which  reco^■ery  has  taken  place  after  fracture  of  the  lower  cervical 
vertebra,  with  paralysis  more  or  less  complete  from  the  neck  downwards.  In 
one  of  these  cases  where  the  neck  was  broken  by  a  fall  in  kangaroo-hunting, 
the  patient,  young  and  active,  after  being  paralysed  for  ele\en  months,  made 
^  fair  though  not  complete  recovery — some  paralysis,  with  wasting,  of  the 
extensors  of  the  hands  being  left. 

When  death  takes  place,  it  may  occur  in  three  diflercnt  ways.  It  happens 
primarily  as  the  immediate  result  of  the  injury,  in  all  those  cases  in  which  the 
fracture  is  above  the  origin  of  the  phrenic  nerve.  It  occurs  secondarily  and 
indirectly,  at  a  more  or  less  remote  period,  as  the  result  of  changes  in  the 
body  dependent  on  permanent  se})aration  of  the  parts  below  the  injury  fi-om 
the  nervous  centres  above.  At  the  seat  of  injury,  compression,  or  crushing, 
inflammation  is  necessarily  developed  ;  thence  it  spreads  along  the  membranes, 
giving  rise  to  effusion  into  the  canal,  and  into  the  cord  itself,  causing  soften- 
ing. It  is,  doubtless,  by  the  gradual  extension  upwards  of  this  secondary 
inflammatory  softening,  that  death  is  ultimately  occasioned  in  many  cases. 
Thus,  an  injury  in  the  cervical  region,  which  was  not  immediately  fatal,  may 
ultimately  prove  so  by  extension  of  the  mischief  to  the  origins  of  the  phrenic 
nerves,  and  so  arresting  respiration.  Many  also  perish  from  bedsores  and  a 
very  large  proportion  prove  fatal  from  pyelo-nephritis  secondary  to  cystitis, 
with  decomposition  of  the  urhie. 

The  Treatment  is  simple  enough  in  those  cases  in  which  the  patient 
escapes  without  implication  of  the  cord.  It  is  evident  that  in  such  cases 
no  attempt  at  reduction  should  be  made,  lest  by  dislodguient  of  the  fragments 
the  cord  might  be  injured.  The  patient  must  be  placed  flat  upon  his 
back,  and  the  strictest  possible  rest  maintained.  Konig  of  Gottingeu  has 
.recommended,  in  cases  of  fracture  in  the  dorsal  or  lumbar  region  without 
damage  to  the  cord,  that  Sayre's  plaster-of -Paris  jacket  should  be  applied  at  as 
early  a  period  in  the  case  as  possible.  He  has  himself  applied  it  as  early  as 
the  fourth  day,  and  Berkeley  Hill  at  the  end  of  thirty  hours.  In  these  cases 
the  patient  was  suspended  by  the  arm-pits,  and  at  the  same  time  supported  by 
assistants,  care  being  taken  not  to  lift  him  sufficiently  high  to  raise  the  feet 
from  the  ground.  Extension  under  these  circumstances,  howe\-er,  cannot  be 
devoid  of  danger,  and  the  better  plan  would  be  to  apply  the  aj^paratus  in  the 
way  recommended  by  Walker  of  Peterborough.  He  first  ap]3lies  a  flannel 
vest  without  sleeves,  or  if  there  is  any  difficulty  in  putting  this  on,  a  piece  of 
soft  flannel  wide  enough  to  reach  from  the  axilljE  to  the  hip  may  be  passed 
under  the  back,  and  carefully  sewn  down  the  front,  so  as  to  leave  no  creases. 
A  number  of  strips  of  muslin-bandage,  cut  of  the  proper  length  to  encircle 
the  body,  and  to  overlap  for  a  faw  inches,  are  then  prepared.  These  are 
dipped  in  a  mixture  of  plaster-of-Paris,  lib.,  Water,  ^viij,  with^j  of  mucilage 
of  gum  acacia  added,  to  delay  the  setting.  They  are  then  quickly  spread  on  a 
bed  covered  by  a  mackintosh-sheet,  each  o^-erlapping  that  above  for  two- 
thirds  of  its  width.  They  must  be  thus  arranged  till  a  sufficient  width  is 
reached  to  extend  from  the  patient's  axillae  to  midway  between  the  crest  of 
the  ilium  and  the  trochanter  ;  and  sufficient  number  of  strips  should  be  used 
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to  make  the  ^vllole  about  six  layers  thick.  The  patient  is  then  carefully 
lifted  and  laid  on  the  bandages,  Avhich  are  folded  o\Qr  and  rubbed  smooth,  as 
in  an  ordinaiy  plaster-of-Paris  bandage.  A  pad  should  be  put  over  the 
epigastrium,  ^Yhich  can  be  Avithdrawn  when  the  splint  is  firai.  In  the  cases 
recorded  by  Konig,  and  in  Hill's  case  the  results  were  most  satisfactoiy.  Two 
cases  have,  however,  been  recorded,  in  which  the  patient  could  not  bear  the 
bandage,  but  no  harm  w-as  done  by  the  attempt  to  use  it. 

Another  plan  of  treatment,  originally  recommended  by  AYonnald,  is  to  raise 
the  patient  carefully  up,  and  place  beneath  him  a  large  sheet  of  softened 
gutta-percha,  and  so  to  mould  a  splint  to  the  back. 

In  cases  in  ivldch  the  cord  is  injured,  attempts  at  the  reduction  of  the 
fractured  and  displaced  spine  must  not  be  lightly  undertaken.  It  may  prove 
unsuccessful,  greatly  increase  the  sufferings  of  the  patient,  or  hasten  his  death. 
In  cases  of  injury  to  the  lower  cervical  vertebrae,  it  would  rarely,  if  ever,  be 

proper  to  make  such  attempts.  In  the  upper  and  middle 
dorsal  they  would  not  be  likely  to  succeed,  owing  to  the 
want  of  mobility  of  this  part  of  the  column.  In  the  lower 
dorsal  and  lumbar  regions  they  would  be  less  dangerous, 
and  more  likely  to  prove  advantageous. 

All  our  efforts  must  be  directed  to  prolonging  life,  if 
the  fracture  be  in  such  a  situation  (at  any  point  below  the 
upper  dorsal  vertebrae)  as  to  hold  out  a  prospect  of  con- 
tinuance of  life  for  a  few  weeks  or  months.  INIeans  must 
ha  taken  to  prevent  the  occurrence  of  sloughing  of  the 
nates,  an  accident  that  is  commonly  fatal  in  these  cases. 
The  patient  should  be  laid  at  once  on  a  w'ater-bed, 
cushion,  or  mattress,  and  must  be  kept  scrupulously 
clean.  If  possible,  a  mattress  should  be  obtained,  with  a 
''jf'raetuiHro^'X^sphie/'*  Segment  that  will  pull  out  to  admit  the  bed-pan,  or  some 

such  arrangement  to  avoid  disturbance  of  the  spine. 
Every  precaution  should  be  taken  to  prevent  the  supervention  of  cystitis. 
For  this  purpose  the  urine  must  be  drawn  oft"  by  a  catheter,  regularly, 
at  least  twice  in  the  day.  The  catheter  should  be  dipped  in  a  vessel 
containing  a  l-in-20  solution  of  carbolic  acid  before  being  used,  and  oiled  , 
with  carbohc  oil  (1  in  !(»)•  If,  in  spite  of  these  precautions,  ammoniacad 
decomposition  of  the  urine  should  take  place,  the  bladder  must  be  washed  out  . 
with  an  antiseptic  solution  every  time  the  water  is  drawn  oft".  Solution 
of  permanganate  of  potash,  or  three  grains  of  quinine,  with  three  minims 
of  dilute  sulphuric  acid  to  the  ounce  of  water,  Avill  be  found  the  most  efficient 
preparations.  (8ce  Cystitis.)  If,  as  usually  happens  after  a  time,  the  bowels 
become  confined,  relief  must  be  afifbrd'Cd  by  castor-oil  or  turpentine  enemata. 
A  nourishing  diet  must  be  administered  and  perfect  rest  in  one  position 
enjoined.  In  this  way  life  may  be  maintained  for  a  considerable  length  of 
time,  and  bony  union  of  the  fracture  may  sometimes  take  place,  though  the 
patient  may  not  recover  from  the  paralysis,  and  may  die  eventually  from 
disease  of  the  cord.  But  in  some  cases  a  much  more  satisfactory  result  is 
obtained  ;  the  patient  gradually  gains  power  in  the  paralysed  parts.  In  these 
cases  much  assistance  will  be  afforded  him  by  wearing,  as  soon  as  the  fracture 
is  sufficiently  consolidated,  the  apparatus  sliown  in  Fig.  3;n,  consisting  of  a 
firm  pelvic  band,  with  a  strong  iron  rod  shaped  to  the  spine,  and  running  as 
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high  as  the  vertex,  having  padded  traiis\-erse  arms  to  support  tlie  head  and 
shoulders,  and  the  Avhole  attached  to  a  stout  leather-case  moulded  to  the  back 
aud  shoulders.  Sayre's  plaster-of-Paris  jacket  may  be  advantageously  employed 
at  a  later  stage  when  the  patient  is  able  to  bear  suspension. 

Trephining  the  Spine.— As  the  fatal  result  of  fracture  of  the  spine,  with 
compression  of  the  cord  by  the  broken  vertebra,  or  ])y  extravasated  blood,  is 
almost  inevitable,  the  ideahas  naturally  suggested  itself  to  Surgeons  that  life  mighb 
be  prolonged,  and  health  perhaps  restored,  if  the  same  operation  were  extended 
to  the  spine  Avhich  is  successfully  employed  in  parallel  cases  of  injury  of  the- 
head  ;  viz.,  the  elevation  and  removal,  if  necessary,  of  the  depressed  portion  of 
bone.  This  operation,  originally  proposed  by  Heister,  was  first  performed  by 
Louis  and  Cline.  It  may  be  done  as  follows.  The  patient  lying  on  his  face, 
a  free  incision,  several  inches  in  length,  from  three  to  five,  according  to  the 
extent  of  the  injuiy,  is  made  along  the  line  of  the  spinous  processes,  and  the 
muscular  masses  on  each  side  of  the  spine  are  dissected  away,  so  as  to  expose 
the  osseous  surfaces.  'J'he  spinous  processes,  at  the  seat  of  injury,  should  then 
be  successively  seized  with  strong  forceps,  and  gently  but  firmly  moved,  in 
order  to  see  whether  there  be  fracture  at  their  base  or  supporting  arches.  If 
a  portion  of  bone  be  completely  broken  off,  it  may,  after  all  ligamentous 
connections  have  been  severed,  be  raised  by  the  forceps  or  an  elevator. 
Should  one  arch  only  be  broken  through,  the  uninjured  one  may  be  divided  by 
cutting  pliers  or  a  Hey's  saw  ;  or,  should  both  be  unbroken,  the  Surgeon  may,, 
if  he  think  it  prudent  to  proceed  further,  divide  both  in  this  way,  and  so 
remove  them  and  the  spinous  processes,  and  expose  the  theca  of  the  cord,. 
After  the  operation,  the  patient  is  to  be  kept  in  the  prone  position. 

The  results  of  this  operation  are  not  very  encouraging.  It  has  been  per- 
formed by  various  Surgeons  in  different  countries,  but  chiefly  in  America, 
about  thirty  times  ;  and,  although  some  temporary  advantage  seems  to  have- 
'c;curred  in  a  few  of  the  cases,  permanent  recovery  has  resulted  only  in 
one  instance — by  Gordon  of  Whitworth  Hospital,  Dublin  ;  but  qxqw  in  this- 
case  the  paralysis  remained.  But,  though  so  far  the  result  has  been  but  little 
satisfactory,  ought  Surgeons  to  discard  the  operation  ?  I  think  not  ;  because, 
as  fracture  of  the  spine  with  serious  lesion  of  the  cord  cannot  be  recovered 
from,  and  has  an  almost  invariably  fixtal  termination,  and  as  the  evil 
consequences  of  the  fracture  are  dependent  not  only  upon  the  primary 
lesion  of  the  cord,  but  on  the  secondary  inflammatory  processes  set 
lip  ill  it  by  the  continued  irritation  of  the  fractured  fragments,  we  arc 
justified  in  attempting  the  removal  of  this  source  of  certain  misery  and 
impending  death  by  the  only  means  in  our  power — operative  procedure  ,•: 
and  we  are  the  more  justified  in  this  course,  as  the  operation  is  not  neces- 
sarily dangerous,  docs  not  appear  often  to  have  hastened  death,  and  has> 
certainly,  in  some  cases,  afforded  relief,  the  paralytic  symptoms  disappearing; 
to  a  great  extent,  and  the  jiatient  being  able  to  move  liml)S  that  \^•ere  previ- 
ously motionless. 

One  serious  objection  that  has  been  urged  against  the  operation  must  not,, 
however,  be  overlooked.  It  is,  that  in  the  great  majority  of  cases  the  fracture- 
of  a  vertebra  is  through  the  body  and  not  through  the  arches.  This  undoubtedly 
is  so,  and  it  is  this  circumstance  that  has  rendered  the  operation  as  yet  little 
more  than  a  means  of  giving  relief  when  the  cord  is  partially  divided  and 
lacerated  by  being  stretched  over  a  rough  and  jagged  edge  of  the  broken 
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l)ody  of  a  ^■el•tebl•a  thrust  back  against  it.  Little  more  than  temporary  rehef 
can  be  expected  from  the  removal  of  the  pressure  from  behind  by  cutting  away 
the  arches.  But,  when  these  portions  only  of  the  spinal  column  are  fractured  and 
displaced— a  rare  condition  it  is  true— then  permanent  good  may  be  expected 
to  follow  the  oi^eration.  If  signs  of  such  injury  exist,  as  evidenced  by  distor- 
tion or  depression  of  one  or  more  spinous  processes,  it  would  most  certainly  be 
quite  proper  for  the  Surgeon  to  adopt  the  only  means  in  his  power  of  affording 
relief.  The  principal  danger,  and  usual  cause  of  death  after  cutting  away  a 
portion  of  the  spine  is  either  tiie  continuance  of  the  inflammation  excited  by 
the  injury  in  the  cord  and  its  membranes,  or  its  increase  or  production  l^y 
the  operation  itself. 

Dislocations  of  the  Spine.— (Jn  looking  at  the  arrangement  of  the  arti- 
cular surfaces  of  the  vertebra;,  the  very  limited  motion  of  which  they  are 
susceptible,  and  the  way  in  which  they  are  closely  knit  together  by  strong 
ligaments  and  short  and  powerful  muscles,  it  is  obvious  that  dislocations  ol 
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these  bones  must  be  excessively  rare.    So  seldom,  indeed,  do  they  occur  that 
their  existence  has  been  denied  by  many  Surgeons.    Yet  there  are  a  suffi-  • 
cieut  number  of  instances  on  record  to  prove  that  such  accidents  may  happen. 
The  cases  that  have  been  met  with  have  usually  been  associated  with  partial  ! 
fracture,  but  this  complication  is  not  necessary.    In  all,  the  displacement  was  • 
incomplete  ;  and,  indeed,  a  complete  dislocation  cannot  occur.    Fracture  may 
occur  anywhere  in  the  spine,  but  dislocation  M-itliout,  or  with  ^■ery  slight,  , 
fracture  is  met  with  only  in  certain  situations.    Dislocation  of  the  spine  may  ' 
■occm-  in  the  following  parts.    1.  Between  the  occiput  and  atlas.    This  is  very 
rare.    2.  Between  the  atlas  and  axis.    This,  though  rare,  is  much  less  so  than  i 
the  preceding,  and  may  occur  with  or  without  fracture  of  the  odontoid  pro-  - 
■cess ;  and  when  the  odontoid  process  is  broken,  death  at  once  ensues.    3.  Dis- 
location between  the  second  and  third  cervical  vertebrae  is  very  rare — as  rare  as  ~ 
dislocation  between  the  atlas  and  axis.    4.  Dislocation  generally  happens  some- 
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where  between  the  fifth  and  seven tli  ceiTical  v«-tebrie.  ])islocation  without 
fracture  can  scarcely  occur  in  tlie  dorsal  region,  and  there  is  no  recorded  civse 
of  a  pure  dislocation  in  the  lumbar  region. 

In  Fig.  332  we  have  an  instance  of  dislocation  of  the  fifth  from  the  sixth 
cervical  vertebra,  with  the  separation  only  of  a  scale  of  bone  Avhich  was  adherent 
to  the  intervertebral  fibro-cartilagc.  The  patient  had  fallen  on  his  head  from  a 
van  and  died  of  asphyxia  in  twenty-four  hours. 

The  spine  may  be  so  seriously  injured  that  dislocation  is  at  any  moment 
imminent,  and  yet  the  patient  may  live  for  some  days  before  the  displacement 
occurs,  by  which  the  cord  is  compressed.  A  man  was  admitted  into  University 
College  Hospital,  who  had  been  crashed  by  falling  between  the  platform  and  a 
train  in  motion.  Amongst  other  severe  injuries  he  had  paralysis  of  the 
circumflex  and  musculo-spiral  nerves  of  the  left  arm,  but  no  hyperassthcsia. 
On  the  third  day,  whilst  being  moved  in  bed,  his  head  fell  to  one  side,  and  he 
suddenly  died.  On  examination  after  death,  it  was  found  that  the  second 
cervical  vertebra,  carrying  the  atlas  and  head  with  it,  had  been  dislocated  from 
the  third  (Fig.  :>:]:>) ;  the  connecting  ligaments  being  completely  torn  through 
on  the  left  side,  so  that  the  head  falling  to  one  side  had  caused  fatal  compression 
of  the  cord. 

Dislocation  of  the  Occipital  Bone  from  the  Atlas  has  been  described 
in  two  instances  only — by  Lassus  and  by  Paletta.  In  the  case  by  Lassus, 
death  ensued  in  six  hours,  and  the  right  vertebral  artery  was  found  to  be  rup- 
tured. In  the  other  case,  the  patient  is  said  to  liaA'e  liA'ed  for  five  days,  but 
the  report  is  so  incomplete  that  little  value  can  be  attached  to  it. 

Dislocation  of  the  Atlas  from  the  Axis  is  of  more  frequent  occurrence. 
It  may  happen  with  or  without  fracture  of  the  odontoid  process.  In  either 
case,  the  atlas  is  carried  forwards  and  the  spinal  cord  thus  compressed.  This- 
accident  is  said  to  have  been  caused  by  a  person  in  play  lifting  a  child  off  the 
ground  by  its  head  ;  the  combination  of  rotation  and  traction  in  this  move- 
ment being  especially  liable  to  occasion  the  accident.  For  the  same  reason,, 
it  has  been  met  with  in  those  who  have  been  executed  by  hanging.  Death 
would  probal)ly  be  instantaneous  in  these  circumstances.  It  has,  however,, 
been  stated  that,  in  dislocations  of  this  kind,  life  has  been  saved  by  the  Surgeon 
placing  his  knees  against  the  patient's  shoulders,  and  drawing  or  twisting  the 
head  into  position.  This,  however,  I  cannot  belicA'c  possible  if  the  displace- 
ment have  been  complete,  as  death  must  be  instantaneous,  the  cases  of 
supposed  dislocation  and  reduction  having  probably  been  instances  of  con- 
cussion of  the  cord  with  sprain  of  the  neck. 

Dislocation  of  any  one  of  the  five  Lower  Cervical  Vertebrae  may 
occur.  The  third  vertebra  is  least  frequently  dislocated  ;  the  fifth  is  more 
commonly  displaced  (Fig.  332).  These  injuries  are  usually  associated  with 
fracture  ;  sometinies,  though  rarely,  they  happen  without  this  complication. 
In  these  dislocations,  as  in  those  that  have  already  been  described,  the  dis- 
placed bone  carries  with  it  the  whole  of  that  portion  of  the  vertebral 
column  which  is  above  it. 

In  dislocations,  the  articulations  between  the  two  vertebni^  are  torn  open.. 
The  supraspinous  and  interspinous  ligaments,  the  ligamenta  subflava,  and  the 
common  posterior  ligament,  are  torn  through,  so  that  the  sjiinal  canal  is  opened. 
The  intervertebral  fibro-cartilage  may  ])e  torn,  or  it  may  be  entire,  a  scale  of 
the  body  of  the  subjacent  vertebra  being  detached  with  it.    AVhen  tlie  spine 
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above  the  dislocated  part  is  bent  forwards,  a  wide  gap  is  visible  posteriorly, 
at  the  seat  of  injur  v. 

Cannes. — Tlie  causes  of  dislocation  arc  numerous,  and  the  following  may  be 
given  as  examples.  A  person  standing  in  a  cart  and  driving  under  an  archway 
finds,  too  late,  that  he  is  too  tall  to  clear  the  archway  ;  he  bends  forwards,  but, 
miscalculating  the  distance,  his  head  is  pressed  violently  downwards.  A  per- 
son takes  a  lieader  into  shallow  water  ;  his  head  comes  against  the  bottom, 
is  forcibly  Hexed,  and  his  spine  is  broken  or  dislocated.  Sucli  accidents  are 
not  very  unfi'cquent.  I  have  seen  several  cases  of  paralysis,  as  well  as  of  death, 
resulting  from  this  kind  of  accident. 

These  accidents  most  commonly  hajipen  from  forcible  flexion  of  the  neck 
though  traction  and  rotation  conjoined  have  occasioned  them.  In  a 
case  of  luxation  of  the  sixth  and  seventh  cervical  vertebn^,  recorded  by  J. 
Roux,  the  accident  happened  to  a  sailor  plunging  into  the  se.i  for  the  purpose 
•of  bathing,  and  coming  head  foremost  against  a  sail  which  had  been  spread  out 
to  prevent  the  attack  of  sharks  ;  he  died  on  the  fourth  day.  In  a  patient  of 
mine,  who  fell  out  of  a  window  in  such  a  way  that  the  head  was  doubled  for- 
wards upon  the  chest,  and  who  was  brought  to  the  Hospital  with  sujjposed 
fracture  of  the  spine,  we  fomid  after  death,  which  occuiTed  on  the  fifth  day, 
that  the  seventh  cervical  vertebra,  carrying  with  it  the  upper  portion  of  the 
spine  and  the  head,  had  Ijcch  dislocated  forwards  from  the  first  dorsal,  of  the 
intervertebral  substance,  detaching  with  it  an  extremely  thin  and  small  layer 
of  bone  from  the  body  of  the  seventh  vertebra.  There  was  a  wide  gap 
posteriorly  between  the  laminas.  There  was  no  fracture  about  the  articular 
processes,  which  were  completely  separated  from  one  another.  In  the 
instance  already  referred  to,  iu  which  a  man  fell  on  his  head  from  a  van,  and 
death  resulted  in  24  hours,  a  similar  displacement  was  found  of  the  fifth  from 
the  sixth  cervical  vertebra,  with  compression  of  and  htBuiorrhage  into  the 
substance  of  the  medulla,  and  disorganization  of  it  to  the  extent  of  nearly 
an  inch  opposite  the  seat  of  dislocation,  where  it  had  been  injui'ed  by  the 
forward  pressure  of  the  dislocated  vertebra. 

In  the  Dorsal  Region,  dislocation  of  the  spine,  though  excessively  rare 
may  occur  ;  seldom,  however,  without  being  accompanied  by  fracture.  The 
kst  dorsal  vertebra  has  been  several  times  found  dislocated  from  the  first 
lumbar  Avith  rupture  of  the  intervertebral  fibro-cartilage.  In  these  cases, 
however,  there  has  usually  been  found  fracture  of  the  transverse  processes  of ' 
the  first  lumbar  vertebra,  or,  as  in  an  instance  recorded  by  Sir  C.  Bell,  fracture 
of  its  body. 

I  am  not  acquainted  with  any  case  in  which  dislocation  without  fracture  of " 
the  Lumbar  spine  has  been  observed. 

The  Symptoms  presented  by  dislocation  of  the  spine  are,  like  those  of 
fracture,  dependent  on  the  degree  and  seat  of  the  injury  inflicted  on  the  spinal 
cord.    And  death  will  ensue  at  varying  periods,  according  to  whether  the 
dislocation  be  above  or  below  the  origin  of  the  phrenic  nerves,  in  accordance 
with  those  rules  that  have  been  laid  down  at  p.  78f;. 

The  Diagnosis  between  a  dislocation  and  a  fi-acture  of  the  cervical  spine 
is  not  easily  made.  But  there  is  one  symptom  which,  according  as  it  is  present 
or  not,  may  throw  much  light  on  this  point.  It  is  the  occurrence  of  pain, 
amounting  to  hypera3sthesia,  along  the  line  of  junction  between  the  paralysed 
and  unparalysed  parts.    In  fracture  this  will  commonly  be  found  to  be  present 
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(p.  701).  Ill  dislocation,  where  the  nerves  arc  not  irritated  or  lacerated  in 
their  exit  throuo;h  the  spinal  column,  it  is  absent. 

The  Treatment  of  dislocation  of  the  spine  resembles  in  all  important 
respects  that  of  Fracture  of  the  vertebral  column.  Reduction  has,  however, 
been  effected  in  a  sufficient  number  of  cases  to  justify  the  attempt  being  made 
•when  the  danu'er  is  imminent. 

Dislocation  of  the  Transverse  Process  of  the  Cervical  Vertebrae 
occasionally  occurs.  The  patient,  after  a  sudden  movement,  or  a  tall  on  the  head, 
feels  much  pain  and  stitfness  in  the  neck,  the  head  beiug  fixed  immovably,  and 
turned  to  the  side  opposite  to  that  o\\  which  the  displacement  has  occurred. 
In  these  cases  T  have  known  Reduction  effected  by  the  Surgeon  placing  his 
knees  against  the  patient's  shoulders,  drawing  on  the  head,  and  then  turning  it 
into  position,  the  return  being  effected  with  a  distinct  snap. 

Wound  of  the  Theca  Vertebralis. — Holmes  has  recorded  two  cases  in 
which  this  accident  happened  from  the  stab  of  a  penknife  in  the  lumbar  region, 
one  of  whom  died.  The  only  cliaracteristic  sign  Avas  the  escape  of  cerebro- 
fipinal  fluid  in  large  quantities  from  the  wound. 
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INJURIES  OF  THE  FACE  AND  ADJACENT  FARTS. 

Face. — Cuts  about  the  Cheelt-s  and  Forehmd  are  of  common  occmTcnce. 
These  injuries  present  notliiug-  peculiar,  except  that  the  structures  of  the  face 
show  the  same  ready  disposition  to  repair  that  characterizes  the  scalj)  when 
injured. 

In  the  Treatmont  of  these  wounds,  it  is  of  much  consequence  to  have  as 
little  scarring  as  possible.  The  edges,  after  l)cing  Avell  cleaned,  should  be 
brought  neatly  into  apposition  by  fine  hare-lip  pins  and  twisted  suture,  or  by 
one  or  more  wire  sutures  deeply  applied  to  take  the  chief  strain,  and  a  number  • 
of  fine  horsehair  interrupted  sutures  to  bring  the  edges  in  accm-ate  apposition. 
If  the  wound  penetrate  to  the  nose  or  mouth,  so  that  there  will  be  sufficient 
drainage  from  the  mucous  surface,  the  skiii  may  be  covered  with  collodion. 

"When  the  wound  is  in  the  neighbourhood  of  the  eyelids,  especial  care  must 
be  taken  to  prevent  any  loss  of  substance,  lest  the  contraction  of  the  cicatrix 
produce  eversion  of  the  lid.  In  those  cases  in  which  a  portion  of  the  nose  or  lip  ■ 
has  been  lost,  much  may  be  done  to  repair  the  deformity  by  properly  conducted 
plastic  operations,  such  as  will  be  described  in  Chapter  LVIII.  The  bleeding, 
which  is  usually  very  free  in  wounds  of  the  face,  in  consequence  of  the  division 
of  some  arterial  branch,  may  often  be  arrested  by  passing  the  hare-lip  pin 
under  the  vessel,  and  applying  the  twisted  suture  above  it,  so  that  it  may  bo 
compressed. 

If  the  Lqi  U  cut  from  wUliin,  by  being  struck  against  the  teeth,  the- 
coronary  artery  may  be  divided,  the  patient  swallowing  the  blood  that  flows; 
into  the  mouth.  Some  years  ago,  a  man  was  brought  to  the  Hospital,  drunk, . 
and  much  bruised  about  the  face.  Shortly  after  his  admission  he  vomited  i 
a  large  quantity  of  blood,  which  was  at  first  supposed  to  proceed  fi-ora  some' 
internal  injury  :  but,  on  examining  his  mouth,  it  was  found  that  the  blood! 
came  from  the  coronary  artery  of  the  lip,  which  was  divided  with  the  mucous; 
membrane. 

Parotid  Duct.— It  occasionally  happens  in  wounds  of  the  cheek  that  the 
parotid  duct  is  divided,  in  consequence  of  which  the  wound  does  not  close,  and  1 
a  trickling  of  saliva  takes  place  upon  the  outside  of  the  cheek;  a  Salivary 
Fistula,  a  source  of  much  disfigurement  ajid  inconvenience,  being  established. . 
The  surface  surrounding  it  is  puckered  and  somewhat  excoriated,  and  the  fistula  i 
opens  by  a  granulating  aperture. 

If  from  its  anatomical  situation  a  wound  is  known  to  have  divided  the 
parotid  duct,  the  formation  of  a  fistula  may  be  prevented  by  brino-inp-  the  skin 
surface  accurately  together,  leaving  the  nmcous  aspect  of  the  wound  freely 
open  and  covering  the  surface  with  a  piece  of  lint  dipped  in  collodion.  If  the 
divided  ends  of  the  duct  can  be  seen  in  the  wound  it  has  been  recommended 
to  pass  one  end  of  a  fine  piece  of  silver  wire  down  into  the  mouth  and  the 
other  up  the  duct  towards  the  parotid  for  a  short  distance  and  then  throuo-h 
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the  mucous  membrane  into  the  mouth  ;  tlie  two  ends  are  tlnsn  knotted  together 
inside  the  mouth  and  the  external  wound  closed.  By  this  nieans  the  continuity 
of  the  duct  is  maintained  while  the  wound  heals,  and  at  the  end  of  a  week  the 
silver  wire  may  be  withdrawn  by  dividing  the  loop  in  the  mouth.  Should  a 
fistula  form  it  must  be  treated  by  the  ope)-ation  that  will  be  described  in 
Chapter  LV. 

Besides  fistula  of  the  Stenouian  duct,  otiier  fistulous  apertures  may  occur 
in  the  cheek,  as  the  result  of  injury  or  disease,  allowing  the  'escape  of  a  small 
quantity  of  saliva.    These  openings  are  always  closed  with  difiiculty  :  the 
edges  becoming  callous,  and  not  readily  taking  on  reparative 
action.    Closure  may  be  effected  in  some  cases  by  cauteriza- 
tion with  nitrate  of  silver,  or  with  a  red-hot  wive,  due  atten- 
tion being  paid  to  the  general  health.    In  other  cases,  the 
electric  cautery  may  prove  successful.     If,  however,  the 
opening  be  free,  with  much  indurated  structure  about  it,  it 
may  be  necessary  to  excise  a  portion  of  the  edges  before 
bringing  them  together. 

Nose. — Foreign  Bodies,  such  as  pebbles,  beads,  dried 
peas,  &c.,  are  occasionally  met  with  in  the  nostrils  of  chil- 
dren, having  been  stuffed  up  in  play  and  become  so  firmly 
fixed  as  to  require  extraction  by  the  Surgeon.  In  most 
cases  a  bent  probe  or  an  ear-scoop  will  remove  the  impacted 
body  most  easily.  If  it  be  large  and  soft  it  may  often  be 
easily  removed  with  a  pair  of  forceps,  but  a  hard  smooth 
body  is  almost  sure  to  be  pushed  further  up  with  these 
instruments.  It  is  always  best  to  administer  an  anaBsthetic, 
otherwise  the  involuntary  movements  of  the  child  will  greatly 
add  to  the  difficulties  of  the  Surgeon.  If  the  body  be  not 
removed  it  may  give  rise  to  chronic  purulent  catarrh  or  even 
to  disease  of  the  bones. 

The  Ears  are  not  unfrequently  iiwunded  in  injuries  of  the 
head  and  scalp  ;  a  portion  of  the  external  ear  being  some- 
times torn  down  and  hanging  over  the  side  of  the  face.  In 
these  cases,  as  in  scalp-injuries,  the  part  should  never  be 
removed,  but,  however  lacerated  and  contused,  should  be 
cleaned  and  replaced  by  means  of  a  few  points  of  suture. 
When  the  cartilaginous  portion  of  the  ear  is  divided,  nice 
management  is  usually  required  in  effecting  perfect  union. 

Foreign  Bodies  are  often  pushed  into  the  ears  of  children.  When  pointed 
or  angular,  such  as  pieces  of  stick,  they  may  readily  be  extracted  with  forceps 
provided  they  can  be  clearly  seen  ;  but  when  round  and  small,  such  as  pebbles 
or  beads,  they  are  not  so  easily  removed. 

The  foreign  body  may  occasionally  be  removed  by  passing  the  bent  ear- 
scoop  round  it.  In  some  cases  I  have  found  an  instrument  (Fig.  334)  made 
by  Coxeter  on  the  model  of  Civiale's  urethral  scoop,  useful  in  extracting  a 
foreign  body  from  the  ear.  It  can  be  introduced  straight  and  passed  beyond 
the  body,  when,  by  the  action  of  a  screw  in  the  handle,  the  scoop  is  curved 
forwards,  and  so  enables  extraction  to  be  readily  effected.  But,  as  a  rule,  it  is 
bad  practice  to  attempt  to  remove  foreign  bodies  from  the  ear  by  means  of 
instruments  ;  in  the  majority  of  cases  the  oifending  body  is  best  removed  by 
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forcibly  syringing  tlic  ear  witli  tepid  water,  injected  by  means  of  a  large  bras.- 
syringe  in  a  full  stream,  the  pinna  being  drawn  up  so  as  to  straighten  the 
external  meatus.  In  this  way  the  bead  or  pebble  is  soon  washed  out  by  the 
reflux  of  the  water  striking  against  the  tympanum.  It  may  be  laid  down  as  a 
good  general  rule,  that  if  around  or  oval  body  cannot  be  dislodged  by  sp'inging 
ft  will  not  be  removed  by  instruments,  and  if  the  proper  use  of  the  syringe  do 
not  suffice,  it  is  better  to  leave  matters  alone,  and  to  allow  the  foreign  body 
to  become  loosened  when  it  can  be  easily  syringed  out,  than  to  poke  insti-u- 
ments  into  the  ear  with  the  view  of  forcibly  extracting  it.  These  attempts  are 
ill-advised ;  and  I  have  known  death  from  inflammation  and  suppuration  in 
the  middle  ear  extending  to  the  meninges  of  the  brain,  to  follow  from  prolonged 
and  unsuccessful  efforts  at  the  extraction  of  a  pebble  from  the  ear. 

Orbit.— Injuries  of  the  Orbit  may  be  dangerous,  either  to  the  brain  or 
to  the  eye.  If  wounds  be  deep  and  directed  upwards,  they  are  always  serioas, 
on  account  of  the  proximity  of  the  brain  ;  thus  a  pointed  body,  such  as  a 
piece  of  stick,  the  end  of  an  umbrella,  or  a  knife  thrust  into  the  orbit,  may 
perforate  its  superior  wall,  and  produce  a  fatal  wound  of  the  brain.  The  injury 
to  the  brain  through  the  orbital  plate  of  the  frontal  bone  may  be  fatal  by  the 
cerebral  inflammation  that  is  induced  :  or  the  thrust  may  extend  deeply,  and, 
lacerating  the  internal  carotid  artery,  occasion  fatal  haemorrhage.  In  one 
remarkable  case  recorded  by  Nelaton,  a  young  man  was  wounded  by  the  thiiist 
of  the  point  of  an  umbrella  in  the  orbit ;  the  cavernous  sinus  and  internal 
carotid  arteiy  on  the  opposite  side  were  wounded,  an  arterio-venous  aneurism 
formed,  the  eyeball  became  prominent,  and  death  from  hffimorrhage  eventually 
resulted  from  the  giving  way  of  the  aneurism.  Occasionally  inflammation  is 
set  up  in  the  loose  fat  of  the  orbit,  giving  rise  to  abscess  which  may  point  in 
either  eyelid  ;  or  to  inflammation  which  may  extend  to  the  membranes  of  the 
brain.  In  other  cases,  wounds  of  the  orbit  may  be  followed  by  loss  of  vision^ 
without  the  eyeball  being  touched  ;  either  in  consequence  of  injury  of  the 
optic  nerve,  or  at  a  later  period  from  the  division  of  some  of  the  other  nerves- 
of  the  orbit  producing  sympathetic  amaurosis,  as  occasionally  happens  even 
fr'om  ordinary  wounds  of  the  face  imphcating  some  of  the  terminal  branches 
of  the  fifth  pair. 

Eye. — Injuries  of  the  Conjunctiva. — A  foreign  body  under  the  lids  on 
the  surface  of  the  conjunctiva  gives  rise,  as  every  one  knows,  to  the  most 
intense  and  painful  irritation,  accompanied  by  injection  of  the  conjunctival 
vessels,  an  increased  flow  of  tears,  and  some  swelling  of  the  membrane.  More 
severe  effects  are  produced  by  lime  ;  caustic  fluids  or  heated  metal  produce  ■ 
more  serious  effects.  If  they  actually  destroy  the  epithelial  surface  adhesion 
may  form  between  the  lids,  and  opacity  of  the  cornea,  causing  total  blindness^ . 
may  result. 

In  order  to  remove  foreign  bodies  lodged  between  the  ball  and  the  eye- 
lids,  the  latter  must  be  everted  so  that  the  angle  between  the  palpebral  and  I 
the  ocular  conjunctiva  may  be  properly  examined.  For  this  purpose  the- 
lower  eyelid  need  only  be  drawn  down,  whilst  the  patient  is  directed  to  look : 
up  ;  but  the  eversion  of  the  upper  eyelid  requires  some  skill.  It  is  best : 
effected  by  laying  a  probe  horizontally  across  it,  immediately  above  the  tarsal 
cartilage  ;  the  Surgeon  then,  taking  the  eyelashes,  in  the  middle  of  the  lid, . 
lightly  between  his  finger  and  thumb,  draws  the  eyelid  downwards  and  for-  • 
wards,  at  the  same  time  that  he  everts  it  by  pressing  the  probe  firmly  backwards  ^ 
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mid  downwards  agaiiisfc  the  eyeball.  The  lid  may  also  be  everted  without 
using-  a  probe.  The  method  of  so  doing  is  thus  described  by  Strcatfeild.  The 
Surgeon,  standing  before  the  patient,  places  the  end  of  his  forefinger  sideways 
on  the  lid  near  its  outer  edge,  without  involving  any  folds  of  loose  skin  ;  and 
pressing  a  little  on  the  eye,  makes  the  lid  slide  downwards,  as  far  as  possible, 
over  the  lower  lid.  The  lid  (not  the  lashes)  is  then  seized  firmly  by  the  end 
of  the  thumb  applied  sideways  ;  and  the  end  of  the  forefinger  is  turned  down- 
wards, while  the  lid  is  held  fii-mly  by  the  thumb  and  finger.  The  lid  is  thus 
everted  (Fig.  335).  The  little  operation  cannot,  however,  be  always  done  the 
first  time  it  is  attempted.  The  patient  may  move  back  his  head  just  as  the 
turn  is  to  be  completed  (therefore  the  head  of  the  patient  must  be  steadied  by 
being  placed  against  the  wall,  or  the  back  of  his  chair,  or  by  the  other  hand 
behind  it)  ;  or  the  Ud  is  not  secured  between  the  finger  and  thumb  before  the 
eversion  is  attempted  ;  or  the  lashes 
only  and  not  the  lid  are  held ;  or  one 
fears  to  press  the  forefinger  sufficiently 
into  the  eye  to  effect  the  eversion.  It 
is  very  much  more  difficult  if  the 
patient  be  fat,  or  the  eye  deeply  set. 
When  the  lid  is  everted  the  patient 
should  look  dow^n  in  order  that  the 
whole  of  the  upper  part  of  the  con- 
junctiva, where  the  foreign  body  will 
probably  be  found,  may  be  carefully 

examined.    If  it  be  dirt  or  lime  that    i^s- ^^s.-Evmicm  of  upper  m 
has  to  be  removed,  this  is  best  done  by 

a  small  scoop,  after  which  the  conjunctiva  may  be  gently  washed  with  a  stream 
of  water.  A  drop  of  olive-  or  castor-oil  may  then  be  put  into  the  eye  and 
the  lids  closed  and  covered  with  a  pad  of  wet  lint. 

The  conjunctiva  may  also  be  lacerated  by  scratches  or  contused  by  blows. 
These  injuries  are  accompanied  by  extravasation  of  blood  beneath  the  mem- 
brane. At  the  same  time  there  is  often  extravasation  into  the  skin  of  the  lids. 
A  "  black  eye  "  is  best  treated  by  the  continuous  application  of  a  weak  spirit 
lotion. 

Injuries  of  the  Eyeball  are  so  commonly  followed  by  impairment  or  total 
loss  of  vision,  as  to  constitute  a  most  important  series  of  accidents  ;  the  deli- 
cacy of  the  structure  of  this  organ  being  such,  that  injury  of  it  is  often  fol- 
lowed by  complete  opacity  of  the  lens  or  other  media  and  loss  of  sight.  The 
impairment  of  vision  may  be  the  result  of  direct  violence  applied  to  the  organ, 
injuring  its  more  transparent  pai'ts  or  displacing  the  lens  ;  or  it  may  arise  in- 
directly from  various  causes  which  will  be  presently  described. 

The  injuries  of  the  eye  produced  by  direct  violence,  may  be  divided  into 
contusions  and  wounds. 

Contusion  of  the  Eyeball,  without  rupture  or  apparent  superficial  in  jmy, 
may  give  rise  to  temporary  or  permanent  blindness  from  hemorrhage  fi"om 
the  retina,  due  to  the  concussion.  This  condition  is  easily  recognizable  by  the 
ophthalmoscope. 

Contusions  of  the  Eye  with  Rupture  of  some  of  the  Structures 
of  the  Ball  is  a  most  serious  accident.  Most  frequently  the  injury  is  in- 
ternal, the  outer  tissues  escaping  injury.    In  this  case  we  may  have  an  extra- 
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vasatioii  of  blood  into  tlie  eyeball,  completely  filling  the  anterior  chambei-, 
hiding  and  complicating  the  deeper  mischief  within  the  globe.  In  other  cases 
there  may  be  ligemorrhage  into  the  vitreous  body,  with  or  without  detachment 
of  the  retina.  This  condition,  termed  hmmophfhalmia,  is  frequently  associated 
with  separation  of  the  ciliary  margin  of  the  iris.  In  other  cases,  the  crystal- 
line lens  may  be  driven  backwards  into  the  vitreous  humour,  or  forward? 
into  the  pupillary  aperture,  or  the  anterior  chamber.  In  more  severe  contu- 
sions the  cornea  may  be  ruptured,  or,  more  commonly,  the  sclerotic  gives  way. 
the  vitreous  body  escaping,  and  vision  being  permanently  destroyed.  In  some 
rare  cases,  the  lens  is  displaced  through  a  rent  in  the  sclerotic,  and  lies  under 
the  conjunctiva.  The  exact  nature  of  all  these  injuries  is  necessarily  more  or 
less  concealed  at  first  by  the  extravasated  blood.  As  a  consequence  of  such  \ 
injuries,  the  eye  usually  becomes  inflamed,  with  intense  frontal  and  circum-  f 
orbital  pain  ;  disorganization  of  the  ball  ultimately  ensuing.  , 

The  Treatment  of  these  accidents  varies  with  the  degree  of  injury.  Perfect  fc 
rest  of  the  eye  is  essential  ;  for  this  purpose,  both  eyes  must  be  closed  for  foui'  ', 
or  five  days,  after  which  it  may  sufiice  to  close  the  injured  eye  only.  If  the 
globe  is  not  ruptured,  all  that  can  be  done  is  to  apply  a  pad  of  wet  lint  over 
the  eye,  and  leave  the  cure  as  far  as  possible  to  nature.  The  patient  should 
be  kept  quiet  and  on  moderate  diet.  If  there  be  much  pain,  a  few  leeches 
may  be  applied  to  the  temple,  but  the  repeated  general  blood-letting  and  the 
free  administration  of  calomel  and  opium,  formerly  recommended,  are  now  uni- 
versally recognized  as  being  not  only  useless,  but  positively  injurious.  The 
bowels  must  be  regulated  by  the  administration  of  purgatives  when  necessary. 
In  some  cases  opaque  masses  and  bands  of  adhesions  will  be  formed  in  the 
anterior  chamber  or  the  pupillary  aperture,  preventing  the  entry  of  light  more 
or  less  completely.  If  the  lens  be  displaced  it  should  be  left  till  the  early  in- 
flammation has  subsided.  If  it  be  in  the  anterior  chamber,  it  may  require 
removal,  and  the  same  may  be  necessary  should  it  become  opaque  at  a  later 
period,  even  if  it  have  not  been  displaced.  If  the  cornea  or  sclerotic  be  rup- 
tured, any  protruding  iris  or  choroid  must  be  replaced  if  possible,  and  the  eye 
closed  and  covered  with  a  pad  of  wet  boracic  acid  lint,  which  must  be  fre- 
quently changed.  The  injury  is  often  followed  by  inflammation  and  suppura- 
tion of  the  eyeball,  necessitating  removal  of  the  globe. 

Wounds  of  the  Eyeball  may  be  divided  into  those  that  are  merely  super- 
ficial, and  do  not  penetrate  into  its  chambers  ;  and  those  that  perforate  its 
coats. 

Non-penetrating  Wounds. — Superficial  abrasions  of  the  cornea  or  wounds  ■ 
raising  a  small  flap  of  its  epithehal  covering,  such  as  may  sometimes  be  in-  ■ 
flicted  by  scratches  of  the  eyeball  with  the  nails  of  children,  are  extremely  • 
painfiil  and  troublesome.  Splinters  of  iron,  or  other  metallic  bodies,  often  i 
become  fixed  in  the  cornea,  and  cause  constant  irritation  till  they  are  removed. . 

In  the  Treatment  of  these  superficial  injuries,  the  first  point  is  to  ascertain  i 
Avhether  the  symptoms  are  due  to  a  simple  abrasion  or  to  the  lodgment  of  ai 
foreign  body.   If  it  be  a  simple  abrasion,  the  symptoms  will  be  at  once  greatly 
relieved  by  patting  a  drop  of  castor-oil  in  the  eye.    If  a  foreign  body  be. 
detected,  it  must  at  once  be  removed.    If  it  be  fixed  in  the  cornea,  as  com- 
monly happens,  it  may  be  picked  off  with  the  point  of  a  lancet  or  cataract-  - 
needle,  or  a  "  spud."    If  it  be  a  fragment  of  iron,  it  can  often  be  easily 
removed  by  means  of  a  common  magnet ;  but  if  it  be  more  deeply  imbedded, , 
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the  plan  successfully  adopted  by  McHardy  of  employing  an  extremely  powerful 
electro-magnet,  will  be  found  very  efficacious.  It  is  well  to  bear  in  mind  that 
a  splinter  of  iron  often  leaves  a  small  brown  stain,  which,  however,  usually 
disappears  in  the  course  of  a  few  days. 

Penetrating  Wounds  of  the  Eyeball  present  great  variety  ;  they  may 
be  incised,  as  those  inflicted  by  bits  of  glass,  or  knives,  or  they  may  be  punc- 
tured, as  by  bits  of  sharp  stick,  or  steel  pens,  or  they  may  be  made,  as  uot 
uufi-equently  happens  during  the  shooting  season,  by  the  lodgment  of  stray 
shot.  In  iron  works,  small  splinters  of  metal  not  unfrequently  penetrate  the 
cornea.  In  all  cases  these  accidents  are  highly  dangerous  to  vision,  but  this 
is  especially  the  case  if  the  foreign  body  lodge  in  a  part  of  the  eye  from  which 
it  cannot  be  extracted  ;  sight  is  then  usually  lost.  The  danger  of  incised 
wounds  usually  arises  either  from  the  eye  being  opened  to  such  an  extent  that 
the  humours  escape,  or  else  that,  the  iris  becoming  engaged  in  a  wound  of  the 
cornea,  a  hernial  prolapse  of  it  occurs.  The  more  remote  effects  arise  from 
the  occurrence  of  inflammation  and  suppuration  extending  to  the  whole  globe, 
leading  to  complete  disorganization  of  the  eyeball  ;  or  supposing  this  be 
avoided,  there  may  be  an  opaque  cicatrix  in  the  cornea,  or  opacity  of  the  lens 
or  its  capsule  ;  or  else  adhesions  may  form,  stretching  across  the  pupil  and 
adhering  to  the  capsule  of  the  lens,  or  between  the  iris  and  the  cornea. 

The  Treatment  of  penetrating  wounds  must  be  conducted  on  the  same  prin- 
ciples as  rupture  of  the  coats.  If  the  iris  have  protruded  through  a  wound  iu 
the  cornea,  it  should  be  carefully  pushed  back,  and  a  drop  or  two  of  the  solu- 
tion of  atropine  put  upon  the  eye.  If  it  cannot  be  returned,  it  may  be  removed 
with  a  pair  of  fine  curved  scissors  (Fig.  340)  ;  and,  at  a  later  period,  any 
staphylomatous  tumour  that  may  form  should  be  touched  repeatedly  with  a 
pointed  piece  of  nitrate  of  silver.  In  clean  wounds  extending  into  the 
sclerotic,  it  may  be  necessary  to  introduce  a  fine  silk  suture.  If  the  lens  or  its 
capsule  have  become  opaque,  thus  fonning  traumatic  cataract,  extraction  may 
be  required  at  a  later  period  of  the  case. 

If  the  eye  be  so  extensively  opened  or  deeply  injured  that  vision  is  inse- 
parably lost,  and  extensive  suppurative  inflammation  in  it  and  in  the  structures 
of  the  orbit  is  threatened,  the  sooner  the  globe  is  extirpated  the  better ;  the 
patient  being  thus  saved  much  local  and  constitutional  disturbance,  and  the 
danger  of  sympathetic  affection  of  the  other  eye  being  diminished. 

Indirect  Injury  of  the  Eye  often  follows  injuries  of  the  nervous  system. 
Thus  impairment  of  vision  may  be  produced  by  concussion  of  the  eye-ball 
through  blows  on  the  head  ;  by  injuries  of  the  face  implicating  the  fifth  pair 
of  nerves  ;  by  injury  of  the  spine  ;  or  by  injury  of  the  sympathetic. 

Concussion  of  the  Eye  may  be  produced  by  a  direct  blow  on  the  organ  ; 
or  it  may  be  the  result  of  a  blow  on  some  other  part  of  the  head  or  face.  In 
the  latter  case,  the  injury  is  dependent  on  the  transmission  of  the  force  through 
the  bones  of  the  head  or  face  to  the  structures  within  the  orbit.  The  resulting 
impairment  of  vision  is  at  its  worst  at  the  moment  of  the  injury,  and  either 
slowly  disappears,  or  becomes  permanent  in  consequence  of  the  development  of 
structural  changes  in  the  eye.  That  indirect  violence  may  produce  serious 
lesion  of  the  eye,  is  evident  from  the  fact  that  the  lens  has  been  in  this  way 
dislocated  without  any  direct  injury  having  been  inflicted  on  the  eye  itself. 
Deyber  relates  a  case  in  which  cataract  was  induced  by  a  wound  of  the 
eyebrow  from  a  stone,  the  eye  itself  being  otherwise  uninjured  :  and  I  have 
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seen  cataract  occur  in  an  otherwise  healthy  woman  aged  40,  tliree  or  four 
months  after  the  receipt  of  a  blow  on  the  malar  bone  in  a  railway  collision. 
It  also  often  hajjpens  that,  in  cases  of  a  general  shock  to  the  system,  obscuration 
and  impairment  of  vision  gradually  manifest  themselves.    (See  p.  776  et  seq.) 

When  impairment  of  vision  remains  permanent,  or  is  gradually  developed, 
after  concussion,  it  is  due  to  interference  with  the  nutrition  of  the  structures 
of  the  eye.  In  such  cases,  atrophy  of  the  optic  disc  may  often  be  discovered 
by  ophthalmoscopic  examination.  The  development  of  cataract  after  blows 
on  the  eyebrow  or  cheek  is  to  be  accounted  for  by  the  frontal  or  infraorbital 
branches  of  the  fifth  nerve  being  implicated  and  irritated,  so  as  to  impair  the 
nutrition  of  the  globe. 

The  eye  may  suflFer  also  in  consequence  of  "Wound  or  Irritation  of  the 
Branches  of  the  Fifth  Pair  of  Nerves.*  This  has  long  been  observed. 
Hippocrates  speaks  of  loss  of  vision  consequent  on  wounds  of  the  eyebrow  ; 
and  makes  the  very  accurate  observation,  that  the  impairment  is  less  when 
the  wound  is  recent,  but  increases  as  cicatrization  advances.  Fabricius 
Hildanus  and  La  Motte  relate  cases  in  which  blindness  followed  wounds  of 
the  outer  angle  of  the  orbit.  Morgagiii  relates  the  case  of  a  lady  who,  in 
consequence  of  the  overturning  of  a  carriage,  was  wounded  by  some  splinters 
of  glass  in  the  upper  eyelid.  The  eyeball  was  iminjured  :  hnt  vision  became 
gradually  impaired,  and  was  almost  lost  by  the  fortieth  day  after  the  accident. 

It  is  by  no  means  necessary  for  the  production  of  impaired  vision  after  injury 
of  parts  of  the  fifth  nerve,  that  there  should  be  an  actual  wound :  a  simple 
contusion  is  sufficient.  Wardrop  states  that  it  is  only  where  the  frontal  nerve 
is  wounded  or  injured  and  not  divided,  that  amaurosis  takes  place.  Indeed,  in 
some  cases,  amaurosis  has  been  cured  by  division  of  the  nerve  after  its  partial 
injury.  That  it  is  the  irritation,  and  not  complete  division  of  the  nerve,  that 
leads  to  loss  of  vision,  is  in  accordance  with  the  view  of  Browu-Sequard,  that 
the  immediate  effects  of  section  of  a  nerve  are  very  different  from  those  w'hich 
are  observed  as  the  result  of  its  irritation. 

The  loss  of  \asion  may  come  on  instantaneously,  as  in  a  case  related  by 
Wardrop  of  a  sailor  struck  by  a  ramrod  on  the  eyebrow  ;  after  a  few  days,  as 
in  a  case  recorded  by  Chelius  where  the  loss  of  ^^sion  came  on  eight  days  after 
a  blow  in  the  eyebrow  ;  or  after  a  longer  lapse  of  time,  as  in  most  of  the 
recorded  cases.  In  the  great  majority  of  cases  the  impairment  of  vision  is  at 
first  slight,  and  gradually  goes  on  to  complete  loss  of  sight. 

In  what  way  can  irritation  of  a  branch  of  the  trifacial  nerve,  unaccompanied 
by  any  direct  injuiy  of  the  eyeball  or  the  structures  of  the  orbit,  produce  in- 
stantaneously or  remotely  loss  of  vision  ?  Some  observers  have  attributed  this 
to  the  propagation  of  irritation  along  the  sheath  of  the  nerve  to  the  trank  of 
the  ophthalmic  division.  But  there  is  no  evidence  of  such  a  propagation  ;  and 
this  explanation  would  not  account  for  those  cases  in  which  blindness  suddenly 
supervened.  That  injury  of  the  fifth  nerve  produces  important  changes  in  the 
eye,  has  been  incontestably  determined  in  late  years  by  the  experiments  of 
Snellen,  Schiff,  Biittner,  Messner,  and  others  ;  and  w^hether  we  explain  the 
morbid  changes  that  occur  in  the  eye  as  a  consequence  of  the  injury  of  the 
nerve  by  the  supposition  that  "  neuro-paralytic  "  inflammation  is  set  up  in 

i„i„Hpt  "*^°"<^'^ssion  of  Spine,"  Lecture  X.,  p.  233,  e<  se^.,  Longmans,  1882,  for  a  full  accoun  t  of  these 
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the  globe,  or  suppose  that  the  surface  by  losing  its  sensibility  becomes  more 
liable  to  the  action  of  external  irritants,  mattei-s  little  to  the  practical  Surgeon 
•  Wardrop  says  that  "  the  distribution  of  the  first  branch  of  the  fifth  pair  or 
ophthalmic  branch  explains  how  wounds  of  the  frontal,  infra-orbital,  and  other 
branches  of  nerves  which  form  anastomoses  with  the  ophthalmic  ganglion,  are 
sometimes  followed  by  amaurosis."  No  doubt  it  is  to  the  intimate  connexions 
that  exist  between  the  frontal  nerve,  the  ophthalmic  division  of  the  fifth,  and 
the  sympathetic  and  ciliary  nerves,  that  we  must  refer  these  various  morbid 
phenomena  resultiug  from  its  irritation.  In  what  way  this  irritation  of  the 
fi'ontal  nerve  exercises  an  injurious  influence  is  doubtftil,  but  the  fact,  as  the 
result  of  clinical  observation,  remains  certain,  that  in  some  cases  it  is  the 
primary  and  determining  cause  of  loss  of  \ision. 

Excision  of  the  Eyeball.— This  operation  is  thus  performed.  The 


Fig.  336.  — Wire-Speculuin.   Fij;.  3;J7.— Toothed  Forceps  witli  Pine  Points.    Fig.  338.— Straight  Scissors. 
Fig.  339.-  Strabismus-Hook.    Fig.  340.— Scissors  for  Dividing  Optic  Nerve  in  Extirpation  of  tlie  Kye. 


patient  being  under  the  influence  of  an  aniasthetic,  an  eye-speculum  (Fig. 
336)  is  introduced ;  the  conjunctiva  is  then  seized  with  a  pair  of  toothed 
forceps  (Fig.  337)  as  close  to  the  margin  of  the  cornea  as  possible,  and  a 
small  opening  made  through  it  by  means  of  a  rather  blunt-pointed  pair  of 
scissors  (Fig,  338).  The  membrane  is  then  divided  circularly,  always  keep- 
ing close  to  the  corneal  margin.  The  squint-hook  (Fig.  339)  is  then  passed 
beneath  the  tendon  of  one  of  the  rectus  muscles,  which  is  raised  and  divided, 
by  the  scissors  passed  between  the  hook  and  the  sclerotic.  The  three  other 
rectus  muscles  are  then  divided  in  order  in  the  same  way.  The  oblique 
muscles  need  not  be  separately  searched  for,  and  will  be  divided  with  the 
recti.  The  eyeball  is  then  drawn  forwards,  and  the  ciliary  vessels  and  nerves 
passing  into  it  may  be  divided  with  curved  scissors  (Fig.  340),  until  the 
globe  is  attached  solely  by  the  optic  nerve  ;  lastly  this  is  cut  through  from 
the  inner  side  with  the  curved  scissors.  The  speculum  being  still  retained 
between  the  lids,  a  stream  of  cold  carbolic  acid  lotion  (1  in  40)  is  allowed  to 
drop  slowly  fi-om  a  sponge  into  the  cavity  of  the  orbit,  by  which  all  bleeding 
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is  speedily  arrested.  Streatfeild  recommends  that  a  small  round  sponge 
squeezed  out  of  the  carbolic  lotion,  and  compressed  to  make  it  go  between  the 
hds  and  a  little  way  into  the  orbit,  should  be  applied  and  kept  firmly  in  posi- 
tion by  a  linen  bandage.  This  will  prevent  any  oozing  of  blood,  and  may  be 
removed  at  the  end  of  a  few  hours.  It  is  then  removed  and  the  lids  allowed 
to  close,  wet  boracic  acid  lint,  or  lint  moistened  with  any  other  antiseptic 
lotion,  being  applied  over  them  till  the  stump  of  the  eye  is  healed.  Septic 
inflammation  in  the  fat  of  the  orbit  is  the  only  accident  likely  to  occur  after 
the  operation,  and  this  is  scarcely  likely  to  occur  if  ordinary  cleanliiiess  is 
attended  to,  and  care  be  taken  that  the  lids  do  not  become  glued  together  by 
dried  discharges  in  such  a  way  that  decomposing  matter  can  accumulate 
behind  them. 

Mouth.— Wounds  of  the  mouth  are  seldom  met  with,  except  as  the  result  of 
gunshot-violence.  The  amount  of  injury  done  to  the  soft  structures,  however 
great,  is  usually  only  secondary  to  the  mischief  that  results  to  the  brain,  spinal 
cord,  jaws,  and  skull,  and  must  of  course  be  treated  on  the  ordinary  principles 
of  treatment  of  gun-shot  and  lacerated  wounds. 

Tongue. — Wounds  of  the  tongue  usually  occur  from  its  tip  or  sides  being 
caught  between  the  teeth  dming  an  epileptic  fit.  They  have  been  known  to 
be  inflicted  by  insane  patients,  in  attempts  to  excise  or  to  bite  off  this  organ. 
Should  the  haemorrhage  be  free,  the  application  of  a  ligature,  or  even  of  the 
actual  cautery,  may  be  needed.  These  wounds  generally  assume  a  sloughy 
appearance  for  a  few  days  ;  they  then  clean  up,  and  granulate  healthily.  Ifc 
is  useless  to  bring  the  edges  together  by  sutures,  which  readily  cut  out.  If, 
however,  a  large  portion  of  the  tip  be  nearly  detached,  it  must  be  supported  in 
this  way  ;  but  the  threads  should  be  thick  and  passed  deeply.  Pieces  of 
tobacco-pipe  are  occasionally  driven  into  and  broken  olf  in  the  substance  of 
the  tongue,  and  they  either  give  rise  to  very  free  hasmorrhage,  or  the  wound 
may  close  and  heal  over  the  foreign  body,  the  existence  of  which  may  not  be 
known  to  the  patient.  In  a  case  of  ^this  kind,  where  a  man  complained  of 
much  pain  and  stiffiiess  in  the  tongue,  with  difliculty  in  deglutition,  I  found 
on  examination,  a  hard  swelling  towards  the  base  of  the  organ  ;  and  on  cutting 
down  upon  this'  extracted  three  inches  of  the  stem  of  a  clay  tobacco-pipe, 
which  had  been  lodged  there  for  several  months. 

The  Palate  and  the  Pharynx  are  sometimes  lacerated  by  gunshot-injuries 
of  the  mouth  :  or  the  wound  may  result  fi'om  something  that  the  patient 
happens  to  have  between  his  lips  being  driven  forcibly  backwards  into  his 
mouth.  Thus,  a  tobacco-pipe  may,  by  a  blow  on  the  face,  be  driven  deeply 
into  the  substance  of  the  tonsil,  or  perhaps  into  the  pharynx,  wounding  and 
lodging  behind  the  arches  of  the  palate  ;  it  generally  breaks  off  short,  and  the 
fragment  that  is  left  in  gives  rise  to  abscess,  to  ulceration  of  vessels,  and 
perhaps  to  fatal  secondary  hjemorrhage.  In  a  case  that  was  under  my  care 
some  time  ago,  the  soft  palate  was  nearly  detached  fi'om  the  palate  bones  by  a 
deep  transverse  wound,  caused  by  the  end  of  a  spoon  being  forcibly  driven  into 
the  mouth  ;  good  union  took  place  eventually,  the  part  having  been  stitched 
together  by  a  few  points  of  suture.  In  some  rare  cases  the  internal  carotid 
has  been  wounded  from  inside  the  mouth. 
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CHAPTER  XXVII. 
INJURIES  OF  THE  THROAT  :  AND  ASPHYXIA. 


INJURIES    OF    THE    LARYNX   AND  TRACHEA. 

Feaoture  of  the  Cartilages  of  the  Larynx— The  cartilages  of  the 
larynx  may  be  broken  and  disphiced  by  violent  blows  or  by  a  squeeze,  the 
fracture  in  some  cases  taking  place  transvei-sely,  in  others  longitudinally. 
Digital  examination  will  at  once  detect  the  nature  of  the  injury.  In  these 
injuries  there  is  superficial  extravasation  of  blood,  with  pain  and  difficulty  in 
breathing,  speaking,  and  swallowing.  In  some  cases  there  is  spitting  of 
blood  with  cough.  Fracture  of  the  larynx  is  an  extremely  dangerous  injury, 
Durham  has  collected  69  cases  of  which  53  died.  The  great  danger  is  from 
asphyxia,  which  may  occur  immediately  as  a  direct  consequence  of  the  displace- 
ment due  to  the  fracture,  or  may  come  on  at  a  later  period  as  the  result  of  in- 
flammatory swelling.  In  some  recorded  cases,  simple  concussion  of  the  larynx 
without  fracture  has  been  known  to  prove  fatal,  apparently  from  shock. 
Should  symptoms  of  serious  dyspnoea  appear  tracheotomy  must  be  performed 
without  delay  ;  if  not  attention  to  position  and  support  of  the  injured  parts 
will  suffice. 

Wounds  of  the  Throat. — These  are  of  great  frequency  and  importance, 
implicating  as  they  do,  some  of  the  most  important  organs  in  the  body.  They 
may  be  divided  into  three  categories  : — 

1.  Those  that  do  not  extend  into  the  Air-  or  Food-passages. 

2.  Those  that  implicate  the  Air-passage,  with  or  without  injury  of  the 
(Esophagus. 

0.  Those  that  are  accompanied  by  injury  of  the  Spinal  Cord. 

All  these  injuries  are  most  commonly  suicidal,  and  may  be  inflicted  with 
every  variety  of  cutting  instrument  ;  except  where  the  spinal  cord  is  injured, 
which  must,  in  cases  of  suicide,  be  the  result  of  gunshot- wound,  and  is  neces- 
sarily fatal.  Though  incised,  they  are  often  jagged,  and  partake  somewhat  of 
the  character  of  lacerated  wounds,  with  great  gaping  of  the  edges. 

1.  Wounds  not  extending  into  the  Air-  or  Food-passages. — In  these 
wounds,  there  is  very  commonly  free  and  even  fatal  haemorrhage,  and  this 
sometimes  though  none  of  the  larger  arterial  or  venous  trunks  have  been  divided  ; 
the  blood  flowing  abundantly  from  the  venous  plexuses  or  from  the  thyroid 
body  when  the  wound  is  low  down.  If  the  larger  arteries  be  touched,  as  the 
carotid  and  its  primary  branches,  the  haemorrhage  may  be  so  abundant  as  to 
,give  rise  to  almost  instantaneous  death.  Another  source  of  danger  in  these 
cases  proceeds  fi*om  the  admission  of  air  into  the  veins  of  the  so-called  "  dan- 
gerous region  "  of  the  neck.  For  this  a  free  wound  is  by  no  means  necessary, 
as  is  instanced  by  a  remarkable  case  that  occurred  some  years  ago  near  London, 
in  which  the  introduction  of  a  seton  into  the  fore  part  of  the  neck  was  followed 
by  death  from  this  cause. 
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Wounds  of  the  internal  jugular  yein  are  necessarily  very  dangerous.  There 
is  not  only  the  ordinary  risk  of  primary  hsemorrhage  from  a  vessel  of  such  large 
size,  but  the  special  danger  of  the  introduction  of  air  into  it  ;  should  these 
evils  be  safely  got  over,  the  secondary  ones  of  recurrent  hajmorrhage,  diffuse 
inflammation,  and  pyaemia,  may  yet  have  to  be  encountered.  Ligature  of 
the  vessel  above  and  below  the  wound  in  it,  exactly  as  if  it  were  an  artery  that 
had  been  opened,  is  the  only  course  tliat  can  be  safely  pursued,  unless  the 
opening  be  very  small,  when  it  may  be  picked  up  and  tied  without  occluding 
the  lumen  of  the  vessel.  In  one  case,  I  saw  and  heard  air  enter  the  vein  as  it 
was  being  raised  for  the  passage  of  the  ligature,  but  the  patient  made  a  quick 
recovery. 

The  large  nerves,  such  as  the  vagus  and  phrenic,  can  scarcsely,  in  a  suicidal 
wound,  be  divided  without  injury  to  the  neighbouring  vessels,  but  they  may  be 
injured  by  stabs  or  gun-shot  wounds.  The  division,  however,  of  the  respiratory 
nerves  on  one  side  only,  or  even  of  one  of  them,  would  in  all  probability  be 
fatal  in  man,  by  interfering  with  the  proper  performance  of  the  respiratory 
act.  In  a  case  with  which  I  am  acquainted,  where  the  phrenic  nerve  was 
divided  during  ligature  of  the  subclavian  artery,  death  resulted  in  a  few  days 
from  congestion  of  the  lungs. 

In  the  Treatment  of  Avounds  of  the  neck  of  this  category,  the  principal 
points  to  be  attended  to  are,  in  the  first  place,  the  arrest  of  hsemon'hage  by  the  ■ 
ligature  of  all  bleeding  vessels,  whether  arterial  or  venous  ;  and,  secondly, , 
bringing  together  the  lips  of  the  wound.    If  the  cut  be  longitudinal,  this  may 
be  done  by  strips  of  plaster  ;  if  transverse,  by  a  few  points  of  suture  and  by  • 
position,  the  head  being  fixed,  with  the  chin  almost  touching  the  sternum,  and  I 
retained  in  this  posture  by  tapes  passing  from  a  nightcap  to  a  piece  of  bandage ' 
fixed  round  the  chest.    I  have  had  under  my  care  one  case  in  which,  owing  to 
the  projection  and  mobihty  of  the  larynx,  the  wound  did  not  unite,  a  large  andl 
deep  gap  being  left,  which  required  a  series  of  plastic  operations  in  order  toi 
effect  its  closure. 

2.  "Wounds  implicating  the  Air-passage. — Wound  of  the  air-passage  is:- 
common,  and  is  revealed  in  suicidal  attempts  by  the  air  being  heard  andl 
seen  to  bubble  in  and  out  of  the  wound  during  respiration.  These  wounds^ 
vary  much  in  extent,  from  a  small  puncture  with  the  point  of  a  penknife  to  ai 
cut  extending  completely  across  the  throat,  and  even  notching  the  vertebrse. . 
They  are  frequently  complicated  with  injuries  of  the  larger  vessels  and  nerves,., 
and  sometimes  with  wound  of  the  oesophagus.  Most  commonly  the  cut  isfl 
made  high  up  in  the  neck  ;  for  the  suicide,  thinking  that  it  is  the  opening? 
into  the  air-passage  that  destroys  life,  draws  the  razor  across  that  part  of  thee 
throat  where  this  is  most  prominent  and  easily  reached ;  and  thus,  through  not4 
wounding  the  larger  vessels,  which  are  saved  by  the  projection  of  the  larynx,., 
frequeiitly  ikils  in  accomplishing  his  object. 

These  wounds  occur  in  four  situations  :  above  the  Hyoid  Bone  ;  in  th 
Thyro-hyoid  Space  :  through  the  Larynx  ;  and  through  the  Trachea. 

The  wound  may  be  made  above  the  Hyoid  Bone,  the  cut  extending  into 
the  mouth  and  wounding  the  root  of  the  tongue.  A  wound  in  this  situation  is 
usually  attended  with  much  haemorrhage  ;  and  there  is  great  trouble  in  feedinji 
the  patient,  as  the  power  of  swallowing  is  completely  lost. 

The  wound  may  be  inflicted  in  the  Thyro-hyoid  Space,  laying  the  pharynx 
open,  but  being  altogether  above  the  laiynx.  This  is  the  most  common  situation 
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for  suicidal  attempts.  In  many  cases,  the  incision  is  carried  so  low  as  to  shave 
ofi"  or  partly  to  detach  the  epiglottis  and  the  folds  of  mucous  membrane  around 
it.  In  other  cases,  the  edges  of  the  glottis  or  the  arytaenoid  cartilages  are 
injured,  the  cut  extending  back  to  the  bodies  of  the  vertebra.  Here  also  there 
are  great  difficulty  in  swallowing  and  great  risk  of  the  sudden  supervention  of 
cedema  of  the  glottis,  and  consequent  suffocation. 

When  the  Larynx  is  wounded  the  incision  is  usually  transverse  ;  but  I  have 
seen  a  longitudinal  cut  made  through  the  larynx,  so  as  to  split  the  thyroid  and 
cricoid  cartilages  perpendicularly.  In  these  cases  of  wounded  larynx,  there  is 
much  danger  of  the  blood  fi-om  the  su])erficial  parts  trickling  into  the  air- 
passage  and  asphyxiating  the  patient,  and  of  inflammation  of  the  bronchi  and 
lungs  supervening  at  a  later  period. 

Wounds  of  the  Trachea  are  not  so  common  as  those  of  the  larynx,  from 
which  they  differ  but  little  in  the  attendant  dangers. 

The  (Esophagus  is  seldom  wounded,  and  such  wounds  still  more  rarely 
come  under  the  care  of  the  Surgeon,  as  it  can  be  reached  only  through  the 
trachea  by  a  deep  cut,  which  will  probably  implicate  the  large  vessels. 

Effects. — There  are  various  sources  of  danger  in  wounds  of  the  neck  im- 
plicating the  air-passage.  The  hamm-rhage,  whether  it  proceed  from  any  of 
the  larger  trunks,  or  consist  of  general  oozing  from  a  vascular  surface,  may 
prove  either  directly  fatal  by  the  amount  of  blood  lost,  or  indirectly  in  conse- 
quence of  the  blood  trickling  into  the  air-tube,  and  accumulating  in  its 
smaller  divisions,  producing  suffocation. 

Asphyxia  may  supervene,  either  in  the  way  already  mentioned,  or,  when  the 
wound  has  been  inflicted  above  the  larynx,  from  the  occurrence  of  oedema  of 
the  glottis.  It  may  likewise  occur  when  the  external  opening  is  very  small, 
and  occasionally  happens  suddenly  when  the  wound  is  nearly  closed. 

Another  source  of  danger  is  the  loss  of  the  natural  sensihility  of  the  glottis,  in 
consequence  of  which  it  no  longer  contracts  on  the  application  of  a  stimulus. 
Hence  food  taken  in  by  the  mouth  may  pass  into  the  larynx  and  appear  at  the 
external  wound,  even  though  neither  the  pharynx  nor  the  oesophagus  has  been 
wounded.  This  I  have  observed  in  many  cases  of  cut  throat ;  hence  the 
presence  of  food  in  the  wound  cannot  in  all  cases  be  considered  an  evidence  of 
injury  to  the  food  passage.  In  some  cases  this  may  possibly  be  due  to  wound 
of  the  superior  laryngeal  nerve,  but  it  quite  as  frequently  occurs  in  cases  in 
which  it  is  certain  that  this  nerve  is  uninjured.  It  is  then  a  bad  sign,  and  is 
never  met  with  until  a  semi-asphyxial  condition  has  come  on,  by  which 
nervous  irritability  is  blunted,  or  until  inflammation  has  been  set  up  about 
the  rima  glottidis,  giving  rise  to  so  much  swelling  as  to  interfere  with  the 
natural  action  of  the  muscles,  and  to  deaden  the  perception  of  the  part  to 
the  contact  of  a  foreign  body.  In  these  cases  also  the  sensibility  of  the  air- 
passage  generally  is  much  lowered,  so  that  mucus  accumulates  in  the  bronchi, 
even  to  a  dangerous  extent,  the  patient  not  feeling  the  necessity  for  expectora- 
tion, and  often,  indeed,  having  much  difficulty  in  emptying  his  chest ;  his 
efforts  at  clearing  the  bronchi  being  reduced  to  a  forced  expiration,  a  true 
cough  being  impossible  while  the  wound  is  open  below  the  glottis. 

The  occun-ence  of  hronchitis  and  septic  hroncho-jmeimiojiia  is  a  frequent 
cause  of  death  in  patients  who  survive  the  immediate  effects  of  the  wound. 
This  is  due  in  many  cases  partly  to  the  direct  admission  of  cold  air,  without 
its  being  warmed  by  passing  through  the  nasal  cavities,  but  much  more  often 
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it  results  from  the  inhalation  of  the  septic  discharges  from  the  wound.  At 
the  post-m&rtem  examination  of  these  cases  the  bronchi  are  found  intensely 
injected  ;  the  hmgs  are  as  a  rule  swollen  and  oedematous  throughout,  and 
here  and  there  patches  of  consolidation  will  be  felt.  On  cutting  into  these 
they  will  be  breaking  down  and  softening  in  the  centre,  sometimes  forming 
cavities  almost  like  abscesses.  They  differ,  however,  from  the  secondary 
abscesses  of  pyasmia  in  being  scattered  through  the  lung  and  not  specially  ou 
the  surface  ;  and  if  a  patch  be  found  in  an  early  stage,  it  will  be  seen  that 
there  is  no  hemorrhagic  inftirct  preceding  the  softening,  but  that  the  air- 
vesicles  are  distended  with  opaque  puriform  secretion,  and  that  the  cavities 
are  formed  by  the  coalescence  of  the  distended  air-vesicles  through  destruction 
of  their  walls.  The  pathology  of  the  process  seems  to  be  that  septic  matter 
from  the  wound  is  inhaled  and  lodges  in  the  smaller  bronchi  where  it  sets  up 
acute  purulent  catarrh  with  decomposition  of  the  secretions.  The  decomposing 
secretions  excite  inflammation  terminating  in  gangrene  of  the  surrounding 
tissue  of  the  lung.  In  some  cases  extensive  areas  of  the  lung  may  thus 
become  gangrenous. 

The  depressed  mental  condition  of  the  patient  also  is  usually  unfavourable  to 
recovery  in  all  those  instances  in  which  the  wound  is  suicidal. 

Treatment. — The  same  general  principles  are  required  as  in  the  manage- 
ment of  those  wounds  of  the  throat  that  do  not  open  up  the  mucous  canals  in 
this  region.    Hsemorrhage  must  be  arrested  by  ligature  of  all  the  bleeding 
vessels,  whether  arteries  or  veins,  so  that  no  oozing  or  trickhng  into  the  wound 
may  take  place.   In  some  cases  the  hasmoi'rhage  consists  principally  of  general 
venous  oozing  which  cannot  be  stopped  by  ligature,  the  patient  drawing  a . 
large  quantity  of  blood  into  the  air-passage  through  the  wound.    In  these  • 
circumstances  I  have  found  it  useful  to  introduce  a  large  silver  tube  into  the  • 
aperture  in  the  windpipe,  and  to  plug  the  wound  around  it.    So  soon  as  the  ■ 
bleeding  has  fairly  ceased,  the  plugs  and  the  tube  must  be  removed. 

The  edges  must  next  be  brought  together  by  a  few  stitches  introduced  at  the  • 
sides,  and  by  attention  to  position,  the  head  being  fixed  by  tapes  as  described . 
at  p.  810.  I  think,  with  Listen,  that  in  these  cases  the  wound  should  never- 
be  closely  sewn  up,  nor  stitches  introduced  into  the  centre  of  the  cut.  If  the  i 
centre  of  the  integuments  be  closely  drawn  together,  coagula  may  accumulate  * 
behind  them,  in  the  deeper  parts  of  the  wound,  so  as  to  occasion  a  risk  of ' 
suffocation  ;  and,  as  the  wound  must  eventually  close  by  granulation,  no  > 
material  advantage  can  possibly  be  gained  by  this  practice.  There  is  an  i 
exception,  however,  to  this  rule  of  not  using  stitches  in  the  central  part  of  the ' 
wound  in  cut  throat.  In  cases  in  which  the  trachea  has  been  completely  cut : 
across,  a  stitch  or  two  on  each  side  of  the  tube  is  necessary,  in  order  to  prevent  i 
the  wide  separation  of  the  two  portions  that  would  otherwise  take  place,  owing ; 
to  the  great  mobility  of  the  larynx  and  upper  end  of  the  windpipe. 

In  order  to  lessen  the  liability  to  inflammation  of  the  lungs,  the  patient  l 
should  be  put  into  a  room,  the  temperature  of  which  is  raised  to  about  t 
70°  Fahr.,  with  a  piece  of  lightly  folded  muslin,  acting  as  a  filter,  laid  overr 
the  wound.    So  soon  as  the  cut  surfaces  begin  to  granulate,  wet-dressings 
may  be  applied,  and  the  edge  of  the  wound  brought  into  apposition  by  strips 
of  plaster,  and  a  compress  if  necessary.    During  the  treatment,  the  principal  .1 
danger  proceeds  from  inflammatory  affections  of  the  chest ;  these  must  accord- 
ingly be  counteracted  by  the  temperature  in  which  the  patient  is  placed,  and 
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by  luakino-  every  effort  to  prevent  as  far  as  possible  the  accumulation  of  de- 
composing discharges  about  the  wound.  It  must,  however,  be  remembered 
that  the  mental  depression,  and  the  bodily  exhaustion  fi-om  loss  of  blood,  that 
are  common  in  these  cases,  do  not  allow  of  any  lowering  treatment. 

The  administration  of  food  in  these  cases  always  requires  much  attention. 
As  a  general  rule,  the  patient  should  be  kept  on  a  nourishing  diet,  with  a 
moderate  allowance  of  stimulants.  If,  as  not  uncommonly  happens,  the  food- 
passage  be  opened  in  consequence  of  the  wound  extending' into  the  mouth,  the 
pharynx,  or  the  oesophagus,  it  is  of  course  impossible  for  the  patient  to  swallow, 
and  the  administration  of  nourishment  becomes  very  difficult.  This  is  best 
accomplished  by  means  of  a  gum-elastic-catheter  passed  through  the  mouth 
into  the  gullet  or  stomach.  This  is  easier  than  passing  the  instrument  through 
the  nose,  and  much  better  than  introducing  it  through  the  wound.  In  this 
way  a  pint  or  more  of  the  strongest  beef-tea  or  soup,  mixed  with  two  or  three 
eggs,  and  having  an  ounce  or  two  of  brandy  added  to  it,  should  be  injected 
regularly  night  and  morning,  until  the  patient  is  able  to  swallow.  In  those 
cases  in  which  the  wound  is  above  the  larynx,  there  is  occasional  danger  of  the 
supervention  of  oedema  of  the  glottis  ;  should  this  occur,  tracheotomy  may  be 
necessary  to  prolong  the  patient's  life. 

As  consequences  of  wounds  of  the  throat,  we  occasionally  find  stricture  of 
the  trachea,  or  aerial  fistula.  If  the  vocal  cords  have  been  injured,  loss  of 
voice  may  follow. 

Aerial  Fistula  may  sometimes  form  owing  to  the  skin  doubling  in  and 
becoming  adherent  to  the  edges  of  the  wound  in  the  air-tube,  and  most  fre- 
quently occurs  when  the  cut  is  in  the  thyro-hyoid  space  ;  adhesion  taking 
place  between  the  inverted  integuments  and  the  os  hyoides  above,  and  the 
surface  of  the  thyroid  cartilage  below.  The  same  may  occur  in  the  crico- 
thyroid space,  and  indeed  at  any  part  of  the  larynx  that  has  been  opened. 
When  this  happens,  the  fistula  tends  to  remain  patent.  In  these  circum- 
stances, I  have  found  the  following  operation  successful. 

The  edges  of  the  fistulous  opening  having  been  freely  pared,  and  the  knife 
passed  under  them  for  some  distance  so  as  to  detach  them  from  the  subjacent 
parts,  a  vertical  incision  is  made  through  the  lower  lip  of  the  opening,  so  as  to 
split  it  downwards.  Two  points  of  suture  are  then  inserted  into  each  side  of 
the  horizontal  incisions,  bringing  their  edges  into  contact,  hut  the  vertical  cut 
is  left  free  for  discharges  and  mucus  to  drain  through,  and  for  the  expired  air 
to  escape,  lest  emphysema  occur.  Unless  this  outlet  be  afforded,  these  fluids 
will  burst  through  the  sutures,  and  thus  destroy  union  of  the  edges. 

It  is  not  in  every  case  that  an  aerial  fistula  can  be  safely  closed.  In  some 
instances  the  larynx  becomes  contracted  either  by  drawing  in  of  the  wound,  or 
by  thickening  of  the  mucous  membrane  above  the  artificial  opening  to  such 
an  extent  that  the  fistula  becomes  essential,  in  addition  to  the  orifice  of  the 
glottis,  for  the  purposes  of  respiration.  In  such  circumstances,  any  attempt  at 
closing  it  will  be  attended  or  followed  by  symptoms  of  impending  asphyxia  ; 
and  it  may  be  necessary  to  leave  the  opening  free,  or  even,  as  happened  in  a 
case  under  my  care,  in  which  an  opening  was  left  in  the  crico-thyroid  mem- 
brane of  a  girl  who  had  attempted  suicide  by  cutting  her  throat,  to  enlarge  the 
opening  and  to  introduce  a  silver  tube  in  order  to  relieve  the  breathing  from 
the  effects  of  the  laryngeal  constriction. 

Foreign  Bodies  in  the  Air-Passage.— A  great  variety  of  substances 
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have  been  found  in  the  air-passage  :  such  as  nut-shells,  beans,  cherry-stones, 
teeth,  meat,  money,  buttons,  pins,  rish-bones,  bullets,  pills,  pebbles,  and  pieces 
of  stick.  These  foreign  bodies  are  not  introduced  into  the  air-passage  by  any 
effort  of  deglutition,  for  no  substance  can  be  sivalloived  through  the  glottis  ; 
but  they  are  inhaled ;  thus,  if  a  person,  whilst  holding  anything  in  his  mouth, 
make  a  sudden  inspiration,  the  current  of  air  may  draw  it  between  the  dilated 
lips  of  the  glottis  into  the  larynx. 

The  symptoms  vary,  according  to  the  situation  in  which  the  foreign  body  is 
lodged,  its  nature,  and  the  period  that  has  elapsed  since  the  occurrence  of  the 
accident.  The  foreign  body  may  lodge  in  one  of  the  ventricles  of  the  larynx  ; 
if  light,  it  may  remain  in  the  trachea,  and  be  carried  up  and  down  by  the  move- 
ment of  the  air  in  expiration  and  iuspiratioji  ;  if  too  heavy  for  this,  it  will  fall 
into  one  or  other  of  the  primary  divisions  of  the  trachea,  and,  as  Aston  Key 
has  observed,  will  most  commonly  be  found  in  the  right  bronchus.  The  ex- 
planation of  this  has  been  pointed  out  by  Gray,  who  states  that  on  making  a 
transverse  section  of  the  trachea,  and  taking  a  bird's-eye  view  of  the  bifurca- 
tion, the  septum  will  be  seen  to  be  considerably  to  the  left  of  the  middle  line  ; 
so  that  any  foreign  body  falling  down  the  trachea  would  naturally  have  a 
greater  chance  of  entering  the  right  than  the  left  bronchus,  although  the  left 
bronchus  is  in  a  more  direct  hne  with  the  trachea  than  the  right.  Th& 
greater  size  of  the  right  bronchus  would  also  favour  the  entrance  of  a  foreign 
body  into  it.  If  the  substance  be  small,  it  may  pass  into  one  of  the  secondaiy 
divisions  of  the  bronchi ;  and,  if  it  continue  lodged  here  for  a  sufficient 
length  of  time,  may  make  a  kind  of  cavity  for  itself  in  the  substance 
of  the  lung,  where  it  may  either  excite  suppuration  round  it  or  become 
encysted. 

The  Symptoms  may  be  divided  into  three  stages  :  1.  Obstruction,  imme- 
diately following  the  introduction  of  the  substance  ;  2.  Irritation,  produced  by 
its  presence  ;  and  3,  Inflammation,  coming  on  at  a  later  period. 

1.  Symptoms  of  Obstruction. — The  immediate  symptoms  vary  somewhat 
according  to  the  size  and  nature  of  the  body,  and  the  part  of  the  air-tube  that 
it  reaches.  In  all  cases  there  is  a  feeling  of  intense  suffocation,  with  great 
difficulty  of  breathing,  and  violent  fits  of  spasmodic  coughing,  often  attended 
by  vomiting  ;  during  which  the  foreign  body  may  be  expelled.  Indeed,  it» 
partial  entry  and  immediate  extrusion  by  coughing  are  not  uncommon.  In 
some  cases,  immediate  death  may  ensue  at  this  period.  If  the  body  have 
entered  the  air-passage  fiilly,  there  is  violent  coughing,  with  feeling  of  suffoca- 
tion for  an  hour  or  two,  accompanied  by  lividity  of  the  face,  great  anxiety,  and 
sense  of  impending  death.  There  is  also  usually  pain  about  the  episternal 
notch.  The  symptoms  then  gradually  subside,  but  any  movement  on  the  part 
of  the  patient  brings  them  on  again  with  renewed  violence.  All  these  symp- 
toms are  most  severe  if  the  foreign  body  remain  in  the  larynx  ;  the  voice  beina- 
then  croupy,  irregular  in  tone,  or  altogether  lost.  If  it  be  lodged  elsewhere! 
so  often  as  it  is  coughed  up,  and  strikes  against  the  interior  of  the  larynx,  an 
intense  feeling  of  suffocation  is  produced  ;  and  if  it  happen  to  become  impacted 
there,  sudden  death  may  result,  even  though  it  be  not  of  sufficient  size  to  block 
up  the  air-passage,  apparently  by  the  spasm  that  is  induced.  Many  years  ago 
I  saw  a  boy  die  before  tracheotomy  could  be  performed,  in  consequence  of  a  flat 
piece  of  walnut-shell  that  had  entered  the  trachea  being  suddenly  coughed  up, 
and  becoming  impacted  in  one  of  the  ventricles  of  the  larynx.  The  symptoms' 
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diirin;^-  this  period,  are  much  less  severe  when  the  foreign  body  is  in  the  trachea 
or  bronchi. 

When  there  is  a  suspicion  that  the  foreign  body  is  lodged  in  the  laiynx,  a 
hiryngosoopic  examination  should  be  made,  when  it  may,  perhaps,  if  large — 
as  a  plate  with  false  teeth — be  seen  between  the  vocal  cords.  Small  bodies 
also  have  several  times  been  detected  in  this  way  lodging  in  one  of  the 
ventricles  of  the  larynx. 

2.  Symptoms  of  Irritation. — When  the  foreign  body  has  passed  into  the 
air-passage,  and  the  immediate  effects  produced  by  its  introduction  have 
passed  over,  another  set  of  symptoms,  dependent  on  the  irritation  produced  by 
it,  is  met  with  ;  and  it  is  during  the  occurrence  of  these  that  the  patient  is 
most  generally  bronght  under  the  Surgeon's  observations. 

The  General  Symptoms  consist  of  occasional  fits  of  spasmodic  cough 
accompanied  by  much  difficulty  of  breathing,  a  feeling  of  suffocation,  and  an 
appearance  of  urgent  distress  in  the  countenance.  These  attacks  do  not  occur 
when  the  patient  is  tranquil,  out  come  on  whenever  the  foreign  body  is  coughed 
up  so  as  to  strike  the  larynx,  and  the  upper  and  more  sensitive  parts  of  the  air- 
passage.  As  a  general  rule,  the  distress  is  less,  the  lower  the  substance  is 
lodged  ;  the  sensibility  of  the  lower  portion  of  the  trachea  and  that  of  the 
bronchi  being  much  less  acute  than  that  of  the  larynx  and  of  the  upper  part 
of  the  trachea.  In  consequence  of  the  ii-ritation,  there  is  usually  abundant 
expectoration  of  fi'othy  mucus.  These  symptoms  often  remit  for  a  time,  more 
particularly  if  the  foreign  l:iody  become  fixed.  In  some  cases,  indeed,  there 
appears  to  be  so  little  distress  some  days  after  the  accident,  that  considerable 
doubt  may  exist  whether  any  foreign  body  really  be  lodged  in  the  air-passage 
or  in  the  lungs  ;  and  much  valuable  time  is  often  lost  by  the  indisposition  of 
the  Surgeon  to  adopt  active  measures. 

The  Physical  Signs  def>end  necessarily  upon  the  situation  of  the  foreign 
body.  If  this  be  loose  and  floating,  it  may  be  heard,  on  applying  the  ear  to 
the  chest,  moving  up  and  down,  and  occasionally  striking  against  the  side  of 
the  trachea.  If  it  be  fixed,  it  will  necessarily  give  rise  to  a  certain  degree  of 
obstruction  to  the  admission  of  the  air  beyond  it,  jaerhaps  occasioning  sibilant 
or  sonorous  rhondii  during  either  inspiration  or  expiration  or  both.  If  it  be 
impacted  in  the  larynx,  the  voice  will  be  hoarse  and  croupy,  and  there  will 
be  a  loud  rough  sound  in  respiration,  with  much  spasmodic  cough  and 
distress  in  breathing.  If  it  be  impacted  in  one  bronchus,  the  physical  signs 
will  vaiy  according  to  circumstances.  If  the  foreign  body  be  angular  or 
perforated  peculiar  sibilant  and  whistling  noise  may  be  heard  as  the  air 
passes  over  or  through  it.  If  the  foreign  body  completely  obstructs  the 
bronchus,  the  respiratory  murmur  will  be  wanting  on  the  side  on  which  it 
is  lodged.  As  a  rule  the  obstruction  is  somewhat  valvular  in  character, 
allowing  a  little  air  to  be  forced  out  during  expiration  but  none  to  enter  in 
inspiration,  and  extreme  collapse  of  the  affected  lung  may  thus  arise.  There 
will  then  be  absolute  dulness  on  percussion  ;  deficiency  on  measurement  and 
a  want  of  expansion  during  inspiration.  In  other  cases  in  which  the  form  of 
the  body  is  such  as  not  to  obstruct  the  bronchus,  the  physical  signs  will  be 
much  less  marked.  If  one  of  the  subdivisions  of  either  bronchus  be  occupied 
by  the  foreign  body,  the  entrance  of  air  will  be  prevented  in  the  coiTesponding 
lobe  of  that  lung,  though  it  enter  freely  every  other  part  of  the  chest. 

3.  Inflammation.— After  a  foreign  body  has  been  lodged  for  a  day  or  two^ 
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inflammation  of  the  IroncM  or  lungs  is  apt  to  be  set  up  ;  in  some  cases,  how- 
ever, this  occurs  only  after  a  considerable  time  has  elapsed,  or,  perhaps,  not  at 
all — much  depending,  of  course,  on  the  shape  and  character  of  the  irritant.  If 
the  foreign  body  completely  obstruct  one  bronchus,  the  corresponding  lung 
becomes  gradually  collapsed  ;  and  after  a  time  abscesses  form  in  it,  apparently 
in  consequence  of  the  retention  of  the  natural  secretion  in  the  smaller  bronchi 
and  air  vesicles.  If  it  continue  to  lodge,  it  generally  forms  for  itself  a  cavity 
in  the  substance  of  the  lung,  whence  purulent  and  bloody  matters  are  con- 
tinually expectorated,  until  the  patient  dies  of  phthisis  in  the  course  of  a  few 
months,  or  a  year  or  two.  Occasionally,  however,  the  substance  has  been 
coughed  up  after  a  very  long  lodgment,  the  patient  recovering. 

Prognosis. — This  depends  more  upon  the  nature  of  the  foreign  body  and 
its  size  than  on  any  other  circumstances.  If  it  be  rough,  ang,i!;ii\  and  hard, 
there  is  necessarily  much  more  risk  than  if  it  be  soluble  in,  or  capable  of 
disintegration  by,  the  mucus  of  the  air-passage.  So  long  as  the  foreign 
body  is  allowed  to  remain,  the  j^atient  is  in  imminent  danger,  either  from 
immediate  and  sudden  suffocation,  or  from  inflammation  at  a  more  remote 
period. 

The  danger  depends  greatly  upon  the  length  of  time  during  which  the  body 
is  allowed  to  lodge.  Of  C2  cases  which  I  collected  in  1850  (4  of  which  had 
fallen  under  my  own  observation),  I  found  the  time  that  the  foreign  body  was 
allowed  to  remain  in,  and  the  result  of  the  case,  stated  in  49  instances. 


PERIOD  OF  RETENTION. 

NUMBER 
OF  CASES. 

RE- 
COVERED. 

DIED. 

Less  than  24  hours  

8 

6 

2 

Between  24  and  48  hours  

4 

3 

1 

Between  48  hours  and  1  week  

13 

« 

7 

Between  1  week  and  1  month  

8 

4 

4 

Between  1  month  and  8  months  .... 

3 

3 

0 
2 

Between  3  months  and  1  year  

6 

4 

More  than  1  year  ...... 

7 

4 

3 

Total  

49 

30 

19 

From  this  it  would  appear  that,  if  the  patient  escaped  the  danger  of  the 
immediate  introduction,  the  greatest  risk  occurred  between  the  second  day  and 
the  end  of  the  first  month,  no  fewer  than  1]  patients  out  of  21  dying  durin<y 
this  period  ;  and  then  that  the  mortality  diminished  until  the  third  month"^ 
from  which  time  it  increased  again. 

The  cause  of  death  varies  also  according  to  the  period  at  which  the  ftital 
result  takes  place.  During  the  first  twenty-four,  and,  indeed,  forty-eight  hours, 
it  happens  from  sudden  asphyxia  and  convulsions.  During  the  first  few  weekf 
it  is  apt  to  occur  from  inflammatory  mischief  within  the  chest ;  and  after  some 
months  the  patient  will  be  carried  ofi'  by  the  gradual  exhaustion  consequent 
upon  the  formation  of  abscesses  in  the  lung. 

Spontaneous  expulsion  of  the  foreign  body,  usually  in  a  violent  fit  of  cough- 
ing, occasionally  occurs.  Gross  of  Philadelphia  finds  that  there  are  49  cases  on 
record,  in  which  the  body  was  spontaneously  expelled,  the  patient  recovering. 
Of  these,  in  37  it  was  expelled  during  a  fit  of  coughing.  The  period  durint^ 
which  a  foreign  substance  may  remain  in  the  air-passage  before  it  is  spon- 
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tancously  expelled,  varies  from  a  few  minutes  to  many  months  or  years  ;  in  one 
case,  a  piece  of  bone  introduced  at  the  age  of  three,  was  not  ejected  until 
sixty  years  had  elapsed.  Tulpius  relates  a  case  in  which  a  nut-shell  wa& 
coug-hed  up  atler  being  lodged  for  seven  years  ;  and  Heckster  one  in  which  a 
ducat  was  thus  brought  up  after  a  lapse  of  two  years  and  a  half  ;  the  patients, 
in  both  instances,  recovering.  In  other  cases  death  may  ensue,  although  the 
foreign  body  is  coughed  up  ;  thus  Sue  relates  an  instance  in  which  a  pigeon- 
bone  was  spat  up  seventeen  years  after  its  introduction,  the  patient,  however, 
dying  in  little  more  than  a  year  from  marasmus.  In  eight  of  the  cases  col- 
lected by  Gross,  death  followed  the  spontaneous  expulsion. 

Treatment. — This  accident  is  always  very  serious,  and  hence  requires 
prompt  and  energetic  means  to  be  used  in  order  to  save  the  patient  ;  and  for- 
tunately the  means  at  our  disposal,  consisting  of  the  simple  operation  of  opening 
the  trachea,  and  thus  facilitating  the  expulsion  of  a  foreign  body,  arc  usually 
highly  successful.  Of  00  cases  in  which  the  result  was  noted,  I  found  that  37 
li\'ed,  and  23  died  ;  but  on  analysing  these  cases  more  closely,  it  appeared  that 
in  39  no  operation  Avas  performed  ;  the  expulsion  of  the  foreign  body  being 
effected  by  the  eftbrts  of  nature.  Of  these  23  died,  and  IG  lived.  In  the 
remaining  21  cases,  tabulated  below,  tracheotomy  was  performed  ;  of  these  18 
lived,  and  only  three  died,  showing  a  remarkable  success  attendant  on  thi& 
operation. 


PERIOD  OF  RETENTION. 

NUMBER 
OF  CASES. 

CURICD. 

DIED. 

2 

1 

2 

2 

0 

Between  48  hours  and  1  week  ..... 

9 

8 

1 

Between  1  week  and  1  montli     .  .... 

5 

4 

1 

Between  1  month  and  H  months  .... 

2 

2 

0 

21 

18 

The  statistics  as  to  the  result  of  operations  for  the  removal  of  foreign  bodies 
from  the  air-passages  have  been  worked  out  chiefly  by  Dr.  Gross,  Mr.  Durham, 
and  Dr.  West  (U.S.A.). 

Dr.  Gross  has  collected  the  particulars  of  85  cases  not  operated  on.  Of 
these  5(!  recovered  and  29  died,  the  deaths  amounting  to  34-11  per  cent. 
Tracheotomy  was  done  in  98  cases;  of  these  83  recovered  and  15,  or  15*30  per 
cent.,  died. 

Durham  collected  271  cases  not  operated  on.  Of  these  15G  recovered  and 
115,  or  42-2  per  cent.,  died  ;  whilst  of  283  cases  operated  on,  213  recovered 
and  70,  or  24*2  per  cent.,  died. 

Dr.  West  (U.S. A)  has  collected  1000  cases.  Of  these,  in  63  cases  the 
foreign  body  was  removed  by  forceps,  Avith  or  without  the  aid  of  the  laryngo- 
scope. Of  the  remaining  937  cases,  599  were  not  operated  on.  Of  these  460 
recovered  and  139,  or  23-20  per  cent.,  died.  In  398  cases  the  air-passages- 
were  opened.    Of  these  245  recovered  and  93,  or  27-42  per  cent.,  died. 

Taking  the  combined  results  of  these  three  tables  and  comparing  them  in 
reference  to  the  particular  operation  performed,  we  find  that  the  results  arc- 
as  follows  :  of  laryngotomy  there  were  70  cases,  in  all  of  which  probably  tlic 
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foreign  body  was  impacted  in  the  glottis,  with  50  recoveries  and  14,  ur  20 
per  cent.,  of  deaths  ;  laryngo-tracheotomy,  59  cases,  vaih.  44  recoveries  and 
15,  or  25*42  per  cent.,  deaths  ;  tracheotomy  Avas  performed  in  005  cases,  witli 
449  recoveries  and  150,  or  25'78  per  cent.,  deaths.  Tlie  broad  result  that 
comes  out  from  these  calculations  is,  that  after  laryngotomy  for  the  remoA'al  of 
foreign  bodies  fi'om  the  air-passages  one  patient  in  five  dies,  whereas  after 
laryngo-tniclieotomy  and  tracheotomy  the  mortality  is  one  in  four. 

Emetics,  sternutatories,  and  succuseion  of  the  body,  are  all  either  useless  or 
dangerous.  Inversion  of  the  body  has  succeeded  in  several  instances,  and 
might  be  tried  before  operation  is  had  recourse  to,  more  particularly  if  the 
foreign  body  is  heav}%  as  a  coin,  and  be  movable  in  the  air-passage.  Padley 
caused  the  ejection  of  a  sixpenny-piece  in  this  way  from  the  trachea  of  a  man, 
and  he  recommends  the  supine  as  a  safer  and  Ijetter  position  than  the  prone. 
There  is  undoubtedly  danger,  in  inversion,  of  the  supervention  of  laryngeal 
spasm,  but  statistics  do  not  prove  that  any  fatal  consequences  lia\e  resulted 
from  this  cause.  Should,  however,  the  attempt  at  expulsion  by  inversion  of 
the  body  bring  on  an  attack  of  laryngeal  spasm,  it  should  be  abandoned,  as 
not  only  useless  but  in  the  highest  degree  dangerous. 

When  tlie  foreign  hodij  is  lodged  in  the  Jarijnx,  it  can  be  detected  by  laryngo- 
■scopic  examination,  and  may  be  removed  by  forceps,  or  such  other  means  as  . 
the  ingenuity  of  the  Surgeon  may  suggest.    This  may  sometimes  be  done  a 
considerable  length  of  time  after  its  impaction.    Thus,  in  a  case  recorded  by  • 
Petrie  of  Liverpool,  a  penny  was  successfully  removed  by  forceps  after  having 
been  impacted  six  years  in  the  larynx  of  a  looy. 

Should  it,  however,  not  be  possible  to  extract  the  foreign  body  through  the 
mouth,  tracheotomy  must  be  performed,  and  an  attempt  made  to  dislodge  it : 
from  below  by  means  of  a  feather  passed  up  into  the  mouth,  or  it  may  possil)ly  • 
be  seized  and  brought  out  by  the  wound.  Should  this  fail,  the  operation  ofl 
Thyro-chondrotomy,  more  often,  but  incorrectly,  called  Thyrotomy,  should! 
be  performed.  The  operation  is  the  same  as  that  for  intra-laryngeal  tumours,, 
and  will  be  described  in  the  Chapter  on  Diseases  of  the  Throat.  It  is  off 
importance  that  it  should  not  be  delayed,  for  the  foreign  body,  more  especiallyr 
if  rough  or  irregular,  as  a  piece  of  bone,  will  shortly  excite  inflammation  andl 
ulceration  of  the  mucous  membrane  and  possibly  entail  permanent  impairmcntt 
of  voice  or  of  respiration. 

When  the  foreign  l>od//  has  passed  heyond  the  lanjn.v,  or  is  not  to  be  recog-- 
jiized  by  means  of  the  laryngoscope,  inversion  may  perhaps  be  tried  in  soniec 
cases,  but,  as  a  rule,  tracheotomy  ought  to  be  performed  at  once.    And  this, 
should  be  done,  even  though  the  symptoms  be  not  urgent.    There  is  often  a 
remission  in  the  symptoms,  a  period  of  deceptive  security,  by  which  the 
Surgeon  must  not  be  put  off"  his  guard.    But,  it  may  be  asked,  for  what  pur- 
pose is  the  trachea  opened  ?    Why  should  not  the  foreign  body  be  expelled 
through  the  same  aperture  by  which  it  has  entered  ?    The  opening  in  the 
trachea  performs  a  double  purpose  ;  it  not  only  serves  as  a  ready  and  passivi 
outlet  for  the  expulsion  of  the  foreign  body,  but  also  as  a  second  breathing 
aperture  in  the  event  of  its  escaping  through  the  glottis.    The  advantao-e  <- 
the  opening  in  the  trachea  as  a  ready  aperture  of  expulsion  is  evident  from  th< 
statistics  given  by  Durham  of  212  cases  in  which  tracheotomy  was  performec 
for  a  foreign  body  in  the  air-passages.  One  hundred  and  fifty-seven  recovered 
in  64  of  these  spontaneous  expulsion  took  place  through  the  tracheal  opening 
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ill  o5  spoutanoous  expulsion  occurred  from  the  mouth,  and  in  58  it  ^v•as 
removed  by  forceps  or  otlier  instruments.  Fifty-tive  died  ;  in  48  of  these  the 
liody  was  retained  till  death,  in  •>  it  was  expelled  from  the  mouth,  and  in  2 
from  the  wound  immediately  after  the  operation,  and  iu  3  it  was  removed 
by  forceps. 

The  reason  why  the  foreign  body  usually  passes  out  of  the  artificial  opening 
in  preference  to  escaping  by  the  glottis,  is,  that  the  sides  of  the  former  aperture 
are  passive,  whereas  those  of  the  latter  are  highly  sensitive  and  contractile. 
Before  the  operation  is  iterformed,  it  will  be  found  that  the  great  obstacle  to 
expulsion  is  not  only  the  sensitiveness  of  the  larynx,  great  irritation  being  in- 
duced when  it  is  touched  from  within,  but  also  the  contraction  of  the  glottis, 
by  the  closure  of  which  not  only  is  the  expulsion  of  the  foreign  body  prevented, 
but  respiration  is  impeded.  Every  time  the  foreign  body  is  coughed  up  so  as 
to  touch  the  interior  of  the  larynx,  intense  dyspnoea  is  produced,  owing  to 
.sudden  and  iiivoluntary  closure  of  the  glottis,  by  which  respiration  is  entirely 
prevented  and  suffocation  threatened  ;  the  expvilsion  of  the  body  is  consequently 
arrested,  unless  it  by  chance  take  the  glottis  by  surprise,  and  pass  tln'ough 
it  at  once  in  the  same  way  that  it  has  entered  it,  without  touching  its 
■sides.  If  it  be  arrested  by  the  spasm  in  the  glottis  it  is  inevitably  drawn 
down  into  the  trachea  again  by  the  deep  inspiration  that  follows  the  re- 
laxation of  the  spasm.  If  there  be  a  second  breathing  aperture,  thougli 
the  larynx  is  e(jually  in-itated  by  the  foreign  body,  yet  this  dyspnoea  cannot 
occur,  respiration  being  carried  on  uninterruptedly  by  one  opening  whilst 
the  foreign  body  escapes  through  the  other  ;  and  thus,  in  these  circumstances, 
it  may  ])ass  through  the  glottis  with  but  little  inconvenience.  In  performing 
the  operation  of  tracheotomy  for  a  foreign  body  in  the  air-passages,  the 
opening  must  be  made  fi-eely  ;  no  tube  must  be  introduced,  but  the  edges  of 
the  wound  must  be  kept  open  by  blunt  hooks,  made  of  bent  wire,  and  secured 
behind  the  neck  by  a  piece  of  tape. 

In  some  cases,  the  foreign  body  is  expelled  at  once  after  the  trachea  has  beeu 
opened  ;  in  others,  not  until  some  hours,  days,  or  even  weeks,  have  elapsed. 
Thus,  in  Houston's  case,  a  piece  of  stick  was  not  coughed  up  until  ninety-seven 
days  after  the  operation  ;  and  in  Brodie's  case,  in  which  the  celebrated  engineer, 
Brunei,  Avas  the  patient,  sixteen  days  elapsed  before  the  half -sovereign  came 
-:^\^■ay. 

The  expulsion  has  in  some  instances  been  facilitated  by  invcj-ti ng  t!ie 
patient,  shaking  him,  or  striking  him  on  the  back.  In  cases  in  which  the 
Ifbreign  body  has  hot  been  readily  expelled,  forceps  and  other  instruments 
have  been  introduced  through  the  wound  in  the  trachea  to  extract  it.  But, 
although  in  many  instances  this  has  succeeded,  as  in  a  case  in  which  Walters 
of  Reigate  removed  a  trachea-tube  that  had  accidentally  sli])ped  fi\e  inches 
into  tiie  air-passages,  these  proceedings  should  not  be  lightly  undertaken. 
It  is  better  always  to  wait  a  time,  as  in  a  large  number  of  successful  cases 
•expulsion  has  not  taken  place  spontaneously  till  more  than  twenty-four  hours 
after  the  operation.  If  the  body  does  not  come  up  spontaneously  by  the  end 
<jf  the  second  day,  exphjration  of  the  ti-achea  is  perfectly  justifiable.  The 
patient  must  be  put  fully  under  an  ansesthetic,  and  eveu  then  the  intro- 
<luction  of  the  instrument  will  cause  a  violent  spasmodic  cough.  If  the 
nature  of  the  foi'cign  body  be  known  the  instrument  must  be  adapted  to  it. 
Jf  it  be  of  metal,  glass,  or  china,  its  position  can  first  be  detected  by  means 
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of  a  probe.  If  it  be  ol"  the  form  most  easily  to  be  seized  by  forceps,  Gross's 
tracheal  forceps,  or  Durham's  flexible  forceps  may  be  used.  It  is  difficult, 
howe\-er,  in  using  forceps  to  avoid  passing  the  blades  down  two  separate 
bronchial  tubes  and  thus  seizing  the  septum  between  them.  A  loop  of  stiff" 
wire,  bent  at  its  extremity  to  an  angle  so  that  it  can  be  directed  into  either 
bronchus,  will  be  found  very  useful  in  dislodging  a  round  body  impacted  in 
a  bronchus.  In  this  way  a  plum-stone  was  easily  dislodged  and  removed  in  a 
case  which  occurred  in  University  College  Hospital  some  years  ago,  and  the 
child  rapidly  recovered.  Should  the  attempt  fail,  the  wound  should  be  Icept 
open  by  means  of  blunt  hooks  for  a  week  or  ten  days  longer,  when  perhaps 
it  may  be  ejected.  After  the  escape  of  the  foreign  body,  the  opening  in  the 
trachea  must  be  closed. 

Scalds  of  the  Mouth,  thi]  Pharynx,  axd  the  Glottis,  occasionally 
occur  from  attempts  to  swallow  lx)iling  water  ;  or  these  parts  are  scorched  by 
the  inhalation  of  hot  air  or  flame.  The  scalding  happens  chiefly  to  the  chil- 
dren of  the  poor,  Avho,  being  in  the  habit  of  drinking  cold  water  from  the 
spout  of  a  kettle,  inadvertently  attempt  to  take  a  draught  from  the  sanic  source 
when  the  water  is  boiling.  The  hot  liquid  is  not  swallowed,  but,  though  imme- 
diately ejected,  it  scalds  the  inside  of  the  mouth  and  pharynx,  giving  rise  to 
much  inflammation,  which,  extending  to  the  glottis,  will  i^roduce  oedema  of 
it,  and  thus  speedily  destroy  life  by  suffocation.  In  three  cases  which  I  ex- 
amined after  death,  there  Avas  no  sign  of  inflammation  below  the  glottis,  though 
the  lips  of  this  aperture  Avere  greatly  swollen  ;  and  this  I  believe  to  be  invari- 
ably the  case,  the  inflammation  not  extending  into  the  interior  of  the  larynx^ 
as  was  pointed  out  by  Marshall  Hall.  The  accident  always  reveals  itself  by 
very  evident  signs  ;  the  interior  of  the  mouth  Looks  white  and  scalded,  the 
child  complains  of  great  pain,  and  difficulty  of  breathing  soon  sets  in  ;  which, 
unless  efficiently  relieved,  may  terminate  in  speedy  suffocation.  In  those  cases 
in  Avhich  these  parts  have  been  similarly  injured  by  the  flame  produced  by  the- 
explosion  of  gas  or  of  fire-damp  being  sucked  into  the  month,  the  same  condi- 
tions present  themselves. 

In  the  Treatment  of  this  injury,  the  main  point  to  attend  to  is  to  subduo 
the  inflammation  before  it  involves  the  glottis  to  a  dangerous  extent.  "With 
this  view,  leeches  should  be  freely  applied  to  the  neck,  and  calomel  with  anti- 
mony administered.    If  symptoms  of  urgent  dyspnoea  have  set  in,  tracheotomy  • 
must  be  performed  without  delay ;  and  a  tube  must  be  introduced  into  the-- 
aperture  so  made,  and  kept  there  until  the  swelling  about  the  glottis  has-  v 
subsided.    In  the  majority  of  the  cases,  however,  that  have  fallen  under  my  • 
observation,  in  Avhich  this  operation  has  been  performed,  the  issue  has  been  a  i 
fatal  one,  from  the  speedy  supervention  of  broncho-pneumonia  ;  but  as  it 
afPords  the  only  chance  of  life  when  the  dyspna3a  is  urgent,  it  must  be  done, 
though  its  performance  in  very  young  children  is  often  attended  by  much 
difficulty,  from  the  shortness  of  the  neck  and  the  small  size  of  the  trachea. 

ASPHYXIA  OR  APNOEA. 

Asphyxia,  or,  as  it  is  more  correctly  termed,  Apnoca,  may  arise  from  various- 
causes.    The  following  classification  is  derived  from  a  table  by  Harlcy. 

1 .  Mechanical  Impediment  to  the  Entrance  of  Air  into  the  Lungs. 
A.  From  Accident:  either  (1)  external,  as  in  pressure  on  the  trunk  pre- 


CAUSES  OF  ASPHYXIA— JJROWNING. 


821 


venting  expansion  of  the  chest ;  pressure  on  the  throat ;  smothering  ;  injury 
of  the  spinal  cord  causing  paralysis  of  the  respiratory  muscles  ;  penetrating 
•wound  of  the  chest,  admitting  air  ;  or  (2)  internal,  as  in  obstruction  of  the 
iauces  or  larynx  hy  foreign  bodies,  or  in  constriction  of  these  parts  from  the 
•■ap])lication  of  irritating  fluids.  B.  From  Disease;  as  in  pressure  on  the  trachea 
by  an  aneurism  or  other  tumour ;  oedema  of  the  glottis  ;  obstruction  of  the 
iiir-passage  by  tumour  ;  accumulated  mucus,  &c. 
2.  Drowning. 

:5.  Absence  of  Oxygen, — nitrogen,  hydrogen,  or  some  other  harmless  gas 

Ijeing  inhaled. 

4.  Accumulation  of  Carbonic  Acid  Gas  in  the  Blood, 
o.  Inhalation  of  Toxic  Gas  or  Vapour. 

Several  of  the  conditions  above  enumerated  as  i)roducing  apnoca  have  been 
already  described  in  the  preceding  pages  ;  and  others  Avill  be  considered  when 
•\ve  speak  of  diseases  of  and  operations  on  the  Air-passage.    In  this  place  Ave- 
Avill  speak  of  the  Surgical  management  of  cases  in  which  respiration  has  been 
susi)ended  by  Drowning,  Hanging,  and  the  respiration  of  Noxious  Gases. 

The  General  subject  of  Suspended  Animation  from  these  various  causes 
cannot  be  discussed  iiere,  but  we  must  briefly  consider  some  points  of  practical 
importance  in  its  treatment. 

In  cases  of  Drowning,  life  is  often  recoverable,  although  the  suflPerer  may 
have  been  in  the  water  for  a  considerable  time ;  for,  though  immersed,  he  may 
very  probably  not  have  been  submersed  during  the  whole  time.  The  period 
after  which  life  ceases  to  be  recoverable  in  cases  of  submersion  cannot  be  very 
accurately  estimated.  The  officers  of  the  Royal  Humane  Society,  who  have 
great  experience,  state  that  most  generally  persons  are  not  recoverable  who 
have  been  more  than  four  or  five  minutes  under  water.  In  these  cases, 
however,  although  submersion  may  not  continue  for  a  longer  period  than  this, 
the  process  of  asphyxia  does  ;  for  it  does  not  cease  on  the  withdrawal  of 
the  body  from  tiie  watei',  but  continues  until  the  blood  in  the  pulmonary 
vessels  is  aerated,  either  by  the  spontaneous  or  artificial  inflation  of  the  lungs. 
As  several  minutes  are  most  commonly  consumed  in  withdrawing  the  body 
from  the  water  and  conveying  it  to  land,  during  which  time  no  means  can  be 
taken  to  introduce  air  into  the  lungs,  Ave  must  regard  the  asphyxia  as  continuing 
during  the  whole  of  the  period  that  interA-cnes  betAveen  the  last  inspiration 
before  complete  submersion,  and  the  first  inspiration,  Avhether  artificial  or 
.spontaneous,  after  the  removal  of  the  body  from  the  Avater.  The  latest  time 
at  Avhich  life  can  be  recalled,  during  this  period,  is  the  measure  of  the  duration 
of  life  in  asphyxia.  If,  during  this  period,  the  action  of  the  heart  should  cease 
■entirely,  I  believe,  with  Brodie,  that  the  circulation  can  never  be  restored. 
But  although  we  may  put  out  of  consideration  those  marvellous  cases  of 
restoration  of  life  that  are  recorded  by  the  older  Avriters,  and  which  are 
evidently  miAvorthy  of  credence,  are  Ave  to  reject,  as  exaggerated  and 
apocrj^Aal,  cases  such  as  that  by  Smethurst,  in  Avhich  recovery  took  place 
after  ten  minutes'  submersion  ;  that  by  Douglas  of  Havre,  in  which  the  patient 
was  not  only  submersed,  but  had  actually  sunk  into,  and  Avas  fixed  in  the  mud 
at  the  bottom  of  the  harbour  for  fi-om  twelve  to  fourteen  minutes  ;  or  that  by 
Weeks,  in  which  the  submersion,  on  the  testimony  of  the  most  credible 
iffitnesses,  exceeded  half  an  hour  ?  I  think  that  it  would  be  uni)hilosophical 
in  the  extreme  to  deny  the  facts  clearly  stated  by  these  gentlemen  ;  the  more 
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BO  that  ill  these,  as  in  many  other  instances  of  apparent  death  from  drowning, 
life  appears  to  have  been  prolonged  by  the  patient  faUing  into  a  state  of  syncope 
at  the  moment  of  immersion.  AVe  must  therefore  not  despair  of  recovery,  but 
should  employ  means  of  resuscitation,  even  though  the  body  have  been  actually 
under  water  a  considerable  time. 

There  arc  certain  minor  means  often  employed  in  the  case  of  j^ersons  who- 
have  been  immersed  in  water,  and  are  apparently  drowned,  which  appear  to  be 
Avell  adapted  for  the  treatment  of  the  less  severe  forms  of  asphyxia,  or  rather 
cases  of  syncope  fi-om  fright  and  immersion  in  cold  water.  These  consist,  after 
the  nose  and  moutli  have  been  cleared  of  any  collections  of  mucus,  in  the  ap- 
plication of  heat  by  means  of  a  bath  at  about  the  temperature  of  100°  Fahr. 
until  the  natural  w^armth  is  restored ;  in  the  employment  of  brisk  friction ;  and 
in  passing  of  ammonia  to  and  fro  under  the  nostrils.  It  is  evident  that  these 
measures  can  have  no  direct  influence  upon  the  heart  and  lungs,  but  can  only 
•  act  as  general  stimuli  to  the  system,  equalizing  the  circulation  if  it  be  still 
going  on  ;  and,  by  determining  the  flow  of  blood  to  the  surface,  tending  to 
remove  those  congestions  that  are  not  so  much  the  consequences  of  the 
asphyxia,  as  of  the  sojourn  of  the  body  for  several  minutes  in  cold  water  ;  they 
would  therefore  be  of  especial  service  during  the  colder  seasons  of  the  year.  A 
hot  bath  may  also,  by  the  shock  it  gives,  excite  the  reflex  respiratory  move- 
ments. With  the  view  of  doing  this  with  a  greater  degree  of  certainty,  cold 
water  should  be  sprinkled  or  dashed  upon  the  foce  at  the  time  when  the  body 
is  immersed  in  the  hot  bath,  as  in  this  way  a  most  powerful  exciting  influence 
can  be  communicated  to  the  respiratory  muscles,  and  the  first  object  of  treat- 
ment in  all  cases  of  asphyxia — the  re-establishment  of  respiration — would  more 
rapidly  and  eflfectually  be  accomplished  ;  deep  gaspings  ensuing,  by  which  the 
air  would  be  sucked  into  the  remote  ramifications  of  the  air-cells,  aerating  the 
blood  that  had  accumulated  in  the  pulmonary  vessels,  and  enabling  it  to  find 
its  way  to  the  left  cavities  of  the  heart,  and  thus  to  excite  that  organ  to 
increased  activity.  These  means,  then,  are  useful  in  those  cases  of  asphyxia  in 
which  the  sufferer  has  been  but  a  short  time  submersed,  and  in  which  the 
heart  is  still  acting,  and  the  respiratory  movements  have  either  begun  of  their 
awn  accord  on  the  patient  being  removed  from  the  water,  or  in  which  they  are 
capable  of  being  excited  by  the  shock  of  a  hot  bath,  aided  by  the  dashing  of 
cold  water  in  the  face.  At  the  same  time  the  lungs  may  be  filled  with  pure 
air,  by  compressing  the  chest  and  abdomen,  so  as  to  expel  the  vitiated  air,  and 
then  allowing  them  to  recover  their  usual  dimensions  by  the  natural  resiliency 
of  their  parietes.  A  small  quantity  of  air  will,  in  this  way,  be  sucked  in  each 
time  the  chest  is  allowed  to  expand,  and  thus  the  re-establishment  of  the 
natural  process  of  respiration  may  be  much  hastened.  This  simple  mode  of 
restoring  the  vital  actions  should  never  be  omitted,  as  it  is  not  attended  Avith 
the  least  danger,  and  does  not  in  any  way  interfere  with  the  other  measures 
employed.  Marshall  Hall  has  recommended  that  the  patient  be  turned  prone, 
so  that  the  tongue  may  hang  for\vards,  and  the  larynx  thus  be  opened  ;  and 
that  respiration  l)e  then  set  up  ]jy  gentle  pressure  along  the  back,  and  bv 
turning  the  patient  on  his  side  at  regular  intervals.  If,  by  these  means, 
succeed  in  restoring  the  proper  action  of  the  respiratorv  movements  it  will 
be  necessary  merely  to  pay  attention  to  the  after-treatment.  Should  we  how- 
ever, fail  in  restoring  respiration,  we  should  have  recourse  to  other  and  moro 
active  measures. 
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In  the  more  severe  cases  of  asphyxia,  Avarmth  should  be  applied  by  means  of 
a  hot-air  l)ath,  by  which  the  natural  temperature  of  the  body  may  be  re-estab- 
lished. The  most  direct  and  efficient  means,  however,  that  we  possess  for 
the  rc-establis]iment  of  the  circulation  in  these  cases  is  certainly  Artificial 
Respiration.  In  this  way  alone  can  the  pulmonary  artery  and  the  capillaries 
of  the  lungs  be  unloaded  of  the  blood  that  has  stagnated  in  them,  and  the 
left  side  and  substance  of  the  heart  will  be  directly  and  rapidly  supplied  with 
red  blood.  The  whole  value  of  artificial  respiration  depends,  however,  upon 
the  way  in  which  it  is  employed.  Inflation  is  not  very  eifectual  from  the 
mouth  of  an  assistant  into  the  nostrils  or  mouth  of  the  sufferer,  as  air  once 
respired  is  not  well  fitted  for  the  resuscitation  of  the  few  sparks  of  life  that  may 
be  left,  but  it  is  in  many  instances  the  readiest  and  indeed  the  only  mode  by 
which  respiration  can  be  set  up,  especially  if  water  or  other  fluids  ha^-e  found 
their  way  into  the  mouth. 

The  bellows,  if  properly  constructed  for  artificial  inflation,  so  that  the 
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quantity  of  air  injected  may  be  measured,  are  no  doubt  very  useful ;  and  if 
furnished  with  Leroy's  trachea-pipes,  or,  what  is  better,  with  nostril  tubes,  may 
be  safely  employed.  About  fifteen  cubic  inches  of  air  may  be  introduced  at 
eacli  stroke  of  the  bellows,  and  these  should  be  worked  ten  or  a  dozen  times  in 
a  minute.  The  lungs  should  be  emptied  by  compression  of  the  chest  before 
beginning  to  inflate,  and,  after  each  inflation,  by  compressing  the  chest  and 
al)domen  ;  but  care  must  also  be  taken  not  to  employ  much  force,  lest  the 
air-cells  be  ruptured.  Eichardson  has  devised  a  pocket-bellows  for  artificial 
respiration,  consisting  of  two  elastic  hand-bellows  with  a  single  tube  for  intro- 
duction into  the  nostril.  A  safe,  and  at  the  same  time  a  very  efficient  mode  of 
introducing  pure  air  into  the  lungs,  is,  by  the  elastic  expansion  of  the  walls 
of  the  chest.  This  may  be  effected  by  alternately  compressing  the  chest  and 
abdomen  with  the  hand,  and  then  removing  the  pressure  so  as  to  allow  the 
thorax  to  expand  by  the  natural  resiliency  of  its  parietes,  and  thus,  each 
time  it  expands,  to  allow  a  certain  quantity  of  air  to  be  sucked  into  the 
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brouchi.  A  rnucli  more  efficient  method,  however,  is  that  recommended  by 
.Silvester,  and  adopted  by  the  Royal  Humane  Society.  It  is  caiTied  out  m  the 
followin*^  way.  The  patient  is  laid  on  a  flat  surface  on  his  back,  with  the 
head  and  slioulders  slig-htly  raised  on  a  pillow.  The  tongue  should  be  drawn 
and  held  forwards.  The  arms  are  then  to  Ijc  grasped  just  al)Ove  the  elbows, 
and  to  be  drawn  gently  and  steadily  upwards  abo^-e  the  head  and  pulled  upon 
slightly,  so  as  to  drag  on  the  great  pectoral  muscles  (Fig.  341).  In  this  position 
they  are  kept  for  two  seconds  ;  they  are  then  to  be  brought  downwards,  and 
to  be  pressed  for  two  seconds  firmly  against  the  sides  of  the  chest  (Fig.  342) ; 
at  the  same  time  an  assistant  may  compress  the  lower  ribs  and  push  up  the 
liver  and  diaphragm.  These  movements  are  to  be  repeated  deliberately  about 
fifteen  times  in  the  minute,  until  natural  efforts  at  respiration  are  induced, 
•when  they  are  to  be  discontinued,  and  the  ordinary  means  to  promote  circula- 
tion and  warmth  employed.  The  quantity  of  air  introduced  need  not  be  large  ; 


Fig.  342. — Silvester's  SleUiod — Expiration. 

for,  by  the  law  of  the  diff'usion  of  gases,  if  oxygen  be  introduced  only  into  the 
larger  divisions  of  the  bronchi,  it  will  rapidly  find  its  way  into  the  ultimate 
ramifications  of  these  tubes.    This  last  means  of  inflation  has  the  additional 
advantage  of  resembling  closely  the  natural  process  of  respiration,  which  is  one 
of  expansion  from  without  inwards,  and  not,  as  when  the  mouth  or  bellows  are  • 
iised,  of  pressure  from  within  outwards.    In  one  case  the  lungs  are,  as  it  were, 
drawn  outwards,  the  air  merely  rushing  in  to  fill  up  the  vacuum  that  would . 
otherwise  be  produced  within  the  thorax  liy  the  expansion  of  its  parietes  ;  in  . 
the  other  they  are  forcibly  pressed  up  from  within,  and  hence  there  is  a  danger' 
of  rupture  of  the  air-cells.    Care  must  be  taken  not  to  use  too  much  violence : 
in  compressing  the  chest.    I  have  known  a  case  in  which  the  sternum  and! 
several  ribs  were  broken  in  an  old  man  during  the  employment  of  this  method. . 
In  case  a  battery  be  at  hand,  Faradization  of  the  i)hrcnic  nerve  forms  ai 
valuable  adjunct  to  the  method  of  artificial  respiration.    It  is  thus  carried  1 
out.    It  must  first  be  ascertained  that  the  current  is  of  sufficient  strength  to. 
cause  vigorous  contraction  of  the  muscles  of  the  ball  of  the  Surgeon's  thumb. 
The  person  in  charge  of  the  battery  should  stand  on  the  right  side  of  the? 
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liationt  and  press  one  rhcopliore  well  down  on  the  i)hrenic  nerve  at  the  outer 
border  of  the  sterno-mastoid,  where  the  nerve  lies  on  the  scalenus  anticus,  and, 
while  the  person  in  charge  of  the  Sylvester  method  of  artincial  respiration 
raises  the  arms  he  should  press  the  other  rheophore  on  the  right  side  of  the 
thorax  in  the  sixth  intercostal  space  ;  when  the  arms  are  depressed  he  should 
remove  the  rheophore.  If  it  is  successfully  carried  out  a  distinct  rush  of  air 
will  be  heard  to  enter  the  month  as  the  rheoiihoro  is  a]iiilied  to  the  side. 

Inflation  of  the  Lungs  with  Oxygen  Gas  is  likely  to  be  of  great  service 
in  extreme  cases  of  asphyxia.  I  have  found  by  ex2)eriment  that  the  contrac- 
tions of  the  heart  can  be  excited  by  inflating  the  lungs  with  this  gas,  when 
the  introduction  of  atmospheric  air  fails  in  doing  so  ;  and  there  are  cases  on 
record  in  which  resuscitation  was  effected  by  inflating  the  lungs  Avith  oxygen, 
when  in  all  probability  it  could  not  have  been  effected  l)y  any  other  means. 
In  my  Essay  on  "  As]ihyxia  "  -will  be  found  a  case  of  resuscitation,  in  which 
oxygen  was  successfully  administered  by  Weeks  after  the  asphyxia  had  continued 
three-quarters  of  an  hour. 

WhatcA'er  means  of  resuscitation  are  adopted,  they  should  l)e  contimied  for 
at  least  three  or  four  hours,  even  though  no  signs  of  life  show  themselves ;  and 
after  ordinaiy  respiration  has  been  re-established,  the  patient  should  be  kept 
quiet  in  bed  for  some  hours.  The  danger  of  the  supervention  of  Secondary 
Asphyxia  after  recovery  has  apparently  taken  place  is  much  increased,  and 
indeed  is  usually  brought  about,  by  some  effort  on  the  part  of  the  patient  that 
tends  to  embarrass  the  partially  restored  action  of  the  heart  and  lungs.  The 
patient,  being  to  all  appearance  resuscitated,  is  allowed  to  get  and  walk 
home,  when  the  symptoms  of  asphyxia  speedily  return.  Should  symptoms  of 
secondary  asphyxia,  such  as  stupor,  laborious  respiration,  dilatation  of  the 
pupils,  and  convulsions,  manifest  themselves,  artificial  respiration  should  be 
immediately  set  up,  and  be  maintained  until  the  action  of  the  heart  has  been 
fully  restored. 

Asphyxia  from  the  Respiration  of  Noxious  Gases,  such  as  carbonic  acid, 
ie  best  treated  by  exposing  the  surface  of  the  body  to  cold  air,  by  dashing 
cold  water  upon  the  face,  and  by  setting  up  artificial  respiration  without 
delay,  if  the  impression  of  cold  upon  the  surface  do  not  excite  these  actions. 
There  is  a  peculiar  variety  of  this  kind  of  asphyxia,  which  is  occasionally 
met  with  among  infants,  the  true  nature  of  which  was  pointed  out  to  me  by 
Wakley,  who,  as  coroner,  had  abundant  opportunities  of  witnessing  it,  as  it  is 
not  an  uncommon  cause  of  accidental  death  amongst  the  children  of  the  poor. 
It  is  that  condition  in  which  a  child  is  said  to  have  been  overlaid;  tlie  child, 
sleeping  with  its  mother  or  nurse,  being  found  in  the  morning  suffocated  in  the 
'  bed.  On  examination  no  marks  of  pressure  will  be  found ;  but  the  I'ight 
'Cavities  of  the  heart  and  lungs  are  gorged  with  blood,  and  the  surface  is 
livid,  clearly  indicating  death  by  asjihyxia.  That  this  accident  is  not  the  re- 
sult of  the  jnother  lying  upon  her  child,  is  not  only  evident  from  the  ]>ost  morlem 
appearances,  but  was  clearly  pro\  ed  by  a  melancholy  case  to  which  I  was  called 
several  years  ago,  in  which  a  mother,  on  waking  in  the  morning,  found  her  twin 
infants  lying  dead,  one  on  each  side  of  her.  Here  it  was  evident,  from  the 
position  of  the  bodies,  that  she  could  not  have  overlayed  both.  The  true  cause 
)of  death  is  partly  the  inhalation  of,  and  slow  suffocation  by,  the  vitiated  air 
which  accumulates  under  the  bed-clothes  that  have  been  drawn,  for  the  sake  of 
warmth,  o'.cr  the  child's  head,  and  partly  the  diminished  supply  of  oxygen. 
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In  sucli  cases,  resuscitation  by  artificial  respiration  should  always  be  attempted 
if  any  signs  of  life  be  left. 

Asphyxia  from  the  respiration  of  Carbonic  oxide  is  more  frequent  than 
Surgeons  are  apt  to  imagine.  As  has  been  already  stated  in  the  chapter  on 
Burns,  death  often  takes  place  in  cases  where  buildings  are  on  fire  from 
poisoning  by  the  respiration  of  carbonic  oxide.  According  to  Leblanc,  it  is 
this  gas  that  is  the  poisonous  agent  given  ofiF  in  the  fumes  of  charcoal.  The 
(Effect  of  the  respiration  of  carbonic  oxide  gas  is  to  deprive  the  red  coi-puscles 
of  their  power  to  carry  oxygen,  and  death  takes  place  rather  fi'om  the  want  of 
oxygen  than  from  the  poisonous  action  of  carbonic  oxide  itself. 

The  inhalation  of  oxygen  is  of  service  in  such  cases  ;  but  it  must  be  borne 
in  mind  that  death  is  genei'ally  \qyj  rapid. 

In  cases  of  Hanging,  death  seldom  results  from  pure  asphyxia,  but  is 
usually  the  consequence,  to  a  certain  degree  at  least,  of  apoplexy,  and  possibly 
of  simultaneous  injury  of  the  spinal  cord.  In  these  cases,  bleeding  from  the 
jugular  vein  may  be  conjoined  with  artificial  respiration. 

If  there  should  be  a  difficulty  in  setting  up  artificial  respiration  through  the 
mouth  or  nose,  as  is  more  especially  likely  to  happen  when  the  patient  has 
been  suffocated  by  breathing  noxious  gases,  or  in  cases  of  hanging,  tracheotomy 
or  laryngotomy  should  at  once  1)e  performed,  and  the  lungs  inflated  through  the 
opening  thus  made  in  the  neck. 

INJURIES  OF  THE  PHARYNX  AND  CESOPHAQUS. 

Wounds  of  the  Q^soi'HAGUS  are  met  with  chiefly  in  cases  of  cut-throat,  in 
which,  as  has  been  already  stated  in  treating  of  this  injury,  they  occasion  much 
difficulty  by  interfering  with  deglutition. 

Foreign  Bodies  not  uncommonly  become  impacted  in  the  phaiynx  and 
oesophagus,  and  may  produce  great  inconvenience  by  their  size  or  shape.  If 
large,  as  a  lump  of  meat,  the  sul)stance  may  lodge  in  the  lower  part  of  the 
pharynx  and  compress  or  occlude  the  orifice  of  the  glottis,  and  at  once 
suffocate  the  patient.  If  of  smaller  size,  as  a  gold  plate  with  false  teeth  or  a 
coin,  it  may  lodge  at  the  lower  end  of  the  pharynx  where  it  is  narrowed  by 
the  projection  of  the  larynx  backwards.  It  must  be  remembered  that  any  flat 
body,  such  as  a  coin,  if  it  lodge  in  this  situation,  will  almost  invariably  lie  with 
its  surfaces  looking  backwards  and  forwards.  If  the  foreign  body  be  arrested 
beyond  this  point,  it  will  usually  be  near  the  termination  of  the  oesophagus. 
When  it  is  small  or  pointed,  as  a  fish-bone,  pin,  or  bristle,  it  may  become, 
entangled  in  the  folds  of  mucous  membrane  that  stretch  from  the  root  of  the 
tongue  to  the  epiglottis,  or  that  lie  along  the  sides  of  the  pharynx.  In  some 
cases  it  may  even  perforate  these,  penetrating  the  substance  of  the  larynx,  and 
thus  producing  intense  local  irritation,  cough,  dyspnoea,  and  suffocation! 
The  foreign  body,  by  transfixing  the  coats  of  the  oesophagus,  may  seriously 
injure  some  neighbouring  parts  of  importance.  Thus,  in  a  curious  case 
admitted  into  the  University  College  Hospital,  a  juggler,  in  attempting  to 
swallow  a  blunted  sword,  by  pushing  it  down  his  throat,  perforated  the 
oesophagus  and  wounded  the  pericardium  ;  death  consequently  resulted  in  the 
course  of  a  few  days. 

The  Symptoms  occasioned  by  the  impaction  of  a  foreign  body  in  the  food- 
passages  are  sufficiently  evident.  The  sensations  of  the  patient,  who  usually 
complains  of  uneasiness  about  the  top  of  the  sternum,  difficulty  in  swallowing 
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solids,  and  perhaps  an  urgent  souse  of  suffocation,  lead  to  tlie  detection  of  tlie 
accident.  Should  any  doubt  exist,  the  Surgeon  may,  by  introducing  his  finger, 
explore  nearly  the  whole  of  the  pharynx,  and  should  examine  the  o?soi)hagus. 
by  the  cautious  introduction  of  a  well-oiled  probang. 

If  the  impaction  be  allowed  to  continue  unrelieved,  not  only  may  deglutition 
and  respiration  be  seriously  interfered  with,  but  ulceration  of  the  oesophagus 
Avill  take  place,  and  abscess  form  either  behind  it  or  between  it  and  the  trachea  ; 
or  fatal  hemorrhage  may  ensue  by  perforation  or  ulceration  of  neighbouring 
blood-vcssels. 

^  The  Treatment  must  depend  upon  the  nature  of  the  foreign  body  and  it» 
situation.  Should  it  be  large,  blocking  up  the  pharynx  so  as  to  render  respira- 
tion impracticable,  it  may  be  hooked  out  by  the  Surgeon's  fingers.  Should 
asphyxia  have  been  induced,  it  may  be  necessary  to  perform  tracheotomy  or 
laryngotomy  at  once,  and  to  keep  up  artificial  respiration  until  respiration  is. 
fully  re-established  when  the  foreign  body  can  be  remo^-ed.  If  it  l)e  small  or 
pointed,  as  a  fish-bone  or  pin,  for  instance,  though  it  have  lodged  high  up, 
the  Surgeon  will  usually  experience  great  difficulty  in  its  removal,  as  it  becomes, 
entangled  between  and  is  covered  in  by  the  folds  of  the  mucous  membrane, 
where  from  its  small  size  it  may  escape  detection.  In  these  cases  an  expand- 
ing probang  will  be  found  usefnl.  After  the  foreign  body  has  been  removed, 
the  patient  will  exi^erience  for  some  time  a  pricking  sensation,  as  if  it  were 
still  fixed.  If  the  impacted  body  have  passed  low  down  into  the  oesophagus, 
the  Surgeon  must  deal  with  it  according  to  its  nature.  A  coin  can  usually  be 
caught  by  the  instrument  known  as  a  "coin-catcher,"  and  removed  without 
difficulty.  If  the  body  be  smooth  and  soft,  as  a  piece  of  meat  for  instance,  it 
may  be  pushed  down  into  the  stomach  by  the  gentle  pressure  of  the  probang. 
If,  however,  it  be  rough,  hard,  or  sharp-pointed,  as  a  piece  of  earthenware,  or 
bone,  or  a  metallic  plate,  with  false  teeth  attached,  such  a  procedure  would 
certainly  cause  perforation  of  the  oesophagus,  and  serious  mischief  to  the  parts 
around  ;  in  these  circumstances,  therefore,  an  attempt  at  extraction  should  be 
made  by  means  of  long  slightly-curyed  forceps,  constructed  for  the  purpose. 

The  foreign  body  occasionally  becomes  so  firmly  impacted  in  the  jjharynx 
or  oesophagus,  that  the  employment  of  any  degree  of  force  for  extracting  it 
would  be  attended  with  danger  of  perforating  the  oesophagus  or  transfixing  the 
large  vessels  of  the  neck  ;  in  these  circumstances  it  may  become  necessary 
to  open  the  tube  aiul  thus  remove  it.  Tlie  operation  of  Pharyngotomy  or 
(Esophagotomy  is  seldom  called  for  ;  if  required,  it  may  be  performed  by 
making  an  incision  about  four  inches  in  length  along  the  anterior  border  of  the 
left  sterno-mastoid  muscle,  the  cesopliagus  naturally  curving  somewhat  towards 
the  left  side.  The  dissection  must  then  be  carried  with  great  caution  between 
the  carotid  sheath  and  the  larynx  and  trachea  in  a  direction  Iwckwards,  tha 
omo-hyoid  muscle  having  been  divided  in  order  to  afford  room.  Care  must  be- 
takcu  in  this  deep  dissection  not  to  wound  either  of  the  thyroid  arteries,  more 
especially  the  inferior  one,  which  will  be  endangered  by  canying  the  incisions- 
too  low.  AYhcn  the  pharynx  or  the  oesophagus  has  been  reached,  a  sound  or 
catheter  should  be  passed  through  the  mouth  into  this  cavity,  and  pushed 
forwards  so  that  its  point  may  cause  the  walls  to  project,  and  thus  serve  as  a 
guide  to  the  Surgeon.  This  must  then  be  cut  upon,  and  the  ai)erture  thus, 
made  in  the  gullet  enlarged,  by  means  of  a  probe-pointed  bistoury,  to  a  suffi- 
cient size  to  allow  the  removal  of  the  extraneous  substance. 
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Hai-d  and  perfectly  indigestible  foreign  bodies,  sncli  as  artificial  teeth,  are 
;6ometimes  accidentally  swallowed  during  sleep  or  an  epileptic  fit,  and,  passing 
through  the  pharynx  and  oesophagus,  drop  into  the  stomach.  In  these  circum- 
-i5tanct°s,  there  are  two  courses  open  to  the  Surgeon  ;  cither  to  endeavour  to 
<.'xtract'the  foreign  substance,  or  to  leave  it,  and  aUow  it  to  pass,  if  possible, 
2)er  aiium.    I  think  that  the  line  of  practice  to  be  followed  should  depend  on 
Avhether  the  foreign  body  produce  irritation  in  the  stomach  or  not.    If  it 
irritate,  giving  rise  to  continued  efforts  at  vomitiug,  it  should,  if  possible,  be 
■extracted.    In  order  to  do  this,  an  ivory-balled  jjrobang  should  first  be  passed 
in  to  ascertain  the  situation  of  the  foreign  Ijody.    After  this  has  ])een  heard 
.and  felt,  we  may  adopt  the  plan  successfully  employed  by  Little — who  removed 
hooked  plate  containing  five  artificial  teeth  from  the  stomach  of  a  woman — 
of  introducing  a  " coin-catcher  "  so  as  to  search  for,  secure,  and  then  extract  it. 
In  doing  this,  there  is  of  course  a  great  probalulity  that  the  mass  Avill  be  drawn 
up  sideways  ;  and  that  it  may,  if  broad,  hitch  in  the  pharynx,  whence  it  must 
be  detached  as  well  as  the  Surgeon  can  manage  by  a  judicious  combination  of 
force  and  skill.    Should  the  foreign  body  be  small,  as  a  coin,  or  even  angular 
.iind  sharp-pointed,  as  a  plate  with  artificial  teeth,  and  should  it  not  irritate 
the  stomach,  it  had  better  be  left  to  pass  through  the  intestines.    When  it  is 
thus  left,  the  patient  should  take  neither  purgati^'es  nor  opiates.    Both  are 
injurious  :  the  purgatives  by  increasing  the  irritation  of  the  bowels  and 
the  chance  of  their  being  wounded  by  sharp  and  projecting  points  from 
■the  plate  ;  the  opiates  by  arresting  its  progress.    The  better  plan  is  to  keep 
the  patient  in  bed,  perfectly  quiet,  and  to  give  him  an  abundance  of  jKiltaceous 
food.    By  adopting  this  plan  I  have  succeeded  in  getting  a  gold  plate,  with 
;three  molar  teeth  and  a  sharp  curved  clasping  hook  at  each  end,  to  pass 
without  the  slightest  difiiculty  or  pain  four  days  after  it  was  swallowed  by 
;a  gentleman  about  25  years  of  age.    No  attempt  need  ever  be  made  tu 
■extract  small  coins  from  the  stomach,  as  they  will  always  easily  pass  througli 
the  intestinal  canal. 

If  the  body  be  of  such  a  nature  that  it  is  impossible  to  remove  it  through 
the  oesophagus,  and  it  is  equally  unlikely  that  it  can  pass  safely  through  the 
intestines,  the  operation  of  gastrostomy  must  be  performed.  This  is  seldom 
required  except  in  the  case  of  the  swallowing  of  a  fork  or  knife,  or  some  such 
instrument,  either  intentionahy  l)y  a  lunatic,  or  accidentally  during  drunken- 
aiess,  or  while  performing  a  trick.  The  foreign  body  when  of  tlds  size  can 
usually  be  felt  Avithout  difiiculty  through  the  abdominal  wall.  The  oi)eration 
•of  gastrostoiny  for  the  removal  of  foreign  bodies  has  been  singularly  successful. 
Durham  states  that  of  ten  recorded  cases  only  one  died,  and  in  that  one 
ffisophagotomy  had  been  previously  performed.  The  operation  will  be  described 
in  the  chapter  o]i  stricture  of  the  oesophagus. 
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INJURIES  OF  THE  CHP]ST. 

Wounds  of  the  Chest- Walls  are  not  of  such  frequent  occurrence  now' 
as  formerly  in  the  days  of  duelling.  The  soft  tissues  may,  however,  be  con- 
tused, torn,  or  cut.  The  thoracic  muscles,  especially  the  pectorals,  are  some- 
times ruptured  by  force  applied  to  the  arms  when  abducted  or  raised  above- 
the  head.  The  great  pectoral  muscle  has  been  torn  in  a  boy  who  attempted 
to  drop  from  hand  to  hand  three  rungs  of  a  ladder  at  a  time.  Extravasatioui 
of  blood,  and  even  inflammation  and  suppuration,  may  result  from  such 
injury.  Subpectoral  abscess  may  occur  from  injury  of  the  pectoral  muscles,, 
or  of  the  areolar  tissue  beneath  them,  or  it  may  form  without  any  apparent' 
cause.  The  pus  must  be  evacuated  early.  This  may  be  done  by  making  an 
incision  through  the  skin  and  then  tearing  through  the  fibres' of  the  muscles, 
after  the  manner  recommended  by  Mr.  Hilton  for  the  emptying  of  sub-mus- 
cular or  deep-seated  abscesses. 

Wounds  of  the  chest  derive  their  principal  interest  and  importance  from' 
the  accompanying  injury  of  the  lungs,  heart,  or  larger  blood-vessels.  When 
the  soft  parietes  alone  are  wounded,  the  injury  differs  in  nothing  from  similar 
lesions  in  other  parts  of  the  body  ;  except  that  it  is  usually  slower  in  healing, 
in  consequence  of  the  want  of  rest  caused  by  the  movements  of  respiration. 
This  is  especially  the  case  when  the  muscular  parietes  are  furrowed  by  bullets. 
If  the  Surgeon  be  in  doubt  whether  the  cavity  of  the  chest  have  been  pene- 
trated or  not,  he  may  endeavour  to  ascertain  this  point  by  careful  examination 
with  the  finger,  but  he  should  never  introduce  a  probe  ;  it  is  better  for  him 
to  wait  and  to  be  guided  in  his  opinion  by  the  symptoms  that  manifest  them- 
selves, rather  than,  by  probing  the  wound,  to  run  the  risk  of  converting  it  into 
what  he  dreads — a  penetrating  wound  of  the  chest. 

INJURIES  OF  THE  LUNG. 

Contusion  of  the  Lung  without  injury  to  the  pleura  covering  it  may  happen 
from  severe  blows  on  the  chest,  as  from  falls  from  horseback  or  kicks  on  tho 
side.  It  may  be  complicated  with  fracture  of  one  or  more  ribs  ;  l)ut  this  is 
not  necessarily  a  concomitant  of  the  injury.  T'hc  symptoms  are  as  follows. 
After  the  receipt  of  the  blow,  the  patient  is  seized  with  diiticnlty  in  breathing,, 
which  is  apt  to  become  paroxysmal,  so  as  to  resemble  asthma.  There  is. 
expectoration,  at  first  of  mucus  untinged  with  blood.  On  listening  to  the- 
chest,  coarse  crepitation,  with  some  dulness  on  percussion,  will  be  found  over 
the  injured  part  of  the  lung.  After  some  days,  the  patient  coughs  up  a  small, 
quantity  of  dark,  coagulated,  viscid  blood  ;  and  the  sputa  may  be  tinged  for- 
some  time  afterwards!  The  dyspnoea  and  cough  become  much  relieved,  audi 
recovery  gradually  takes  place. 

It  is  probable  that  in  these  cases  the  lung  is  ecchymosed  at  the  time  of  the- 
injury,  and  that  the  blood  extravasated  in  its  tissue  gradually  breaks  down^ 
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being  then  discharged  by  coughing  in  the  viscous,  serai -cotigulated  state  above 
described— very  different  from  the  florid  ft-othy  sputum  of  recent  lung- 
wound. 

Rupture  of  the  Lung,  that  is  to  say,  a  contused  wound  with  laceration 
of  the  visceral  pleura,  has  occasionally  been  observed  as  the  result  of  violent 
compression  in  some  cases  without  fracture  of  the  ribs.  Thus,  a  young  woman 
was  brouglit  into  University  College  Hospital  a  few  years  ago,  who  had  thi'own 
herself  from  a  first-floor  window,  and  had  fallen  with  her  chest  against  an  iron 
bar.  She  died  soon  after  admission,  and  it  was  found  that  death  had  resulted 
from  hsemorrhage  from  a  laceration  of  the  root  of  the  right  lung.  The  cliest 
walls  were  extremely  elastic,  and  no  fracture  of  the  rib  had  taken  place.  The 
symptoms  are  identical  with  those  of  a  wound  of  the  lung.  Rupture  of  the 
lung  is  a  dangerous  accident,  but  not  necessarily  fatal. 

Wound  of  the  Lung  is  the  most  common,  and  one  of  the  most  serious 
complications  of  injuries  of  the  chest.  Wounds  of  the  lung  may  be  divided 
into  those  which  communicate  Avith  the  external  air  by  a  wound  penetrating 
the  walls  of  the  thorax,  and  those  which  do  not.  In  an  organ  like  the  lung 
which  contains  air,  this  distinction  might  seem  of  but  little  importance  ;  but 
as  has  already  been  pointed  out,  it  is  the  dust  of  the  air,  and  not  the  gases, 
M'hich  gives  rise  to  decomposition  of  extravasated  blood  or  inflammatory 
effusions.  The  well-known  experiment  of  Tyndall,  in  which  he  showed  that 
the  residual  air — that  is  to  say,  the  last  part  of  the  air  driven  out  from  tlie 
smaller  bronchial  tubes  and  the  air- vesicles  by  forced  expiration — contains 
no  dust,  proves  that  all  the  solid  particles  floating  in  the  atmosphere  are 
deposited  in  the  larger  tubes  ;  and,  consequently,  unless  the  wound  be  of 
sufficient  depth  to  open  these,  there  is  no  reason  to  fear  that  decomposition 
Avill  take  place  in  the  ca^-ity  of  the  pleura,  even  though  a  considerable  quantity 
of  air  may  escape  from  the  wound  of  the  lung.  Wounds  of  the  lung  vary  als«  > 
•greatly  in  severity — from  the  superficial  puncture  produced  by  the  pointed 
fragments  of  a  broken  rib,  to  a  deep  stab  liy  a  sword-thrust,  or  the  wound 
produced  by  a  fragment  of  shell  or  a  bullet.  ^  The  general  constitutional  effects 
will  necessarily  vary  in  accordance  with  the  nature  and  extent  of  the  injiny. 

The  pleura  may  be  opened  at  any  part,  and  it  is  important  to  remember  its 
iinatomical  relations.    Its  upper  part  extends  into  the  root  of  the  neck  from 
one  to  two  inches  above  the  anterior  end  of  the  first  rib,  or,  according  to 
Pansch,  from  half  an  inch  to  one  and  a  half  inches  above  the  clavicle.  Below 
ihe  limits  of  the  pleura  are  as  follows  ;  behind  they  both  reach  to  the  twelfth 
rib,  and  sometimes  a  little  below  it  ;  in  the  axillary  line  the  right  ]3leui-a 
extends  to  the  lower  border  of  the  ninth  rib,  and  the  left  to  the  lower  edge  of 
tenth ;  in  front  the  right  pleura  reaches  to  tlie  junction  of  the  seventh  rib 
with  its  cartilage,  and  the  left  a  little  lower.    Thus,  a  stab  in  the  neck  one 
and  a-half  inch  a])ove  the  clavicles  may  reach  it,  and  a  shot  in  the  back  that 
•sliatters  the  twelfth  rib  will  woimd  it  in  its  inferior  pouch,  where  it  is 
I'cflected  off  the  last  rib  on  to  the  diaphragm.    In  a  penetrating  wound  of 
the  chest,  so  low  down  as  this,  the  diaphragm  comes  into  such  close  contact 
with  its  posterior  walls  that  it  could  scarcely  escape  injury.    The  abdominal 
cavity  would  thus  be  opened,  and  some  of  its  viscera  probably  injured.  As 
the  lung  does  not  descend  below  the  tenth  rib,  it  could  be  wounded  only  as 
low  as  the  ninth  intercostal  space  in  the  back,  unless  the  tenth  rib  itself  were, 
penetrated. 
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Tlie  Symptoms  of  a  wound  of  tlic  lung  are  usually  sufficiently  well  marked, 
though  they  necessarily  vary  with  the  extent  of  the  iujury.  There  is,  in  the 
first  place,  the  immediate  shock  that  usually  accompanies  the  infliction  of  an 
injury  on  an  important  internal  organ,  in  severe  cases  amounting  to  extreme 
collapse.  The  patient  is  at  the  same  time  seized  with  considerable  difficulty 
of  breathing,  and  in  consequence  of  the  injury  to  the  parictes,  the  respiration 
is  as  a  rule  chiefly  abdominal  ;  this  is  followed  by  much  tickling  and  irritating 
cough,  and  the  expectoration  of  frothy  bloody  nuu-us  ;  or,  if  a  large  vessel  is 
■wounded,  great  quantities  of  pure  blood  may  be  brought  up.  On  auscultating 
the  chest  immediately  after  the  infliction  of  the  injury,  loud  coarse  rales  will 
be  heard,  caused  by  the  presence  of  blood  in  the  smaller  bronchial  tubes. 

Complications. — In  order  to  sa^•e  repetition  and  to  make  the  subject  more 
clear,  it  will  be  better  first  to  describe  the  complicatious  that  may  attend 
wounds  of  the  lung.  The  principal  dangers  attending  a  wound  of  the  lung 
arise  from  bleeding,  both  external  and  internal,  the  occurrence  of  Hemo- 
thorax, Pneumothorax,  Emphysema,  Pneumonia,  and  Empyema. 

1.  The  Haemorrhage  varies  with  the  part  of  the  lung  wounded,  and  the 
extent  of  the  wound.  If  the  large  vessels  near  the  root  are  implicated,  death 
occurs  almost  instantaneously  from  loss  of  blood  and  suffocation.  If  the 
surface  only  is  injured,  the  bleeding  may  be  very  slight.  When  it  is 
abundant  the  patient  spits  up  large  quantities  of  florid  fi'othy  blood,  a 
considerable  amount  of  which  may  be  swallowed  and  subsequently  vomited. 
If  it  do  not  prove  fatal,  this  bloody  expectoration  generally  ceases  in  a  gTeat 
measure  in  the  course  of  forty-eight  hours,  giving  way  to  sputa  of  a  rusty 
character.  If  there  be  a  free  external  wound,  there  may  also  be  copious 
bleeding  from  it ;  but  not  unfrequently  the  blood  finds  its  way  into  the 
pleural  sac  rather  than  through  the  external  aperture  and  accumulates  in  it. 
If  there  is  no  external  wound,  such  blood  as  is  poured  out  from  the  surface  of 
the  lung  must  necessarily  find  its  Avay  into  the  pleura.  Death  may  arise 
either  from  the  exhausting  efiects  of  this  internal  and  concealed  hfemorrhage, 
or  from  suffbcation  through  the  pressure  exercised  on  the  lungs  by  the  blood 
in  the  pleura.  Although  bloody  expectoration,  to  some  extent  at  least,  is  an 
iaimost  necessary  and  invariable  accompaniment  of  a  wounded  lung,  yet  I 
have  seen  a  laceration  in  that  organ  three  inches  in  length,  occasioned  by  the 
projection  of  broken  ribs,  which  proved  fatal  on  the  seventh  day  from  hcemo- 
thorax  and  pleuritic  effusion,  unattended  by  any  expectoration  of  blood,  or 
other  positive  sign  of  wound  of  the  lung.  The  blood  in  these  cases  would 
probably  be  infiltrated  into  the  loose  tissue  of  the  lung  around  and  above  the 
wound,  where  it  would  coagulate  so  as  to  offer  a  barrier  against  its  escape  into 
the  bronchi,  while  it  was  being  jjoured  out  where  least  resistance  was  offered 
to  it — viz.,  at  the  point  of  injury  in  the  pleura.  Tiie  symptoms  of  this 
internal  haemorrhage,  Haemothorax,  are  those  that  generally  characterize  loss 
of  blood,  such  as  coldness  and  pallor  of  the  surface,  small  weak  pulse,  and  a 
tendency  to  collapse  with  increasing  dyspnoea.  The  more  special  signs  consist 
in  an  inability  to  lie  on  the  uninjured  side,  with,  in  extreme  cases,  some 
bulging  of  the  intercostal  spaces,  and  an  ecchymoscd  condition  of  the  posterior 
part  of  the  wounded  side  of  the  chest.  If  there  is  an  open  wound  there  will 
be  occasional  gushes  of  blood  from  it  when  the  patient  coughs.  The  most 
important  signs  are  furnished  by  physical  examination  of  the  chest.  As  the 
blood  gravitates  towards  the  back  of  the  chest,  between  the  posterior  wall  and 
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the  diaphragm,  there  will  be  gradually  increasing  dulness  on  percussion  in  this 
situation,  with  absence  of  respiratory  murmur  and  vocal  fremitus.  In  the 
upper  and  anterior  part  of  the  lung  air  continues  to  enter,  but  as  the  pressure 
increases  and  the  lung  becomes  more  completely  collapsed,  the  A-esicular 
murmur  will  be  lost,  and  the  breath  sound  become  tubular  in  character. 

An  ecchymosis  of  the  loins  descril)ed  by  Valentin,  and  noticed  by  Larrey 
and  others,  occasioned  l)y  the  filtration  of  blood  through  the  wound  or  rent 
in  the  pleura  costalis  into  the  areolar  tissue  of  the  chest,  has  been  looked 
upon  by  some  Surgeons  as  pathognomonic  of  ha;mothorax ;  its  importance, 
however,  is  secondary  to  that  of  the  auscultatory  signs,  as  in  many  cases  it 
has  not  been  met  with,  and  in  others  of  non-penetrating  wounds  of  the  chest 
it  has  occurred. 

2,  Emphysema,  or  the  infiltration  of  air  into  the  areolar  tissue  of  the 
body,  and  Pneumothorax,  or  the  accumulation  of  air  in  the  cavity  of  the 
pleura,  are  occasional  complications  of  a  wounded  lung.    These  accidents 
occur  more  commonly  when  the  external  wound  is  small  and  oblique,  than 
when  it  is  large  and  direct,  and  often  happen  in  those  cases  in  w^hich  the  lung- 
is  i^unctured  by  a  fractured  rib,  without  thei'e  being  any  external  wound. 
Emphysema  and  pneumothorax  may  occur  together,  but  either  may  also  be- 
met  with  separately.    The  mechanism  of  traumatic  emphysema  is  most- 
commonly  as  follows.    The  two  layers  of  the  pleura,  costal  as  well  as  visceral, 
being  punctured  and  torn,  and  the  lung  wounded,  a  quantity  of  air  is  sucked 
into  the  pleural  sac  at  every  inspiration,  either  through  the  external  wound,, 
or,  if  none  exist,  from  the  hole  in  the  lung,  thus  giving  rise  to  pneumo- 
thorax.   At  every  expiration,  the  air  that  thus  accumulates  in  the  pleural 
sac,  being  compressed  liy  the  descent  of  the  walls  of  the  chest,  is  pumped  into- 
the  areolar  tissue  around  the  edges  of  the  Avound  ;  and  if  this  be  oblique  and 
valvular,  or  if  no  external  wound  exist,  the  air  being  unable  to  escape  wholly- 
through  it,  finds  its  way  at  each  succeeding  respiration  further  into  the  large- 
areolar  planes,  first  about  the  trunk  and  neck,  and  eventually,  perhaps,  into 
those  of  the  body  generally.    Under  no  circumstances  can  any  air  find  its  way- 
back  into  the  bronchial  tubes,  for  although  a  wound  in  the  lung  allows  air  to* 
pass  readily  in  the  direction  of  the  pleura,  it  offers  a  vahe-like  resistance  to- 
any  passage  of  air  in  the  opposite  direction.  Though  this  is  the  way  in  whicli- 
the  most  marked  cases  of  emphysema  occur,  it  may  be  occasioned  otherwise^ 
Thus,  for  instance,  I  had  once  under  my  care  a  woman  who  had  extensive 
emphysema  of  the  areolar  tissue  of  the  trunk  from  fractured  ribs,  but  without 
any  pneumothorax,  the  lung  having  been  wounded  at  a  spot  where  it  was 
attached  to  the  walls  of  the  chest  by  old  adhesions,  and  the  air  having  passed 
through  them  into  the  areolar  tissue  of  the  body,  without  first  entering  the 
cavity  of  the  pleura.   I  have  seen  extensive  emphysema  occasioned  also  by  the 
apex  of  the  lung  being  wounded  by  the  fragments  of  a  comminuted  clavicle. 
Hilton  has  described  a  form  of  traumatic  emphysema  that  arises  from  the 
rupture  of  an  air-cell  without  any  external  wound.    The  air  passes  alono-  the 
root  of  the  lung  into  the  middle,  and  thence  into  the  superior  mediastinum  ; 
running  up  along  the  great  vessels  and  esophagus,  it  enters  the  neck  between 
the  layers  of  cervical  fascia  which  enter  the  thorax  in  front  of  the  great  vessels 
and  behind  the  oesophagus  respectively.    From  these  the  carotid  and  sub- 
clavian vessels,  with  their  nerves,  derive  sheaths,  so  the  air  now  runs  alon^^ 
these  structures  into  the  limbs  and  neck.  ^ 


COMPLICATIONS  OF  WOUND  OF  LUNG. 


833 


The  air  which  escapes  from  a  wound  of  the  hmg  is,  as  before  stated, 
thoroughly  filtered,  and  has  no  tendency  to  give  rise  to  putrefaction  of  the 
extravasated  blood  or  inflammatory  eifiisious  in  the  parts  about  the  wound, 
and  in  the  vast  majority  of  cases  of  simple  fracture  of  the  ribs,  complicated  by 
a  slight  wound  of  the  lung  and  subcutaneous  emphysema,  no  suppuration 
follows  the  accident.  I  have,  however,  seen  extensive  suppuration  in  the 
areolar  tissue,  so  that  the  broken  parts  of  the  fractured  ribs  lay  bathed  in  pus, 
when  the  emphysema  was  the  result  of  puncture  of  the  lung  by  the  broken 
rib,  without  any  wound  in  the  skin. 

The  Symptoms  of  Emphysema  are  very  distinct.  There  is  a  pufipy  diffused 
swelling,  pale  and  crackling  when  pressed  upon,  at  first  confined  to  the 
neighbourhood  of  the  wound,  if  there  be  one  externally ;  if  not,  making  its 
appearance  opposite  the  fi-actured  ribs,  and  gradually  extending  over  the 
upper  part  of  the  trunk  and  neck.  To  these  parts  it  is  usually  limited  :  in 
some  cases,  however,  which  are  happily  rare,  the  swelling  becomes  more 
general,  the  body  being  blown  up  to  an  enormous  size,  the  featm-es  effaced, 
movement  of  the  limbs  interfered  with,  respiration  arrested,  and  suffocation 
consequently  induced  ;  after  death,  air  has  been  found  in  all  the  tissues, 
even  under  the  serous  coverings  of  the  abdominal  organs.  The  rapidity  with 
which  the  emphysema  diffuses  itself  will  depend  largely  upon  the  nature  of 
the  opening  in  the  chest  wall,  whether  valvular  or  direct,  and  upon  whether 
the  patient  coughs  or  not — coughing,  if  violent,  causing  very  rapid  and 
extensive  infiltration  of  air  over  the  body.  I  have  seen  in  such  a  case  the 
scrotum  blown  up  to  the  size  of  a  cocoa-nut  five  minutes  after  the  chest  had 
been  punctured.  In  traumatic  2meumothm-ax  the  auscultatory  phenomena  are 
very  distinctly  marked  ;  there  is  a  diminution  or  complete  absence  of  the 
respiratory  murmur  and  of  vocal  fremitus  on  the  affected  side,  with  a  loud 
tympanitic  resonance  on  percussion,  displacement  of  viscera,  and  considerable 
distress  in  breathing.  If  the  pressure  in  the  pleura  becomes  veiy  great, 
respiration  may  be  completely  arrested  by  pressure  on  the  opposite  lung. 

3.  Pneumonia. — Every  wound  of  the  lung  is  necessarily  followed  by  a 
localised  traumatic  inflammation,  limited  to  the  parts  actually  injured. 
The  inflammatory  exudation  fills  the  air  vesicles,  and  thus  causes  a  consoli- 
dation of  the  lung  at  the  injured  spot.  This  is  a  necessary  stage  in  the  process 
of  repair,  and  in  subcutaneous  injuries  has  little  or  no  tendency  to  spread.  In 
cases  complicated  by  the  admission  of  unpurified  air  from  without,  decom- 
position of  the  extravasated  blood  and  inflammatory  effusion  frequently 
occurs,  and  the  presence  of  the  irritating  products  of  putrefaction  in  the  track 
of  the  wound  may  lead  to  an  extension  of  the  inflammation,  with  suppuration, 
and  occasionally  gangi-ene  of  a  portion  of  the  lung.  More  commonly  the  lung 
collapses,  in  consequence  of  the  pressure  of  blood  and  inflammatory  effusion  in 
the  pleura,  and  at  the  post-mortem  examination,  if  the  patient  should  die,  the 
consolidation  of  the  lung  is  found  to  extend  scarcely  beyond  the  parts  actually 
injured  by  the  missile  or  weapon  by  which  the  wound  was  inflicted.  The 
comparative  rarity  of  spreading  pneumonia  in  cases  of  gunshot-wound  of  the 
lung  is  specially  commented  on  in  the  Reports  of  the  Civil  War  in  America, 
and  was  noted  also  by  Klebs  and  Socin  in  the  Franco-German  War  of  1870. 

The  simple  locaUzed  traumatic  inflammation  consequent  on  an  injury  causes 
but  slight  constitutional  disturbance,  and  it  is  only  in  exceptional  cases  that  it 
could  give  rise  to  definite  physical  signs.    There  may  be  a  little  fine  crepita- 
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tioii,  and  possibly  a  recognizable  dulness  ;  but  more  comraonlj  the  physical 
signs  are  obscured  by  htemorrhage  into  the  lung  substance,  and  into  the  cavity 
of  the  pleura.    The  rusty  sputa  are  more  the  consequence  of  the  hseraorrhage 
into  the  air-vesicles  than  of  inflammatory  hyper£emia.   Should  spreading  septic 
inflammation  set  in,  the  constitutional  symptoms  are  much  more  grave,  very 
high  fever  being  caused  by  absorption  of  the  products  of  putrefaction,  the  tem- 
perature reaching  104°  F.  or  105°  F.    It  may  then  occasionally  be  possible  to 
recognize  the  ordinary  signs  of  pneumonia — hurried  respiration,  fine  crepitation, 
dulness  on  percussion,  increased  vocal  fremitus,  tubular  or  bronchial  breath- 
ing, and  increased  vocal  resonance, — but  far  more  commonly  all  these  signs  . 
are  wanting  in  consequence  of  the  simultaneous  inflammation  of  the  pleura, 
with  effiision  into  its  cavity.    The  pneumonia  that  occurs  as  a  consequence  of 
injury  differs  essentially  from  idiopathic  crupous  pneumonia.    The  disease  has  • 
of  course  no  fixed  locality,  starting  as  it  does  fi-om  the  wound,  and  it  has  much  i 
less  tendency  to  spread.    Moreover,  it  occurs  most  frequently  in  a  collapsed  or  • 
partially  collapsed  lung,  and  consequently  there  is  not  the  same  distension  of  the 
air-vesicles  with  inflammatory  exudation.   It  is  a  most  fatal  complication,  but 
not  hopeless.    If  free  drainage  be  provided  from  the  pleura,  the  mischief 
may  cease  to  spread,  granulations  may  spring  up,  and  the  wound  in  the  lung 
may  gradually  close.  I 

Foreign  bodies  are  frequently  carried  into  the  substance  of  the  lung  in  gun-- 
shot-wounds  of  the  chest.  If  these  are  metallic,  they  may  become  encysted ; : 
if  non-metallic,  as  pieces  of  clothing,  they  more  commonly  give  rise  to  suppu-- 
ration  ;  and  should  the  patient  recover,  may  ultimately  find  their  way  into  the? 
bronchi,  and  be  coughed  up. 

4.  Pleurisy  and  Empyema. — "Whenever  the  pleura  is  wounded,  whether 
it  be  by  a  fractured  rib  or  by  a  direct  open  wound,  and  whether  the  lung  be 
injured  or  not,  localized  traumatic  inflammation  necessarily  results,  and  the 
first  stage  in  the  repair  of  the  injury  in  the  serous  membrane  is  adhesion  of  ' 
the  two  opposed  surfaces  by  means  of  the  inflammatory  exudation.  After- 
wards firm  fibrous  adhesions  are  formed  between  the  parietal  and  visceral  pleurae 
at  the  injured  spot,  thus  obliterating  to  a  certain  extent  the  serous  sac.    Sub- • 
cutaneous  injuries  of  the  pleura,  such  as  are  made  by  the  ends  of  a  broken  rib, 
rarely  give  rise  to  any  serious  trouble.    The  inflammation  remains  strictly 
limited  to  the  injured  spot,  and  shows  little  tendency  to  spread.    Even  wheni 
the  physical  signs  have  shown  that  some  amount  of  blood  has  been  extrava-^ 
sated  into  the  cavity  of  the  pleura,  the  inflammation  rarely  reaches  the  stager 
of  suppuration  unless  there  is  an  external  wound.    If  there  is  an  externala 
wound,  the  condition  is  always  one  of  considerable  danger.     The  cavity 
of  the  pleura  is  partly  filled  with  extravasated  blood  and  inflammatory 
exudation,  that  is  to  say,  with  putrescible  matter,  to  which  the  air  has  free 
admission  by  the  external  wound  ;  at  the  same  time,  in  most  cases,  tlu 
drainage  by  the  wound  is  very  imperfect.    Decomposition  naturally  follows 
and  the  decomposing  matter  sets  up  the  most  intense  inflammation  of  tbt 
pleura,  rapidly  reaching  the  stage  of  suppuration.    The  lodgment  of  a  foreigi 
body  in  the  pleural  cavity  or  an  unhealthy  constitutional  condition  of  tht 
patient  necessarily  favours  the  formation  of  pus  in  the  pleura.    In  wounds  o 
the  pleural  cavity  which  follow  this  course,  the  effused  fluid  is  at  first  serum 
with  some  flakes  of  lymph  floating  in  it,  and  it  is  generally  mixed  with  blooi 
from  the  wounded  lung.    The  effusion  takes  place  very  rapidly,  so  as  to  hal 
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fill  one  side  of  the  chest  in  two  or  three  days.  By  abont  the  third  day  it 
becomes  turbid,  and  before  the  end  of  a  week  it  assumes  the  character  of  pus. 
The  discharge  from  the  wound  is  often  offensive,  is  extremely  acrid,  excoriat- 
ing the  skin.  The  constitutional  symptoms  are  most  severe,  the  temperature 
rising  to  104°  F.  or  105°  F.  The  patient  may  perish  during  the  first  week 
from  absorption  of  the  products  of  putrefaction.  Should  he  survive  till  sup- 
puration is  fully  established,  the  intensity  of  the  symptoms  subsides,  the 
cavity  ma-y  gradually  close,  and  recovery  take  place ;  or  death  may  ensue 
from  hectic  or  exhaustion  from  prolonged  suppuration.  The  discharge  in  these 
cases  is  sometimes  enormous  in  quantity,  and  composed  of  thin  serous  pus.  It 
may  be  sufficient,  not  only  to  soak  the  bed-clothes,  but  actually  to  run  thi'ough 
on  to  the  floor,  unless  the  dressings  are  very  frequently  changed. 

The  presence  of  fluid  in  the  pleura  may  be  recognized  by  the  physical 
signs  ;  dulness  on  percussion  and  absence  of  respiratory  murmur  at  the 
lower  and  posterior  parts  of  the  chest,  up  to  a  level  which  has  a  gradual  ten- 
dency to  ascend,  and  which  varies  according  as  the  patient  is  upright  or  re- 
cumbent ;  the  vocal  fremitus  is  abolished  over  the  fluid,  and  the  voice  sound 
is  muffled.  At  the  border  of  the  fluid  there  is  occasionally  asgophony.  In 
cases  in  which  there  is  no  external  wound,  or  in  which  it  has  been  closed, 
the  whole  side  of  the  chest  may  be  filled  with  fluid.  There  is  then  complete 
absence  of  all  breath-  and  voice-sonnds  and  of  vocal  fremitus,  with  increase  of 
size  on  measurement,  bulging  of  the  intercostal  spaces,  and  compression  of  the 
lung  against  the  spine  ;  and,  if  the  left  pleura  be  filled,  displacement  of  the 
heart  towards  the  right  side — if  the  right  pleura,  descent  of  the  liver  below 
its  normal  level.  When  the  pleuritic  effusion  and  extravasation  reach  such  a 
degree  as  this,  there  is  necessarily  great  dyspnoea,  and  death  will  usually 
speedily  ensue.  If  there  be  air  as  well  as  fluid  in  the  cavity  of  the  pleura, 
it  can  be  recognized  by  the  combination  of  the  signs  of  pneumothorax  at  the 
upper  part  of  the  chest,  with  those  of  fluid  at  the  lower.  Occasionally  distinct 
splashing  sounds  may  be  produced  by  gently  shaking  the  patient.  If  it  is 
desired  to  ascertain  the  nature  of  the  fluid  in  the  pleural  cavity,  a  small 
quantity  may  be  drawn  off  by  means  of  a  hypodermic  syringe. 

Collapse  of  the  Lung. — In  wounds  of  the  chest  as  soon  as  air  is  admitted 
to  the  ca^^ty  of  the  pleura  the  atmospheric  pressure  on  the  surface  of  the  lung 
and  within  the  air-vesicles  becomes  equal  and  it  would  be  naturally  supposed 
that  the  lung  would  at  once  collapse  by  virtue  of  its  own  elasticity.  This, 
however,  is  not  the  case.  The  chest  may  be  largely  opened  and  yet  no 
collapse  may  take  place.  This  seems  most  probably  to  be  due  to  the 
adhesion  of  the  two  smooth  moist  pleural  surfaces  to  each  other.  When 
collapse  of  the  lung  occurs  early  it  is  often  due  to  air  entering  the  pleura 
during  inspiration,  either  from  the  lung  or  from  without,  and  in  consequence 
of  the  valve-like  action  of  the  wounded  lung,  or  an  oblique  external  wound, 
being  unable  to  escape  during  expiration;  consequently,  as  the  chest  walls 
descend,  the  lung  is  squeezed  by  the  compressed  air.  This  may  be  repeated 
at  each  respiration  till  no  further  collapse  of  the  lung  is  possible.  In  the 
later  stages  it  may  be  due  to  compression  by  blood  or  by  inflammatory  eflFusion. 
The  complications  that  may  attend  wounds  of  the  lung  having  been  described 
we  are  now  in  a  position  to  consider  the  different  varieties  of  that  injury. 

Subcutaneous  Wounds  of  the  Lung  from  Fractured  Ribs.— Slight 
injuries  to  the  lung  are  extremely  common  in  fractures  of  the  ribs  by  direct 
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violence,  but  as  has  been  already  pointed  out,  are  much  less  likely  to  occur  in 
fractures  by  indirect  violence,  as  in  these  the  pointed  ends  of  the  fragments 
are  directed  outwards.  These  injuries  rarely  extend  deeply  into  the  lung. 
The  iLSual  symptoms  are  slight  hajinoptysis,  ceasing  by  the  second  day,  fol- 
lowed by  rusty  sputa  and  limited  dulness  round  the  injury,  and,  possibly,  at 
the  base  of  the  pleural  cavity  from  extravasated  blood.  There  may  be  a  little 
coarse  crepitation  from  blood  in  the  lung.  Emphysema  is  of  frequent  occur- 
rence, but  pneumothorax  is  a  rare  complication ;  it  seems  that  a  little  air 
readily  finds  its  way  across  the  pleural  cavity,  without  any  separation  of 
the  visceral  from  the  parietal  pleura,  probably  in  consequence  of  the  natural 
adhesion  of  two  smooth  moist  surfaces.  Occasionally  the  absence  of  air  in  the 
pleural  cavity  in  these  cases  may  be  due  to  the  presence  of  adhesions.  The 
emphysema  in  these  cases  is  rarely  extensive.  These  slight  wounds  of  the 
lung  in  a  healthy  subject  scarcely  add  to  the  gravity  of  the  case,  and  require 
no  treatment  beyond  that  of  the  fi-actured  rib. 

More  severe  wounds  of  the  lung  may  occur  from  fractures  of  the  ribs, 
accompanied  by  pneumothorax,  extensive  emphysema  and  hemothorax.  These 
are  occasionally  followed  by  pleurisy,  with  effusion  or  even  empyema.  The 
majority  of  these  severe  injuries,  however,  do  well  so  long  as  the  patient  is 
healthy  and  there  is  no  open  w^ound. 

Penetrating  Wounds  of  the  Thorax  with  Wound  of  the  Lung.— 
A  penetrating  wound  is  recognized  by  the  presence  of  an  external  opening, 
through  which  air  is  frequently  drawn  in  and  out  during  respiration,  with  the 
signs  before  given  of  wound  of  the  lung.  These  cases  are  always  serious,  as 
from  the  admission  of  air  from  wdthout  there  is  great  risk  of  the  occurrence 
of  septic  pleurisy  and  pneumonia.  Moreover,  in  a  large  proportion  of  cases 
the  injury  to  the  lung  extends  more  deeply  than  any  wound  which  can 
possibly  be  inflicted  by  a  broken  rib. 

Wounds  of  the  Lunrj  by  sharp  jjenetrating  instrunwits,  as  knives  or  swords, 
are  specially  liable  to  be  complicated  by  profuse  haemorrhage,  both  into  the 
pleura  and  into  the  air-tubes.  When  penetrating  the  chest-wall  obliquely,  so 
as  to  leave  a  valved  opening,  they  may  give  rise  to  emphysema  and  pneumo- 
thorax ;  in  fact,  it  is  in  this  class  of  cases  that  these  conditions  have  most 
commonly  been  met  with  in  an  extreme  degree.  Septic  pleurisy  and  empyema 
are  common  complications,  but  fe*om  the  clean,  incised  character  of  the  wound 
and  the  absence  of  foreign  bodies  carried  into  it  there  is  a  fair  hope  of  pre- 
venting these  complications  and  obtaining  union  of  the  external  wound  by  the 
first  intention  if  proper  treatment  be  adopted. 

Wounds  of  the  Lung  by  blunt  instruments,  as  in  bullet-  or  shell-wounds  or  in 
machinery-accidents,  form  by  far  the  gravest  class  of  these  injuries.  In  con- 
sequence of  the  form  and  size  of  the  external  opening  emphysema  is  a  some- 
what rare  complication,  and  when  air  is  present  in  the  pleura  it  is  seldom  at 
any  degree  of  pressure.  HEemothorax,  to  a  greater  or  less  extent,  is  always 
present,  and  in  the  majority  of  cases,  as  the  external  wound  can  scarcely  heal 
by  the  first  intention,  septic  pleurisy  and  empyema  follow  the  injury.  It  is 
sometimes  complicated  by  spreading  inflammation  of  the  lung,  terminating 
in  suppuration  or  gangrene.  These  cases  are  frequently  complicated  by  the 
lodgment  of  foreign  bodies,  such  as  bullets  or  pieces  of  clothing. 

The  Prognosis  in  wounds  of  the  lungs  is  necessarily  extremely  unfevour- 
able  if  the  injury  be  severe.    The  danger  will  depend  greatly  upon  whether  it 
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be  open  or  subcutaneous,  irpon  the  nature  of  the  instrument  inflicting  the 
wound  and  upon  its  extent.  If  the  lung  be  wounded  by  the  sharp  end  of  a 
broken  rib,  recovery  usually  ensues.  Punctured  wounds  of  the  chest,  pene- 
trating the  lungs,  arc  always  very  serious  ;  but  here  the  danger  will  depend 
partly  on  the  depth  of  penetration,  partly  on  the  size  of  the  instrument  that 
occasions  the  wound.  The  nearer  the  wound  penetrates  to  the  root  of  the 
lungs,  the  greater  is  the  danger  from  ha3morrhage  by  the  implication  of  the 
larger  vascular  trunks.  Gunshot- wounds  of  the  chest  are  far  more  dangerous 
than  stabs,  owing  partly  to  the  laceration  attendant  on  a  bullet-wound,  but 
especially  to  the  fact  that  the  external  wound  can  rarely  heal  without  suppura- 
tion and  consequently,  unless  it  be  prevented  by  antiseptic  treatment,  septic 
pleurisy  and  empyema,  and  perhaps  also  pneumonia,  are  almost  certain  to 
occur.  Their  danger  is  increased  also,  in  many  cases,  by  the  lodgment  of  the 
bullet  or  other  foreign  bodies. 

In  the  American  Report  of  the  War  of  the  Rebellion,  a  table  is  given  of 
1609  cases  of  penetrating  wounds  of  the  chest,  collected  from  various  sources, 
including  the  reports  of  Mouat  in  the  New  Zealand  War,  Chenu  and 
Matthew  on  the  Crimean  War,  Stromeyer  on  the  Danish  War,  and  others. 
Of  these  1049  died,  being  an  average  mortality  of  65'2  per  cent.  In 
the  American  Civil  War  8715  cases  were  recorded,  with  5260  deaths, 
or  62*6  per  cent.  The  highest  mortality  recorded  was  in  the  Crimean 
War,  in  which  91 '6  per  cent  of  these  cases  terminated  fatally  amongst 
the  French  troops,  and  79*2  amongst  the  English.  Longmore  remarks  that 
the  apparently  great  mortality  in  the  Crimean  returns  was  due  largely  to  the 
proximity  of  the  field-hospitals  to  the  trenches,  where  the  patients  were 
wounded  ;  if  they  had  been  wounded  in  the  ordinary  circumstances  of  a  battle, 
many  of  them  would  never  have  reached  a  hospital.  The  great  danger  and 
principal  cause  of  death  in  these  injuries  is  unquestionably  the  haemorrhage 
that  ensues.  This  may  prove  immediately  fatal  if  one  of  the  larger  pulmonary 
vessels  be  divided.  As  the  bleeding  is  most  abundant  at  and  shortly  after  the 
receipt  of  the  wound,  Hennen  states  that,  if  the  patient  survive  the  third  day, 
great  hopes  may  be  entertained  of  his  recovery.  After  this  period,  the  chief 
source  of  danger  is  the  occurrence  of  septic  inflammation  in  the  pleura  and 
sometimes  also  in  the  injured  lung,  the  probability  of  the  occurrence  of  which 
is  greatly  increased  in  gunshot-injuries  by  the  frequent  lodgment  of  foreig-n 
bodies  within  the  chest.  The  immediate  cause  of  death  at  this  stage  is 
undoubtedly  the  accumulation  of  decomposing  inflammatory  effusion  in  the 
pleural  cavity  and  the  absorption  of  the  products  of  putrefaction.  This  may 
prove  fatal  from  the  fourth  to  the  eighth  day.  Emphysema  is  seldom  a 
dangerous  complication,  though  it  may  become  so  if  very  extensive  and 
allowed  to  increase  unchecked. 

If  both  lungs  be  wounded  at  the  same  time,  the  result  is  almost  inevitably 
fatal,  either  by  the  abundant  hEeraorrhage  suflFocating  or  exhausting  the 
patient,  or  else  by  induction  of  asphyxia  in  consequence  of  air  being  drawn 
into  both  the  pleural  sacs,  and  thus  aiTCsting  respiration.  This,  however,  does 
not  necessarily  result ;  and  there  are  a  sufficient  number  of  cases  on  record  of 
recoveries  after  stabs  or  bullet-wounds  traversing  both  sides  of  the  chest,  to 
show  that  collapse  of  the  lungs  and  consequent  ^asphyxia  does  not  necessarily 
result  from  this  double  injury,  which  indeed  has  also  been  determined  experi- 
mentally on  animals  by  Cruveilhier. 
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The  Treatment  of  wounds  of  the  chest,  implicating  the  hings,  must  have 
reference  to  the  various  sources  of  danger  that  have  just  been  indicated  and 
to  the  nature  of  the  wound. 

The  local  Treatment  in  cases  injury  of  the  luiuj  from  a  hroMi  nh 
without  an  external  wound  is  very  simple.  The  routine  system  of  bandaging 
or  strapping  up  the  chest  tightly  must  not  be  followed  in  all  cases.  There 
are  two  conditions  in  which  it  is  not  advisable  :  the  first  is  when  the  frag- 
ments of  the  broken  rib  arc  sharp  and  angular,  and,  projecting  inwards  on 
the  pleura  and  lung,  produce  pain,  distress,  and  no  slight  danger  of  farther 
injury  to  these  structm-es  if  pressed  down  upon  them ;  second,  when  the  lung 
has  become  compressed  by  the  effusion  of  air,  serum,  or  blood  into  the  pleural 
sac.  In  the  latter  cases,  tight  bandaging  of  the  chest  will  produce  great 
distress ;  for,  the  lung  on  tlie  injured  side  being  already  rendered  useless,  or 
nearly  so,  as  a  respiratory  organ  by  the  compression,  respiration  is  altogether 
carried  on  by  the  lung  on  the  uninjured  side.  If  the  chest  be  uniformly 
or  tightly  compressed,  the  use  of  this  lung  also  is  interfered  with  to  such  an 
extent,  that  a  semi-asphyxial  condition  may  ensue.  In  such  cases,  rather 
than  bandaging  the  whole  chest,  the  better  plan  is  to  strap  up  only  the  injured 
side  from  spine  to  sternum,  so  as  to  restrain  its  movements  and  leave  the 
sound  side  free. 

In  a  penetraUng  wound  of  the  chest  by  a  sharp  cutting  instrument,  if  it 
be  a  clean  puncture,  an  attempt  should  be  made  to  close  it  in  such  a  way 
as  to  obtain  union  by  the  first  intention.  For  this  purpose  some  form  of 
antiseptic  treatment  should  always  be  adopted.  The  skin  around  the  wound 
must  be  cleaned  with  some  efiicient  antiseptic  solution,  such  as  carbolic  acid 
lotion  (1  in  20),  and  the  wound  itself  may  be  wiped  out  by  means  of  a  sponge 
soaked  in  the  same  solution  and  held  in  a  pair  of  forceps.  The  edges  may  then  be 
brought  together  by  sutures  and  the  surface  covered  with  an  antiseptic  dressing. 
In  the  absence  of  an  antiseptic  dressing  the  wound  may  be  closed  by  lint  and 
collodion,  or  a  piece  of  lint  may  be  soaked  in  the  blood  and  allowed  to  dry 
upon  it.  If  the  wound  be  thus  closed  the  patient  must  be  carefrilly  examined 
daily  for  effusion  into  the  pleura,  and  the  temperature  must  be  watched. 
Should  there  be  increasing  dulness,  with  a  high  temperature,  the  fluid  must 
be  removed  by  means  of  the  aspirator,  and  examined.  Should  it  be  turbid  or 
purulent  a  free  vent  must  be  at  once  provided  for  it,  either  by  opening  up 
the  original  wound,  or  by  making  a  new  one  at  the  most  convenient  spot. 

Should  the  wound  be  large  and  deep,  with  blood  and  air  issuing  freely 
through  it  from  the  injured  lung,  it  should  not  be  completely  closed,  other- 
wise pneumothorax,  and  emphysema,  or  hemothorax  will  certainly  occur.  It 
may  be  cleaned  with  an  antiseptic  solution,  and  partly  closed  by  sutures,  a 
large  drainage  tube  inserted,  and  an  antiseptic  dressing  applied,  or  in  the 
absence  of  antiseptics  it  may  be  covered  with  a  piece  of  oiled  lint.  The 
patient  should  be  laid  on  the  wounded  side,  and  the  wall  of  the  chest  may  be 
fixed  by  long  broad  strips  of  plaster  applied  to  the  injured  side  only,  an 
aperture  being  left  between  the  strips  opposite  the  wound.  Mouat  states  that 
excellent  results  have  followed  this  practice  in  military  practice. 

In  Bullet-tvounds  of  the  Lung  the  wound  should  be  carefully  examined  with 
the  finger,  and  all  foreign  bodies  that  are  within  reach  should  be  extracted. 
If  there  be  any  difficulty  in  doing  this,  it  may  be  necessary  to  enlarge  the 
aperture ;  but  the  Surgeon  must  not  go  too  deeply  or  perseveringly  in  search. 
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of  the  foreio-u  body,  lest  he  excite  more  irritation  than  it  would  if  left  alone. 
No  attempt  should  be  made  to  close  the  aperture,  so  that  the  escape  of  any 
extraneous  substance  that  may  have  been  left  in,  or  of  extravasated  blood,  or 
inflammatory  effusions,  may  not  be  interfered  with.  The  wound  should,  if 
possible,  be  cleaned  with  an  antiseptic  solution,  and  dressed  antiseptically.  If 
the  means  of  doing-  this  are  not  at  hand,  it  may  be  covered  with  oiled  lint,  or 
some  dry  absorbent  dressing. 

The  Constitutional  Treatment  of  wounds  of  the  lung  presents  nothing 
peculiar.  During  the  first  few  hours  the  chief  danger  is  loss  of  blood,  and  as 
the  feeble  state  of  the  circulation  during  the  state  of  shock  that  immediately 
follows  the  injury  is  fiivourable  to  the  arrest  of  haemorrhage,  the  patient  should 
not  be  prematurely  roused  by  the  administration  of  stimulants.  He  must  be 
kept  lying  on  the  injured  side,  and  have  ice  to  suck,  or  a  little  iced  milk  and 
soda-water,  or  barley-water,  to  drink,  when  these  are  obtainable.  He  must  be 
forbidden  to  talk,  and  kept  at  perfect  rest.  If  no  complications  ensue,  he  must 
be  kept  on  moderate  diet  for  a  few  days,  after  which  he  may  take  such  food 
as  he  is  inclined  for. 

Treatment  of  the  Complications  of  Penetratinfj  Wounds  of  the  Lung. — Profuse 
hcemorrhage  is  a  common  complication  in  all  wounds  of  the  chest.  It  may 
occasionally  come  from  a  wounded  intercostal  or  internal  mammary  artery, 
and  must  then  be  treated  by  the  method  described  on  p.  455.  If  the  hsemor- 
rhage  come  from  the  pulmonary  tissue,  the  first  indication  consists  in  diminish- 
iug  the  quantity  and  force  of  the  blood  circulating  through  the  lungs,  and 
thus,  by  lessening  the  impulse  of  the  heart  and  increasing  the  tendency  for  the 
blood  to  coagulate  in  the  smaller  vessels,  to  endeavour  to  arrest  the  haemor- 
rhage fi'om  these  organs.  If  the  h£emon-hage  have  been  very  abundant,  the 
collapse  and  fainting  consequent  upon  this  may  tend  to  induce  a  natural 
cessation  of  the  bleeding,  which  thus  often  spontaneously  ceases  on  the  super- 
vention of  syncope.  Should  the  htemoptysis,  however,  continue  or  return  from 
time  to  time,  what  should  be  done  ?  Here  a  very  considerable  discrepancy  of 
opinion  exists  amongst  Surgeons ;  the  question  at  issue  being  whether  vene- 
section should  be  adopted  with  the  view  of  restraining  the  hgemon-hage,  or  the 
patient  be  treated  by  rest,  low  diet,  ice,  digitalis,  and  similar  remedies.  Up 
to  the  close  of  the  Crimean  war,  the  most  experienced  Surgeons  were  unani- 
mous in  their  opinion,  that  the  patient's  safety  lay  in  free  and  repeated  vene- 
section. John  Bell,  Hennen,  and  Guthrie,  all  concurred  in  urging  the  necessity 
jf  free  venesection  so  as  to  keep  down  the  action  of  the  heart.  Whenever 
this  rises  and  the  cough  or  haemoptysis  returns,  recourse  should  be  had  to  the 
lancet.  In  the  Crimean  campaign,  Macleod  states,  that  "  those  cases  did  best 
in  which  early,  active,  and  repeated  bleedings  were  had  recourse  to."  In  the 
official  Report  of  the  Medical  and  Surgical  History  of  the  War  in  the  Crimea, 
Tenesection  is  advocated  with  equal  decisioi  as  a  means  of  arresting  haemoptysis. 
The  writer  states  :  "  When  haemoptysis  to  any  considerable  or  dangerous 
extent  is  present,  venesection  for  the  rapid  induction  of  syncope  seems  not 
only  allowable,  but  seems  to  afford  the  only  chance  of  safety,  and  may  even 
require  to  be  repeated."  However  paradoxical  or  even  irrational  it  might  at 
first  sight  appear  to  endeavour  to  restrain  one  h^mori-hage  by  establishing 
another,  yet  the  practice  seemed  established  as  the  result  of  experience ;  and 
its  good  effects  could  be  explained  by  the  sudden  induction  of  syncope  giving 
time  for  the  sealing  up  of  the  pulmonary  vessels  by  coagulation  of  blood 
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within  them.  But  although  this  was  the  practice  up  to  a  comparatively 
recent  period,  the  views  of  mihtary  Surgeons  on  this  point  seem  now  to  have 
undergone  a  complete  change  ;  and  the  experience  derived  from  the  great  war 
of  the  rebellion  in  America  and  from  the  Maori  war  in  New  Zealand,  has  led 
to  the  promulgation  of  different  doctrines  and  the  adoption  of  a  different  line 
of  practice.  In  the  American  war,  venesection  appears  to  have  been  generally 
abandoned,  while  reliance  was  placed  on  rest,  cold,  and  opium  for  the  sup- 
pression of  haemorrhage ;  and  this  practice  is  said  to  have  been  generally 
satisfactory.  In  New  Zealand,  Mouat  states  that  bleeding  was  almost  entirely 
discarded.  Longmore  says  that,  if  the  patient  should  survive,  the  loss  of 
blood  by  venesection  seems  to  interrupt  the  process  of  adhesion  between  the 
pleural  surfiices,  and  other  reparative  measures  adopted  by  nature,  while  ifc 
induces  a  condition  favom-able  to  gangrene,  or  the  formation  of  ill-conditioned 
purulent  effusions  in  large  amount. 

If  extravasation  of  blood  into  the  pleura  be  going  on,  its  fiu-ther  effusion 
must,  if  possible,  be  arrested  by  the  same  means.  Should,  however,  the 
haemorrhage  continue  notwithstanding  the  employment  of  the  means  indi- 
cated, Guthrie  advises  that  the  wound  should  be  closed,  so  that  the  blood  that 
flows  into  the  pleural  sac  may,  by  accumulating  in  this,  compress  the  lung,  and 
thus  arrest  the  fm-ther  escape  of  blood  from  the  wounded  vessels  ;  the  patient 
at  the  same  time  should  be  made  to  He  on  the  injured  side,  in  order  to  increase 
the  pressure  exercised  upon  the  wounded  organ.  When  the  bleeding  has  been 
checked  in  this  way,  the  blood  must  be  removed  as  early  as  possible  from  the 
pleural  sac ;  for,  if  it  be  allowed  to  remain,  it  will  in  most  cases  speedily  putrefy, 
the  putrefactive  ferment  having  found  its  way  in  before  the  wound  was  closed. 
Death  then  may  take  place  from  absorption  of  the  products  of  putrefaction,  or 
should  the  patient  escape  this,  suppurative  pleurisy  inevitably  follows.  To 
prevent  this,  the  pleura  must  be  tapped  with  a  large  aspirator-needle  on  the 
fourth  or  fifth  day,  or  earlier  if  the  temperature  be  very  high.  Should  it  be 
found  that  the  blood  is  free  from  any  putrefactive  change,  which  may  possibly 
be  the  case,  the  extravasation  is  best  removed  by  repeated  aspirations,  care  being 
taken  not  to  remove  too  much  at  one  time,  lest  by  causing  a  forcible  expansion 
of  the  lung  the  haemorrhage  may  be  started  again.  If  the  fluid  withdrawn 
is  undergoing  decomposition,  a  free  opening  must  be  made  from  the  original 
wound  with  a  probe-pointed  bistoury,  and  a  large  drainage-tube  inserted. 
The  after-treatment  will  be  the  same  as  for  septic  empyema. 

During  the  American  war  various  drugs  were  made  use  of,  with  the  intention 
of  aiding  the  arrest  of  haemorrhage,  amongst  them  being  tartarized  antimony, 
aconite,  gallic  and  tannic  acids,  and  acetate  of  lead  ;  but  their  effects  do  not 
seem  to  have  been  such  as  to  justify  any  reliance  being  placed  upon  them.  In 
the  Crimean  war  the  Russian  Surgeons  administered  digitahs  ;  but  according 
to  the  present  views  of  the  action  of  that  drug,  its  use  could  be  productive  only 
of  harm. 

Pleurisy  and  Empyema. — If  the  patient  survive  to  the  third  day,  the 
danger  to  be  apprehended  is  no  longer  from  hemorrhage,  but  from  inflamma- 
tion and  suppuration  in  the  cavity  of  the  pleura,  consequent  upon  the  decom- 
position of  the  discharges  accumulated  in  that  cavity.  This  is  in  some  cases 
complicated  by  inflammation  of  the  lung  spreading  from  the  track  of  the 
wound.  Military  Surg  eons  formerly  recommended  venesection  as  a  means 
both  of  preventing  and  of  reducing  inflammation.    Since,  however,  the  part 
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played  by  the  decomposition  of  the  discharges  in  the  pleural  cavity  has  become 
fully  recognized,  much  more  importance  has  been  attached  to  draining  and 
cleaning  the  pleural  cavity  than  to  any  eflForts  by  means  of  blood-letting  or 
drugs  to  subdue  the  local  inflammation  and  constitutional  disturbance. 
Possibly,  in  civil  practice,  if  a  case  were  met  with  in  which  the  inflammation 
was  confined  to  the  lung  substance,  and  attended  by  much  dyspnoea  in  a  healthy 
young  subject,  some  rehef  might  be  given  by  venesection ;  but  such  a  condition 
is  so  rare  that  it  may  practically  be  excluded  from  our  consideration.  When 
the  dyspnoea  arises  from  pleuritic  effiision,  bleeding  must  necessarily  be  use- 
less, and  in  fact  could  only  be  injurious  by  still  further  weakening  the  powers 
of  the  patient.  The  inflammation  must  be  combated  by  removing  its  cause  as 
far  as  possible. 

In  the  first  place  every  effort  should  be  made  to  prevent  the  occurrence  of 
decomposition,  either  of  extra vasated  blood  or  inflammatory  exudation  in  the 
cavity  of  the  pleura  by  the  adoption  of  some  efficient  method  of  antiseptic 
treatment.  Should  these  fail,  and  the  pleura  become  distended  with  decom- 
posing discharges,  the  freest  possible  di'ainage  must  be  provided  by  enlarging 
the  original  wound,  and  if  necessary,  making  a  counter-opening  at  the  most 
convenient  spot.  All  counter-openings  must  be  made  on  a  probe  passed  from 
the  original  wound  and  made  to  project  between  two  ribs,  as  the  relations  of 
the  walls  and  contents  of  the  cavity  are  often  much  altered  in  these  cases,  and 
unless  a  guide  is  obtained  in  this  way,  either  the  diaphragm  or  the  lung  might 
be  accidentally  w^ounded.  Large  drainage-tubes  should  be  inserted  at  the 
wound  and  the  counter-opening  if  one  has  been  made.  If  any  difficulty  is 
experienced  in  doing  this,  a  piece  of  a  rib  may  be  cut  away.  If  the  discharges 
are  offensive,  the  cavity  of  the  pleura  must  be  washed  out  with  some  antiseptic 
solution.  Konig  reports  that  he  obtained  very  good  results  in  the  Franco- 
German  war  by  using  a  strong  solution  of  chloride  of  zinc. 

It  will  always  be  necessary  in  these  cases  to  support  the  patient's  strength 
by  abundant  liquid  nourishment  and  stimulants  when  they  are  obtainable. 
Pain  and  cough  may  often  be  relieved  by  opium. 

If  any  extraneous  body,  such  as  a  bullet,  a  piece  of  wadding,  or  of  clothing, 
have  penetrated  too  deeply  into  the  chest  to  be  readily  extracted  through  the 
external  wound,  it  would  net  be  safe  to  make  incisions  or  exploratory  researches, 
with  a  view  to  extracting  it ;  for,  though  its  presence  would  increase  the 
patient's  danger,  yet  attempts  at  extraction  would  not  only  add  to  this,  but 
would  in  all  probabihty  be  fatal.  In  many  cases,  bodies  so  lodged  become 
surrounded  by  pus,  are  loosened,  and  eventually  are  spat  up,  or  appear  at  the 
external  wound.  In  other  cases,  they  remain  permanently  fixed  in.  the  chest, 
becoming  enveloped  in  a  cyst,  and  so  remaining  for  years,  without  producing 
irritation.  In  this  way,  Hennen  states,  a  bullet  has  been  lodged  in  the  chest 
for  upwards  of  twenty  years  ;  and  Vidal  mentions  the  case  of  a  man  who  lived 
for  fifteen  years  with  the  broken  end  of  a  foil  in  his  chest,  which,  after  death, 
was  found  sticking  in  the  vertebrae,  and  stretching  across  to  one  of  the  ribs. 

The  Treatment  of  Emphysema  and  Pneumothorax  consists  of  little  in 
addition  to  what  is  called  for  by  the  wounded  lung.  In  many  cases,  indeed, 
the  air  becomes  absorbed  in  three  or  four  days  without  the  necessity  of  any 
local  interference.  If,  however,  the  pneumothorax  interfere  with  respiration 
by  pressure  on  the  opposite  lung,  the  external  w'ound,  if  any  exist,  must  be 
freely  opened,  and  scarifications  may  be  necessary  to  give  exit  to  the  air  in  the 
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areolar  tissue.  If  no  wound  exists  the  pleura  must  be  tapped  as  for  fluid,  and, 
if  necessary,  the  cannula  must  be  left  in.    I  doubt  whether  emphysema  alone 

can  ever  prove  fatal. 

Hernia  of  the  Lung,  ok  Pneumocele.— This  is  an  extremely  rare 
affection.  It  consists  in  the  protrusion  of  a  portion  of  the  lung  at  some  part 
of  the  thoracic  walls,  so  as  to  form  a  tumour  under  the  skin.  It  has  most 
frequently  been  met  with  after  an  external  wound,  under  the  cicatrix  of  which 
the  hernial  swelling  has  appeared  ;  but  it  has  been  known  to  occur  from 
fractured  ribs  without  any  wound,  and  even  from  violent  straining  during 
labour.  I  have  seen  a  case  in  a  man  who  gained  his  livelihood  by  playing  the 
cornet.  In  these  cases  it  is  probable  that,  the  intercostal  muscles  and  costal 
pleura  having  been  divided  or  ruptured  by  the  efforts  of  the  patient,  and  not 
having  united  afterwards,  the  lung  has,  during  expiration,  gradually  insinuated 
itself  into  the  aperture  so  formed,  until  at  last  the  hernial  tumour  has  appeared. 
This  protrusion  may  take  place  at  any  part  of  the  thoracic  parietes  ;  thus 
Velpeau  observed  it  in  the  supraclavicular  region  of  a  girl ;  but  most  com- 
monly it  occurs  on  one  or  other  side  of  the  chest.  The  tumom-  may  attain 
a  large  size  ;  I  have  heard  Velpeau  state  that  he  had  seen  one  half  as  large  as 
the  head.    L  does  not  appear  to  shorten  life. 

The  only  case,  other  than  the  above,  that  has  fallen  under  my  own  observation 
is  one  that  I  saw  in  1839,  in  Velpeau's  wards  at  La  Charity  ;  and  as  the  signs  of 
the  affection  were  well  marked,  I  may  briefly  relate  it,  from  notes  taken  at  the 
time.  A  man  twenty-nine  years  of  age,  left-handed,  received  in  a  duel  a 
sword-wound  at  the  inner  side  of,  and  a  little  below  the  left  nipple  ;  he  lost 
a  considerable  quantity  of  blood,  but  did  not  spit  up  any.  The  wound  healed 
in  about  a  fortnight,  shortly  after  which  he  noticed  the  tumour,  for  which  he 
was  admitted  three  months  and  a  half  after  the  receipt  of  the  injury.  On 
examination,  an  indurated  cicatrix  about  half  an  inch  in  length  was  found  a 
little  below,  and  to  the  inner  side  of,  the  left  nipple.  On  expiring  or  cough- 
ing, a  soft  tumour  of  about  the  size  of  an  egg  appeared  immediately  underneath 
the  cicatrix,  which  it  raised  up  ;  it  subsided  under  pressure,  or  when  the 
patient  ceased  to  expire  or  to  cough  ;  and  its  protrusion  might  be  prevented 
by  pressing  the  finger  firmly  on  the  part  where  it  appeared,  when  a  depression 
was  felt  in  the  intercostal  muscles.  If  the  fingers  were  slid  obliquely  over  the 
tumour,  it  yielded  a  fine  and  distinct  crepitation,  exactly  resembling  that  pro- 
duced by  compressing  a  healthy  lung,  and  the  spongy  feel  of  the  organ  could 
be  recognized.  On  applying  the  ear,  a  fine  crackling  and  rubbing  sound  was 
distinctly  perceived  ;  the  tumour  was  resonant  on  percussion.  The  portion  of 
protruded  lung  did  not  appear  to  re-enter  the  chest  on  inspiration,  but  was 
firmly  fixed  in  its  new  situation.  No  treatment  was  adopted  in  the  case,  nor 
does  any  appear  admissible  in  similar  instances. 

The  only  affection  with  which  a  hernia  of  the  long  can  be  confounded,  is  a 
circumscribed  empyema  which  is  making  its  way  through  the  walls  of  the 
chest.  Here,  however,  the  dulness  on  percussion,  and  the  absence  of  respira- 
tory murmur  and  of  crackling  under  the  fingers,  will  readily  enable  the  Surgeon 
to  make  the  diagnosis. 

It  occasionally  happens  in  extensive  wounds  of  the  chest,  that  a  portion  of  the 
lung  protrudes  during  efforts  at  expu-ation.  If  the  wound  be  free,  the  protruded 
lung  may  return  on  pressure  or  during  inspiration.  If  left  un-returned,  it  soon 
becomes  livid  and  gangrenous ;  in  these  circumstances  it  may  be  removed  by 
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the  kuife  or  ligature  ;  but  Guthrie  advises  that  the  protruded  part  should  never 
be  separated  from  the  pleura  costalis  by  which  it  is  surrounded  at  its  base,  so 
that  the  cavity  of  the  thorax  may  not  be  opened ;  the  wound  must  then  be 
closed  in  the  usual  way. 

WOUNDS    OF    THE    HEART    AND   LARGE  VESSELS. 

Wounds  of  the  Pericardium.— The  pericardium  may  be  wounded  with 
or  without  penetration  of  the  chest,  and  with  or  without  injury  of  the  heart. 
Without  wound  of  the  chest-wall,  it  may  be  lacerated  by  a  severe  contusion  ; 
with  penetration  of  the  chest-wall,  it  may  be  wounded  by  a  stab  or  by 
gun-shot. 

Laceration  of  the  Pericardium  may  take  place  from  a  severe  blow  on  the 
chest.  1  have  seen  the  membrane  split  down  longitudinally  for  two  or  three 
inches,  from  contusion  received  in  a  fall. 

The  Pericardium  may  be  wounded  by  a  stab  without  the  heart  being 
injured.  Thus  I  have  seen  a  wound  of  the  pericardium  in  a  young  man,  in- 
flicted by  his  sweetheart  with  a  sharp-pointed  pair  of  embroidery  scissors. 

The  pericardium  may  be  bruised  or  cut  by  an  oblique  gunshot-wound 
without  damage  to  the  heart.  This  I  have  seen  happen  fi'om  a  pistol-bullet 
penetrating  the  chest  obliquely. 

In  injuries  such  as  these,  collapse  to  a  greater  or  less  extent  is  always  met 
with.  This  is  followed  by  inflammation  ;  the  ordinary  auscultatory  signs  of 
pericarditis  followed  by  effusion,  such  as  friction,  with  extended  dulness  on 
percussion,  become  perceptible  ;  and  there  are  intense  thoracic  oppression, 
dyspnoea,  and  restlessness,  with  pallor  and  a  small  rapid  pulse. 

In  some  cases  of  wound  of  the  pericardium,  with  a  superficial  injury  to  the 
heart,  one  of  the  coroiiary  vessels  may  be  divided,  and  blood  effused  into  the 
sac.  In  these  cases  the  interposition  of  the  layer  of  blood  causes  the  heart- 
sounds  to  be  weak  and  remote,  the  impulse  of  the  apex  to  be  indistinct  or 
imperceptible,  and  the  cardiac  dulness  to  be  widely  diffused. 

The  Prognosis  of  cases  of  injury  of  the  pericardium  is  necessarily  very 
unfavourable.  The  heart  may  become  choked  by  the  intra-pericardial  extra- 
vasation of  blood  or  the  inflammatory  effusion. 

The  Treatment  of  these  cases  of  wound  of  the  pericardiimi  should  be  con- 
ducted as  far  as  possible  on  antiseptic  principles.  In  cases  of  a  punctured 
wound,  should  the  external  womid  close,  and  the  pericardium  become  distended 
'  with  effusion  to  such  an  extent  as  to  embarrass  the  action  of  the  heart  and 
threaten  to  prove  fatal,  the  fluid  must  be  removed  by  means  of  the  aspirator. 
(See  Tapping  the  Pericardium,  Vol.  II.)  The  general  treatment  must  be  con- 
I  ducted  on  those  ordinary  medical  principles  that  guide  us  in  the  management 
i  of  similar  cases  arising  from  causes  other  than  traumatic. 

Wounds  of  the  Heart. — The  heart  may  receive  a  wound  which  does  not 
penetrate  through  the  walls  ;  or  one  or  more  of  its  cavities  may  be  opened  by 
the  agent  that  inflicts  the  injnry.  Most  commonly  the  wound  is  inflicted  by 
stab  or  gun-shot,  and  then  generally  no  foreign  body  is  lodged  in  the  cardiac 
cavities  or  substance.  But  in  some  instances  bullets,  as  well  as  pieces  of  stick, 
needles,  iron  pins,  and  other  substances,  have  been  lodged  and  encysted  in  the 
substance  of  the  ventricles. 

In  the  vast  majority  of  cases,  wounds  of  the  heart  are  immediately  fatal. 
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but  they  are  not  necessarily  or  invariably  so.  Much  will  depend  on  whether 
they  penetrate  or  not  into  the  cavities,  and  on  the  extent  of  the  injury  that  the 
heart  has  sustained. 

Non-Penetrating  Wounds  may  be  fatal  at  once  from  direct  shock  to  the 
heart ;  or  the  patient  may  survive  a  few  hours  or  days  and  then  die  of  peri- 
carditis ;  or  he  may  recover  and  live  for  years,  as  in  a  case  reported  by  West 
of  Birmingham,  in  which  the  man  lived  for  four  and  a  half  years.  After 
death,  evidences  of  extensive  and  severe  pericarditis  were  found,  and  there  was 
a  linear  cicatrix  half  an  inch  long  in  the  anterior  part  of  the  right  ventricle. 

Penetrating  Wounds  of  the  Heart  are  ahnost  invariably  at  once  fatal 
from  loss  of  blood  and  shock  to  the  organ  and  system.    This  is  especially  the 
case  if  the  cavities  be  largely  opened,  or  much  of  the  heart-substance  destroyed. 
But  there  are  many  exceptions  to  this  general  law  of  fatality.    Jamain  has 
collected  84  cases  in  which  people  lived  for  considerable  periods  after  having 
received  a  wound  of  the  heart.    Of  these,  in  35  cases  the  right  ventricle  was 
wounded,  and  the  sufferers  lived  from  four  and  a  half  hours  to  twenty-three 
days.    In  19  cases  the  injury  was  to  the  left  ventricle  ;  and  of  these  life  was 
prolonged  to  periods  varying  from  half  an  hour,  in  two  cases,  to  six  months  in 
one  instance.    Both  ventricles  were  wounded  in  five  cases  in  patients  living 
from  one  hour  to  nine  and  a  half  months ;  the  right  auricle  in  seven  cases,  the 
patients  li\dng  from  seven  hours  to  twenty  days ;  the  left  auricle  in  two  cases, 
in  which  the  patients  lived  respectively  one  and  two  days.    In  many  cases, 
the  patient  has  been  known  to  walk  or  to  run  some  considerable  distance  after 
the  receipt  of  the  injury.    Ollivier  and  Sanson  have  collected  29  cases  of 
penetrating  wounds  of  the  heart,  which  did  not  prove  fatal  in  the  first  forty- 
eight  hours  after  the  receipt  of  the  injury.   On  analysing  these,  it  would  appear 
that  the  rapidity  of  death  depends  greatly  on  the  direction  of  the  wound  and  the 
part  of  the  organ  injm-ed.  When  the  wound  is  parallel  to  the  axis  of  the  heart, 
it  is  not  so  speedily  fatal  as  when  in  a  transverse  direction,  and  wounds  of  the 
auricle  are  more  immediately  followed  by  death  than  those  of  the  ventricle ;  the 
irregular  contraction  of  the  different  planes  of  muscular  fibre  that  enter  into 
the  formation  of  the  wall  of  the  ventricle  tending  to  obstruct  the  free  passage  • 
of  the  blood  through  the  wound,  and  perhaps  to  close  it  entirely.    The  size 
of  the  wound,  however,  will  necessarily  influence  the  result  more  materially  • 
than  its  direction.    Not  only,  however,  may  a  person  live  a  considerable  time ' 
after  having  received  a  penetrating  wound  of  the  heart,  but  there  are  many 
cases  on  record  in  which  life  has  been  prolonged  even  though  a  foreign  body 
was  lodged  in  the  cavities  or  substance  of  the  organ.    Thus  Ferrus  relates* 
the  case  of  a  man  who  lived  for  twenty  days  with  a  skewer  traversing  the  ■ 
heart  from  side  to  side  ;  and  Roux  that  of  a  man  who  lived  twenty-one  days? 
with  a  portion  of  a  file,  with  which  he  had  stabbed  himself,  in  the  wall  of ' 
the  left  ventricle.    Davis  and  Stewart  found  a  piece  of  wood,  tlu-ee  inches; 
long,  in  the  right  ventricle  of  a  boy,  who  lived  five  weeks  after  the  accident ; 
had  happened  ;  Carnochan  relates  a  case  in  which  the  wounded  man  survived  I 
eleven  days  with  a  bullet  deeply  lodged  in  the  substance  of  the  apex  of  the; 
heart ;  and  Latour  records  the  case  of  a  soldier  who  lived  for  six  years  after : 
being  wounded  with  a  musket-ball  in  the  side,  and  in  the  right  ventricle  off 
whose  heart  the  bullet  was  found  lodged,  lying  against  the  septum. 

The  part  of  the  heart  that  has  been  injured  may  be  determined  by  attention  i 
to  the  situation  of  the  wound  and  the  direction  it  takes,  for  the  situation  of  f 
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the  different  cavities  of  the  heart  in  relation  to  the  superficial  structures  is 
constant.  Thus,  a  stab  below  the  fifth  rib,  about  one  inch  to  the  sternal  side 
of  the  nipple,  and  two  inches  below  it,  will  wound  the  apex  of  the  heart ;  a 
stab  through  the  second  intercostal  space  close  to  the  right  side  of  the  sternum 
would  wound  the  most  prominent  part  of  the  ascending  aorta  after  passing 
through  the  lung.  One  tlu-ough  the  third  to  fifth  intercostal  spaces  to  the 
right  of  the  sternum  would  wound  the  right  auricle.  The  pulmonary  artery 
would  be  reached  by  a  thrust  through  the  third  rib  on  the  left  side  at  its 
jmiction  with  the  sternum. 

Olivier,  Jamain,  "West,  and  especially  Fischer,  have  collected  statistics  with 
regard  to  the  relative  frequency  of  wounds  of  the  different  cavities  of  the  heart. 
Fischer  has  collected  452  cases,  in  which  the  right  ventricle  is  stated  to  have 
been  wounded  in  123,  the  left  ventricle  in  101,  and  both  ventricles  in  26.  In 
28  cases  the  right  auricle,  and  in  13  the  left,  was  the  seat  of  injury.  The  apex 
of  the  heart  was  wounded  in  17.  The  reason  of  the  frequency  of  wound  of 
the  right  ventricle  is  the  obvious  anatomical  fact  that  it  lies  more  anteriorly 
than  the  left,  and  hence  is  more  likely  to  be  injured  by  wounds  that  penetrate 
the  chest  from  the  front — this  being  the  most  common  situation  of  wounds 
that  injure  the  heart.  According  to  Fischer,  in  258  cases  the  heart  was 
wounded  from  the  front  of  the  thorax,  in  26  from  the  abdomen,  in  11  from 
behind,  and  in  5  from  the  side. 

The  pericardium  is  necessarily  wounded  in  most  cases  of  wounds  of  the 
heart.  But  there  are  instances  on  record  in  which  a  ball  has  entered  the  chest 
and  caused  a  laceration  of  the  heart-substance  without  penetrating  the  peri- 
cardium, which  escaped  in  consequence  of  its  firmness  and  fibrous  character. 
Again,  as  has  already  been  stated,  the  pericardium  alone  may  be  injured  : 
Fischer  has  collected  51  such  cases. 

The  S3miptoms  of  a  wound  of  the  heart,  when  immediately  fatal,  are  as 
follows.  The  person  struck  springs  up  convulsively,  or  falls  suddenly  prostrate  ; 
sometimes  with,  sometimes  without,  a  sudden  and  sharp  shriek.  Death  results 
from  haemorrhage,  which  will  be  profuse,  and  pass  out  beyond  the  pericardium, 
if  the  wound  be  large  and  that  membrane  be  widely  opened  ;  or  into  the 
pericardium,  preventing  action  of  the  heart  by  compression,  if  the  wound  be 
small.  In  either  case,  death  is  hastened  by  collapse  arising  from  shock  to  the 
central  organ  of  the  circulation  itself,  and  to  the  system  at  large  from  the 
wound  of  so  important  an  organ. 

If  the  wound  be  small  and  death  be  not  immediate,  there  are  evidences  of 
great  shock  in  the  intense  depression  of  vital  power,  the  paUid  and  anxious 
countenance,  and  the  relaxation  of  the  hmbs.  The  action  of  the  heart  itself 
is  tumultuous,  weak,  and  irregular  ;  the  pulse  is  scarcely  perceptible  ;  the 
breathing  is  frightfully  embarrassed.  If  the  patient  survive  a  few  days,  these 
symptoms  partially  and  intermittingly  subside,  and  the  ordinary  signs  of 
pericarditis  come  on— friction,  gradually  disappearing  more  or  less  completely 
as  the  pericardium  becomes  distended  with  fluid,  when  there  will  be  increased 
duhiess  on  percussion,  with  a  weak  impulse  and  elevation  of  the  heart's  apex. 
By  auscultation  the  heart's  sounds  will  be  found  to  be  feeble  and  muffled, 
especially  at  the  apex.  To  these  may  possibly  be  added  evidences  of  endo- 
cardial inflammation.  Of  these  consecutive  inflammatory  complications  and 
of  their  consequences  the  patient  will  most  probably  die,  though  perhaps  at  a 
remote  period  and  after  prolonged  sufi'ering. 
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Ruptures  of  the  Heart  from  External  Violence,  without  penetrating 
wounds  of  tlie  chest,  are  not  of  frequent  occurrence.  Gamgee  has,  however, 
collected  27  published  cases  of  this  accident.  On  analysing  these  he  finds  that, 
in  at  least  one  half  of  the  cases,  the  pericardium  was  intact ;  12  of  the  ruptures 
were  on  the  right,  10  on  the  left  side.  The  right  ventricle  was  ruptured  in  8, 
and  the  left  in  ?>  cases  ;  whereas  the  left  auricle  was  torn  in  7,  and  the  right 
only  in  4  instances.  Death  is  usually  almost  instantaneous,  though  there  are 
instances  on  record  in  Avhich  the  patient  made  some  exertion  after  the  rup- 
ture had  taken  place,  and  has  even  lived  for  several  hours.  In  a  case  of  ruptm'e 
of  the  right  auricle  recorded  by  Rust,  the  patient  survived  fourteen  hours.  In 
most  of  the  recorded  cases,  the  injury  occasioning  the  rupture  was  directly 
applied  to  the  region  of  the  heart.  But  instances  are  not  Avanting  in  which  this 
organ  has  been  found  ruptured  through  one  or  both  ^^entricles  or  in  one  of  the 
auricles,  without  any  evidence  of  direct  injury  in  the  cardiac  I'egion — the 
patient  having  fallen  upon  his  head  or  shoulders,  or  having  been  merely  thrown 
forcibly  to  the  ground  with  serious  injury  to  the  lower  extremities.  In  some 
of  these  cases,  there  is  reason  to  believe  that  the  rupture  was  jDroduced  by  the 
spasmodic  violence  of  the  contractions  of  the  heart,  under  the  influence  of 
great  mental  emotion  or  fear.  The  only  case  that  has  occurred  in  my  practice 
was  that  of  a  man  brought  into  the  Hospital  dead,  having  fallen  from  the  top 
of  a  cart  on  to  his  right  shoulder.  On  examination,  the  liver  was  found 
extensively  torn,  in  ftict  smashed,  and  the  pericardium  was  distended  with 
blood — there  being  a  triangular  ragged  aperture  at  the  anterior  part  of  the 
left  auricular  appendage,  through  which  it  had  escaped. 

Wounds  of  the  Aorta  and  Vena  Cava  are  usually  as  immediately  fatal 
as  those  of  the  heart  itself.  In  this  respect,  they  resemble  wounds  of  the 
auricles  rather  than  those  of  the  ventricles.  Heil  has,  however,  recorded  a 
case  in  which  the  patient  lived  for  a  twelvemonth,  after  receiving  a  stab  that 
penetrated  the  ascending  aorta. 

Wound  of  the  Thoracic  Duct  may  occur  in  surgical  or  homicidal  injuries. 
It  has  happened  in  the  ligature  of  the  left  subclavian  artery,  and  in  wounds 
deeply  penetrating  the  chest.  The  main  diagnostic  symptom  is  a  constant 
dripping  or  draining  away  of  lymph.  This  condition  is  incurable,  and  would 
necessarily  prove  fatal,  even  if  the  patient  escaped  the  primarily  fatal  conse- 
quences of  the  concomitant  injury.  Bradley  has  collected  and  published 
the  following  six  cases  which  illustrate  well  the  characters  of  the  injury. 

"  Hoffmann's  first  case  was  that  of  a  woman  wounded  through  the  left  side 
with  a  knife.  Following  the  wound  there  was  a  copious  discharge  of  a  sponta- 
neously coagulating  fluid,  which  was  observed  to  be  milky  during  digestion,  and 
clear  while  the  patient  was  fasting.  In  his  second  case,  the  escape  of  chyle 
folloAved  the  opening  of  an  abscess  of  the  posterior  mediastinum.  Monro 
relates  a  case  where  the  thoracic  duct  was  wounded  by  a  stab  ;  the  lymph 
escaped  externally  and  also  into  the  pleural  cavity,  interfering  with  the  heart's 
action.  Guiffbrt's  case  is  of  a  similar  nature.  Bonnet  gives  the  history  of  a 
Baron  Heinden,  who  was  wounded  in  battle  by  a  bullet,  which  escaped  beneath 
the  left  scapula.  From  this  Avound  there  gradually  began  to  flow  an  excessive 
quantity  of  lymph."  In  Quincke's  case,  "the  pleural  cavity  became  so  full 
of  extravasated  lymph  that  paracentesis  had  to  be  performed  to  prevent 
suff"ocation,  from  which,  indeed,  the  patient  eventually  died." 
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INJUEIES  OF  THE  ABDOMEN  AND  ABDOMINAL  VISCERA. 

Injuries  of  the  abdomen  may  be  divided  into  Contusion  of  the  Abdomen, 
with  or  without  Rupture  of  Internal  Organs  ;  Non-penetrating  Wounds  ;  and 
Penetrating  Wounds,  either  nncomphcated,  or  conjoined  with  Injury  or  Pro- 
trusion of  some  of  the  Organs  contained  in  this  cavity. 

Contusions  of  the  Abdominal  AValls  from  blows  or  kicks  usually  ter- 
minate without  serious  inconvenience,  but  in  some  cases  are  followed  by  very 
acute  peritonitis,  which  may  prove  fatal. 

In  other  cases,  the  abdominal  muscles  may  be  ruptured,  although  the  skin 
may  remain  unbroken.  A  man  was  admitted  under  my  care  into  the  Hospital 
having  received  a  blow  from  the  buflPer  of  a  railway-carriage  upon  his  abdomen. 
He  complained  of  great  pain  at  one  spot ;  and,  on  examination  after  death, 
we  found  the  rectus  muscle  torn  across  without  injury  either  to  the  integu- 
ments or  the  peritoneum.  If  the  patient  live,  an  injury  of  this  kind  is  apt  to 
be  followed  by  atrophy  of  the  muscular  substance,  and  perhaps  by  the  occurrence 
of  a  ventral  hernia  at  a  later  period.  Occasionally  the  contusion  is  followed  by 
abscess  in  the  abdominal  wall,  which  has  a  tendency  to  extend  widely  between 
the  muscular  planes.  The  abscesses  should  be  opened  early,  lest  they  burst 
into  the  peritoneal  cavity  and  occasion  fatal  inflammation. 

Buffer- Accidents. — A  contusion  of  the  abdomen  is  often  associated  with 
Rupture  of  some  of  the  Viscera.  In  military  practice  these  internal  in- 
juries are  met  with  in  the  so-called  "  wind-contusions ; "  in  civil  practice 
they  commonly  result  from  blows,  kicks,  the  passage  of  a  cart-wheel  over 
the  abdomen,  or  a  squeeze  of  the  body  between  the  buflPers  of  two  railway 
carriages.  These  "  Buffer-accidents  "  are  of  common  occurrence  in  hospital 
practice,  resulting  usually  from  the  carelessness  of  railway-guards  and  porters, 
who,  in  trying  to  pass  between  carriages  in  motion,  are  caught  and  squeezed 
between  the  buffers.  In  these  cases  the  most  fearful  internal  injuries  occur, 
often  without  any  external  wound.  A  man  was  admitted  under  my  care  into 
University  College  Hospital,  in  whom  the  liver,  stomach,  spleen,  and  kidneys, 
were  crushed  and  torn  ,•  the  heart  was  ecchymosed  on  its  surftice,  and  one  of 
the  lungs  was  lacerated,  without  any  rupture  of  the  skin  or  fracture  of  the 
ribs.  The  particular  organ  injured  depends  on  the  situation  of  the  blow.  The 
organ  that  is  most  frequently  crushed  in  this  way  is  the  liver,  owing  to  its 
large  size  and  the  unyielding  nature  and  ready  lacerabiHty  of  its  structure  ; 
the  other  solid  organs,  such  as  the  spleen  and  kidneys,  do  not  suffer  so  fre- 
quently :  the  pancreas  I  have  never  seen  injured.  Among  the  hollow  organs 
the  stomach  most  commonly  suffers,  and  it  is  especially  likely  to  do  so  if 
struck  Avhile  distended  by  food.  Any  portion  of  the  intestinal  canal  may  be 
lacerated.    I  have  seen  the  duodenum,  the  ileum,  the  jejunum,  and  the  large 
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intestine  ruptui-ed  in  different  cases :  the  mesentery  likewise  may  be  torn,  and 
the  spermatic  cord  snapped  across. 

The  sufferer  usually  dies  in  the  course  of  a  few  hours,  after  the  receipt  of 
these  severe  injuries,  from  haemorrhage  into  the  abdominal  cavity,  conjoined 
with  shock.  It  is  seldom  that  life  is  prolonged  sufficiently  for  peritonitis  to 
be  set  up,  though  this  is  the  chief  danger  to  be  apprehended  in  those  cases 
that  survive  the  more  immediate  effects  of  the  accident.  The  shock  of  itself 
may  prove  fatal,  though  there  be  but  httle  apparent  internal  mischief ;  thus, 
I  have  seen  a  man  die  collapsed  eight  hours  after  a  buffer-accident,  in  whom 
no  injury  was  found  except  a  small  rupture  of  the  mesentery,  attended  with  but 
very  shght  extravasation  of  blood.  The  severity  of  the  shock,  amounting 
often  to  prolonged  and  complete  collapse,  is  one  of  the  most  remarkable  phe- 
nomena attending  these  injuries.  It  is  difficult  to  account  for  it,  except  on 
the  supposition  that  it  is  due  to  wound  or  concussion  of  the  great  sympathetic 
nerve  and  its  large  abdominal  ganglia.  To  whatever  cause  it  may  be  referred, 
it  is  certain  that  it  is  greater  than  that  which  follows  a  corresponding  injury, 
unattended  by  loss  of  blood,  of  any  other  part  of  the  body  except  the  central 
portions  of  the  cerebro-spinal  nervous  system.  The  continuance  of  the  shock 
may  be  maintained,  and  its  intensity  increased,  by  the  syncopal  effect  of  in- 
ternal haemorrhage,  which,  when  the  soHd  organs  are  ruptured,  is  the  most 
common  cause  of  death.  So  far  as  my  experience  goes,  I  would  say  that  the 
shock  is  most  severe  in  injuries  of  and  about  the  stomach,  probably  from 
damage  to  the  great  solar  plexus.  Haemorrhage  is  the  most  usual  cause  of 
death  when  the  liver  and  spleen  are  ruptured  ;  and  the  patient  usually  dies  of 
acute  peritonitis  when  the  intestine  has  been  torn  across. 

The  Symptoms  of  an  internal  abdominal  injury  are  often  extremely  equivocal, 
and  will  necessarily  vary  according  to  the  organ  injured. 

If  the  Liver  have  been  ruptm-ed,  pain  over  the  region  of  that  organ,  dulness 
on  percussion  from  extravasated  blood,  and  great  collapse,  followed,  if  the 
patient  live,  by  diffuse  peritonitis,  bilious  vomiting,  white  stools,  and  jaundice, 
will,  with  sufficient  precision,  indicate  the  true  nature  of  the  injmy.  Bernard 
has  further  shown  that  contusions  of  the  liver  are  followed  by  saccharine 
diabetes. 

Rupture  of  the  liver  is  by  no  means  always  speedily  or  even  necessarily 
fatal.  It  may  be,  and  usually  is  so,  from  great  extravasation  of  blood  or  of 
bile  ;  but  if  neither  of  these  be  largely  poured  out,  the  patient  may  live  for 
some  considerable  time,  though  he  may  eventually  succumb  to  peritonitis. 
A  man  was  once  admitted  under  my  care  into  the  University  College 
Hospital,  who  had  been  crushed  between  the  buffers  of  two  railway  carriages. 
He  was  collapsed  and  apparently  moribund,  but  rallied  in  a  few  hours. 
Two  days  after  the  accident,  great  pain  and  tenderness  in  the  right 
hypochondrium  were  complained  of,  and  dulness  on  percussion  was  found  to 
extend  as  low  as  the  umbihcus.  He  became  jaundiced,  and  there  were 
symptoms  of  low  peritonitis ;  these  were  followed  by  great  swelling  of  the 
abdomen,  which  became  tympanitic ;  the  peritonitis  continued,  and  symptoms 
of  intestinal  obstruction  came  on,  the  dulness  increasing,  with  fluctuation  in 
the  flanks.  He  died  on  the  sixteenth  day  after  the  accident,  and  on  examina- 
tion no  less  than  240  ounces  of  bilious  fluid,  mixed  with  flakes  of  lymph,  were 
found  in  the  abdominal  cavity  ;  the  obstruction  of  the  bowels  being  dependent 
on  the  pressure  of  this  effusion,  and  on  the  matting  together  of  the  intestines 
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by  lymph.  There  was  a  large  rent  in  the  thick  border  of  the  liver,  which  was 
beginning  to  cicatrize. 

Injnry  over  the  region  of  the  liver,  probably  occasioning  laceration  of  that 
organ,  followed  by  peritonitis  and  janiidicc,  may  be  recovered  fi-om.  Of  this 
I  have  seen  several  instances  in  my  own  practice.  The  following  is  a  good 
example.  A  man,  about  forty  years  of  age,  fell  from  a  scaffold  to  the  ground. 
In  foiling,  he  struck  violently  against  a  beam,  injuring  his  abdomen  on  the 
right  side.  He  was  brought  to  the  Hospital  in  a  state  of  collapse,  from  which 
he  slowly  rallied.  There  was  no  injury  but  that  of  the  abdomen,  of  which  he 
complained  much,  more  particularly  over  the  region  of  the  liver,  which  was 
very  tense.  Peritonitis  speedily  set  in,  with  great  tympanitic  distension  of 
the  belly,  vomiting  of  bilious  matter,  and  the  passage  of  colourless  stools. 
These  symptoms  continued  many  days,  and  the  man  became  jaundiced.  As 
the  tympanites  subsided,  it  was  found  that  there  was  dulness  on  percussion  in 
both  flanks,  and  that  the  fluid,  which  was  evidently  extravasatcd  into  the 
peritoneal  cavity,  rose  to  a  level  with  the  umbilicus  when  he  lay  on  his  left 
side,  which  he  did  habitually.  He  was  treated  with  opium,  and  put  011  a  very 
mild  unstimulating  diet.  He  gradually  but  slowly  recovered,  the  vomiting 
becoming  less  frequent,  and  eventually  ceasing,  and  the  fluid  in  the  abdomen 
being  slowly  absorbed,  bile  at  the  same  time  appearing  in  the  motions  ;  but 
the  tenderness  over  the  region  of  the  liver  continued  up  to  the  time  at  which 
he  left  the  Hospital,  nearly  two  months  after  the  accident.  In  this  case  the 
long  and  severe  collapse,  the  seat  of  pain  and  injury,  the  peritonitis,  the  bilious 
vomitings,  and  the  white  stools,  all  pointed  to  serious  injury  of  the  liver;  and 
rapid  intra-abdominal  extravasation  could  only  be  accounted  for  by  rupture 
of  that  organ. 

If  the  Spleen  ha\^e  been  lacerated,  there  will  be  all  the  effects  of  severe 
shock  of  the  system,  accompanied  by  those  of  internal  hemorrhage  ;  coldness, 
and  pallor  of  the  surface,  a  small  and  feeble  pulse,  anxiety  of  countenance, 
and  great  depression  of  the  vital  powers,  with  pain  at  the  seat  of  injury,  and 
dulness  on  percussion  from  extravasatcd  blood.  These  symptoms  usually 
terminate  rapidly  in  death. 

Rupture  of  the  spleen  is  specially  liable  to  occur  from  slight  blows  Avhen 
that  organ  is  enlarged  as  the  result  of  exposure  to  a  malarious  climate. 

If  the  Kidneys  be  injured,  there  will  commonly  be  a  frequent  desire  to 
pass  urine,  and  this  will  be  tinged  with  blood,  often  to  a  considerable  extent. 
If  the  ureter  become  plugged  by  a  clot  there  may  be  severe  i-enal  colic,  the 
pain  shooting  down  to  testicle  and  thigh.  Sometimes  the  bladder  l)ecomes 
distended  with  coagulated  blood.  After  the  discharge  of  blood  ceases,  the 
urine  will  become  albuminous,  and  may  continue  so  for  a  great  length  of  time. 
On  examining  such  albuminous  urine  under  the  microscope,  it  will  generally 
be  found  to  contain  a  few  blood-corj^uscles,  and  possibly  some  tube-casts, 
at  first,  perhaps,  containing  blood-corpuscles,  and  later  on  becoming  granular. 
Pus  and  mucus,  Avith  epithelium-cells  fi-om  the  pelvis  of  the  kidney,  and 
occasionally  renal  epithelium  may  be  met  with  later  on,  showing  the  existence 
of  inflammation  in  the  kidney.  It  is  a  remarkable  and  important  practical 
fact  that,  so  far  as  my  experience  goes,  I  have  never  seen  albumen  in  the 
urine  as  the  result  of  renal  injury,  unless  it  had  been  preceded  by  blood. 
The  absence  of  blood  from  the  urine  must  not,  however,  be  taken  as  an  indica- 
tion that  the  kidney  is  not  injured ;  it  may  be  so  disorganized  as  to  be  totally 
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incapable  of  secretin<>-,  or  the  ureter  being  torn  across  no  bloody  urine  finds  its 
way  into  the  l)ladder.  A  man  Avas  admitted  into  the  Hosjiital  under  my  care 
for  a  buffei'-injnry  of  the  back  ;  he  passed  urine  untinged  with  1)lood,  l)ut  after 
death  his  right  kidney  was  found  completely  smashed  by  the  blow,  and  there 
was  an  extensive  extravasation  of  blood  in  the  fat  around  it ;  here  it  was 
evident  that  the  disorganization  was  so  sudden  and  complete  that  uo  urine 
could  find  its  w  ay  into  the  bladder.  In  another  case,  in  consequence  of  a  fall 
fi-om  a  window,  an  elderly  man  died  in  the  course  of  an  hour,  having  struck 
his  back  and  sustained  several  fractures  of  the  limbs.  The  left  kidney  was 
ruptured  in  a  starred  manner,  with  extensive  extravasation  of  blood  into  the 
tissues  around  it.  l)ut  there  was  not  a  tinge  of  blood  in  the  urine  Avhich  was 
retained  in  the  bladder. 

Rupture  of  the  kidney  is  by  no  means  necessarily  fatal.  Patients  have 
lived  after  exhibiting  all  the  signs  of  it — the  jiassing  of  bloody  urine,  and  the 
presence  of  circumscribed  peritonitis ;  and,  when  death  has  occurred  at  a  later 
period,  cicatrices  have  been  detected  in  the  organ.  A  patient  was  admitted 
under  my  care  into  the  University  College  Hospital  for  a  severe  IjIow  upon 
the  back  from  the  bufiFer  of  a  railway-carriage,  followed  by  haimaturia  and 
other  symptoms  of  renal  injury ;  on  his  death  from  pneumonia  nine  weeks 
after  the  accident,  an  extravasation  of  blood,  with  the  marks  of  recent 
cicatrization,  was  found  in  the  left  kidney. 

When  the  Stomach  is  ruptured  the  nature  of  the  accident  is  usually 
revealed  by  bloody  vomiting,  with  pain  in  the  region  of  the  stomach,  and  the 
most  profound  shock.  These  signs,  however,  do  not  occur  in  all  cases.  A 
man  was  admitted  to  the  Hospital  under  my  care,  whose  abdomen  had  been 
squeezed  between  a  cart-wheel  and  a  lamp-post ;  during  the  five  hours  that  he 
lived  he  vomited  several  times,  bringing  up  a  meal  which  he  had  taken 
immediately  before  the  accident.  In  the  vomited  matters  there  was  no  blood 
to  be  seen  ;  but  on  examination  after  death  it  was  found  that  not  only  the  ■ 
liver  and  spleen  were  ruptured,  but  the  stomach  was  torn  almost  completely 
across  near  the  pylorus. 

Eupture  of  the  Intestine  is  much  more  common  than  that  of  the  stomach. , 
It  may  occur  at  any  part  of  the  gut,  but  is  most  commonly  met  with  in  the  • 
duodenum  or  at  the  junction  of  the  duodenum  and  jejunum.    The  frequency 
with  which  the  duodenum  is  ruptured  is  due  partly  to  its  position,  and  partly 
to  its  fixity.    The  third  part  of  the  duodenum  crosses  the  spine  in  fi-ont  of  I' 
the  second  lumbar  Aertel)ra,  or  about  one  inch  above  the  umbilicus,  and  thus; 
receives  no  protection  from  the  costal  cartilages.    In  this  part  oi  its  course  ifc: 
is  uncovered  by  peritoneum,  and  is  consequently  fixed  so  firmly  that  it  receives? 
the  full  force  of  any  violent  pressure,  being  unable  to  slip  away  from  beneath  it,, 
as  do  those  parts  of  the  intestine  which  are  completely  covered  by  peritoneum' 
and  attached  to  a  loose  mesentery.    AVhen  the  force  is  applied  in  an  obliqut 
direction  from  right  to  left,  rupture  occasionally  takes  place  at  the  junction  ui 
the  movable  jejunum  with  the  fixed  duodenum.    Eupture  of  the  duodenun^ 
may  occur  therefore  with  or  without  injury  to  the  peritoneum.  Eupture  of  th. 
gut  into  the  peritoneal  cavity  is  indicated  by  intense  pain  in  the  belly  with  severe 
shock.    Peritonitis  speedily  sets  in,  with  vomiting,  at  first  bilious,  but  soon 
becommg  dark-coloured  or  almost  black.    The  abdomen  becomes  tympanitic 
and  tensely  distended,  with  gradually  increasing  dulness  in  each  flank.  Free 
gas  in  the  peritoneal  cavity  may  sometimes  be  recognized  by  tympanitic 
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resonajicc  in  front  of  the  liver.  The  belly  is  acutely  tender,  and  tbe  patient 
lies  on  his  back  with  his  knees  drawn  up.  These  injuries  are  extremely  fatal, 
in  fact  if  the  aperture  in  the  gut  be  of  suffieient  size  to  allow  of  the  escape  of 
the  contents  of  the  gut  into  the  peritoneal  cavity,  death  almost  inevitably 
results.  Rupture  of  the  third  part  of  the  duodenum  behind  the  peritoneum 
is  accompanied  by  much  less  clearly  marked  symptoms :  there  are  pain  and 
tenderness,  and  possibly  vomiting  of  blood.  If  the  patient  survive  sufficiently 
long  he  may  pass  a  motion  blackened  by  altered  blood.  Death  takes  place 
in  these  cases  usually  from  diffuse  suppuration  spreading  in  the  loose  sub- 
peritoneal tissue  downwards  in  front  of  the  kidneys  or  even  to  the  iliac  fosste, 
in  conse(iuence  of  which  peritonitis  with  cflFusion  is  often  set  up. 

An  occasional  symptom  of  rupture  of  the  intestine  is  Emphysema  of  the 
Abdominal  Wall,  and  subsequently  of  the  trunk  generally,  from  the  escape 
of  flatus  from  wounded  intestine  into  the  subperitoneal  areolar  tissue,  and 
thence  into  the  more  superficial  planes.  When  this  takes  place,  the  same 
doughy,  puify,  inelastic,  crepitating  swelling  of  the  subcutaneous  areolar 
tissue,  that  is  met  Avith  in  thoracic  emphysema,  is  observed.  It  usually 
commences  in  one  or  the  other  flank,  and  may  then  creep  up  towards  the 
axilla,  or  in  front  of  the  abdominal  wall. 

As  a  diagnostic  sign,  this  form  of  emphysema  is  A'aluable  in  those  cases  in 
which  the  intestines  have  been  injui-ed,  either  without  any  wound  of  the 
abdominal  parietes,  or,  if  there  be  wound,  without  protrusion  of  the  injured 
portion  of  gut.  In  two  of  the  cases  in  Avhich  I  have  observed  it,  this  con- 
dition was  the  only  positive  sign  of  intestinal  injury.  In  one  case,  the  transverse 
duodenum  had  been  ruptured  where  uncovered  by  peritoneum,  by  a  buffer- 
accident  ;  and,  in  the  other  the  rectum  and  meso-rectum  had  been  traversed 
by  a  pistol-l)all.  In  both  these  cases  the  emphysema  was  extensiA'e,  the  flatus 
having  passed  directly  into  the  sul)peritoneal  areolar  tissue.  In  other  cases  it 
may  in  the  first  instance  pass  into  the  cavity  of  the  abdomen,  and  render  that 
tympanitic,  and  then,  as  in  thoracic  emphysema  after  pneumothorax,  escape 
into  the  areolar  tissue  at  the  edges  of  the  wound.  In  a  case  under  my  observa- 
tion, it  occurred  after  tapping  the  bladder  through  the  rectum.  The  flatus 
escaped,  after  the  removal  of  the  cannula  on  the  sixth  day,  through  the  small 
aperture  in  the  walls  of  the  gut  into  the  subperitoneal  areolar  tissue  of  the 
pelvis,  thence,  through  the  sciatic  notches,  down  the  posterior  and  outer  parts 
of  the  thighs  and  the  flanks. 

The  diagnosis  of  abdominal  emphysema  from  thoracic  emphysema,  and  from 
puti'cfiictive  infiltratioii  of  air  into  the  areolar  tissue,  requires  to  be  made.  In 
the  first  case,  the  diagnosis  may  readily  be  effected  by  observing  an  absence  of 
the  signs  of  thoracic  injury,  and  by  the  situation  of  the  emphysema  in  the 
posterior  or  lateral  abdominal  wall,  or  around  tlic  lips  of  a  wound.  From 
putrefactive  infiltration  with  air,  the  abdominal  emphysema  is  easily  distin- 
guished by  the  cause,  and  by  the  absence  of  diffuse  inflanmiation  of  the  areolar 
tissue. 

The  Treatment  of  the  various  injuries  of  the  abdomen  that  have  just  been 
described  is  very  simple.  If  the  symptoms  indicate  laceration  of  one  of  the 
viscera,  little  can  be  done  during  the  state  of  collapse  supervening  on  tin; 
accident,  beyond  keeping  the  patient  quiet,  and  employing  the  means  that  have 
been  recommended  for  lessening  the  effects  of  shock.  If  the  patient  survive 
this  period,  our  chief  reliance  must  be  placed  on  the  maintenance  of  perfect  rest 
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of  tlie  intestines  by  the  free  administration  of  o])ium.    The  treatment  of  trau- 
matic peritonitis  will  be  more  fully  described  with  Wounds  of  the  Intestine. 

Wounds  of  the  Diaphragm  may  be  occasioned  by  stabs  or  l)y  gunshot- 
injury.  Sometimes,  however,  this  muscle  is  jierforated  by  the  fragment  of  a 
broken  rib  without  external  wound.  The  lesion,  though  not  in  itself  mortal, 
is  necessarily  usually  com])licated  with  so  much  visceral  injury  as  to  be  very 
generally  followed  by  death.  If  the  patient  sur\-ive,  the  a])crture  may  be 
closed  by  a  cicatrix,  to  which  the  adjacent  lung  will  probably  adhere  ;  and 
thus  the  separation  between  the  cavities  of  the  chest  and  abdomen  will  be 
maintained.  Should  this  ]iot  happen,  a  liernial  protrusion  of  some  of  the 
abdominal  viscera  may  take  place  into  the  pleural  cavity,  as  will  be  more 
fully  described  when  we  speak  of    Diaphragmatic  Hernia." 

Wounds  of  the  Abdojien. — Wounds  of  the  Abdominal  Wall  that  do 
not  penetrate  the  Peritoneal  Cavity,  if  uncomplicated  with  internal 
injury,  usually  do  well,  and  require  merely  to  be  treated  on  ordinary  prin- 
ciples. If  they  l)e  incised,  and  so  extensive  as  to  require  sutures,  the  stitches 
should  be  introduced  through  the  skin  alone,  never  through  muscular  or 
tendinous  structures,  the  union  of  w^hich  could  not  be  effected  in  this  way  ; 
the  parts  injured  must  also  be  relaxed  by  careful  attention  to  position.  When 
they  are  the  result  of  gunshot-injury,  they  suppurate  extensively,  and  arc 
very  slow  in  healing.  The  epigastric  artery  is  occasionally  divided  in  these  • 
injuries,  and  may  give  rise  to  extravasation  of  large  quantities  of  blood  into  ■ 
the  sheath  of  the  rectus  ;  the  w'ound  must  then  be  enlarged,  if  necessary,  the 
extravasated  blood  cleaned  out,  and  the  artery  secured  by  a  ligature. 

Wounds  that  Penetrate  the  Cavity  of  the  Abdomen  arc  of  especial 
interest,  on  account  of  the  frequency  with  which  they  are  comjilicated  with 
peritonitis,  and  with  injury  of  the  viscera.  They  may,  for  practical  purposes, , 
be  divided  into,  1,  those  that  Penetrate  the  Peritoneal  Sac,  without  wounding 
or  causing  the  protrusion  of  any  of  the  contained  organs  ;  and,  2,  those  that 
are  complicated  wdth  Protrusion  or  Wound  of  some  of  the  Viscera. 

1.  Penetrating  Wounds  of  the  Abdomen,  without  Visceral  Pro- 
trusion or  Injury,  are  often  somewhat  difficult  to  distinguish  fi'om  simple ; 
wounds  of  the  abdominal  wall,  though  the  escape  of  a  small  quantity  of  reddish  i 
serum  may  reveal  the  nature  of  the  accident.  In  these  cases  the  Surgeon  i 
should  be  careful  not  to  push  his  examination  too  far,  by  probing  or  otherwise 
exploring  the  wound,  lest  he  really  perforate  the  peritoneum  which  was  pre-- 
viously  intact.  The  cavity  of  the  peritoneum  has  often  l)cen  ])erf orated  fromi 
front  to  back  by  bullet-wounds  or  sword-thrusts,  without  there  being  any  sign  i 
of  visceral  injury.  In  the  absence  of  peritonitis  or  other  signs  of  mischief, ', 
the  Avound  must  be  treated  as  a  simple  one  of  the  abdominal  w^ill,  and  any.- 
complication  that  may  occur  must  be  met  in  the  way  that  will  immediately  v 
be  described. 

2.  In  a  Penetrating  Wound  with  Protrusion  or  Injury  of  Visceray 

the  risk  is  necessarily  greatly  increased ;  here  the  chief  danger  is  from  peri- 
tonitis, induced  either  by  extravasation  of  the  intestinal  contents  into  the 
peritoneal  cavity,  or  by  decomposition  of  the  extravasated  blood,  or  serous 
effusion,  in  the  peritoneum  consequent  upon  the  communication  of  the  cavity 
with  the  air  by  the  external  wound.  This  is  all  the  more  likely  to  occur  ifi 
the  w^ound  be  of  such  a  nature  that  it  cannot  unite  by  the  first  intention,  as 
in  most  gunshot-injuries.    It  luit  seldom  happens  that  death  results  fi-om 
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hfcinoiThage  in  these  cases,  though  this  may,  of  course,  occur  if  any  of  tlie 
larger  vessels  be  injured. 

Protrusmi  of  uniiiji/rod  intestine,  mesentenj,  or  omvntnm  may  take  place 
through  the  wound  in  the  abdominal  wall.  This  ]>rotruded  mass  is  always 
very  large  in  comparison  with  the  aperture  from  which  it  escapes,  the  sides  of 
which,  being  overlaid  by  it,  constrict  it  rather  tightly,  so  as  to  form  a  distiuct 
neck  to  the  protrusion.  If  left  unreduced,  the  mass  speedily  loses  its  polish 
and  bright  colour,  becoming  dull  and  livid  from  congestion  ;  it  then  inflames 
and  swells,  and  soon  becomes  gangrenous  from  the  pressure  exercised  upon  it 
by  the  sides  of  the  aperture  through  which  it  has  passed. 

In  many  cases  the  protruded  intestine  is  icoiinded.  The  existence  of  this 
further  injury  will  readily  be  ascertained  by  the  escape  of  flatus,  or  of  the 
fluid  contents  of  the  gut.  The  characters  of  tlie  wound  vary,  as  Travers  has. 
pointed  out,  according  to  its  size.  If  it  be  a  mere  puncture,  or  even  an 
incision  two  or  three  lines  in  length,  e^■ersion  or  prolapsus  of  the  mucous 
membrane  will  take  place,  so  as  to  close  it  sufficiently  to  prevent  the  escape  of 
the  contents.  If  the  aperture  be  above  four  lines  in  length,  this  plugging  of 
it  by  everted  mucous  membrane  cannot  occur,  and  then  the  contents  of  the 
bowel  escape  ;  but,  qxqw  in  these  circumstances,  there  will  be  a  tendency  to 
the  protrusion  of  the  membrane,  which  forms  a  kind  of  lip  over  the  edge  of 
the  cut. 

^'1  wounded  intestine  which  does  not  2J7'ot7'ude,  but  remains  within  the 
abdominal  cavity,  exhibits  the  same  phenomena.    In  these  cases,  however, 
there  is  the  additional  danger  of  the  extravasation  of  the  intestinal 
contents  into  the  peritoneum.    This  extravasation  is  unquestionably  one  of 
the  greatest  dangers  that  can  occur  in  wounds  of  the  abdomen,  inasmuch  as 
by  its  irritating  qualities  the  feculent  matter  gives  rise  to  and  keeps  up  the 
most  intense  peritonitis.    It  is  not,  however,  an  invariable  sequence  of  j^ene- 
trating  wounds  of  tlie  intestine,  especially  if  the  Avound  be  made  by  a  sharp 
instrument ;  and  even  in  bullet-wounds  of  the  gut  no  fsecal  extravasation  may 
take  place.    This  was  well  illustrated  in  a  case  in  University  College  Hospital 
of  a  man  who  Avas  shot  through  the  abdomen.    The  intestines,  Avliich  con- 
tained much  feculent  matter,  were  traversed  by  the  bullet  in  four  places.  He 
lived  twenty-four  hours,  and  yet  no  feculent  extraA'asation  took  place.  In 
another  case  to  Avhich  I  Avas  called,  that  of  a  young  gentleman  Avho  had  been 
accidentally  shot  through  the  abdomen  with  the  ramrod  of  a  horse-pistol,  the 
descending  colon  Avas  cut  completely  across,  and  the  small  intestines  perforated 
in  tAvo  places  ;  and  yet  no  extravasation  took  place,  though  he  survived  the 
accident  tAvo  days.    Otis,  hoAA'ever,  points  out  in  the  Report  of  the  American 
War,  that  these  cases  are  entirely  exceptional,  and  that  in  the  vast  majority 
of  gunshot-AVOunds  of  the  intestine,  faecal  extravasation  does  take  place,  and 
gives  rise  to  fatal  peritonitis.    That  certain  cases  escape  this  danger  may  be 
due  to  several  causes.    In  the  first  place,  as  Ave  have  already  seen,  if  the 
wound  in  the  gut  be  beloAV  a  certain  size,  there  is  a  natural  tendency  to  its 
occlusion  by  eversion  of  the  mucous  membrane.    In  other  cases  again,  as  in 
the  duodenum  or  colon,  the  gut  may  be  Avounded  at  a  part  that  is  not  covered 
by  peritoneum.    Besides  this,  it  must  be  borne  in  mind  that,  though  in  ordi- 
nary language  we  speak  of  the  "  cavity  "  of  the  abdomen,  there  is  in  reality 
no  such  thing  ;  there  being  no  empty  space  Avithin  the  peritoneal  sac,  but  the 
whole  of  the  visceral  contents  of  the  abdomen  being  so  closely  and  equably 
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brouo-ht  into  contact  by  the  pressure  of  the  abdominal  muscles  and  of  the 
diaphra£?m,  that  it  requires  some  force  for  the  intestinal  contents  to  overcome 
this  uniform  support,  and  to  insinuate  themselves  between  the  coils  of  con- 
tiguous portions  of  iutestinc.  The  influence  exercised  by  the  continuous 
pressure  of  the  abdominal  walls  upon  the  intestinal  contents,  is  well  shown 
by  the  greater  faciHty  with  which  these  escape  from  a  portion  of  wounded 
intestine  that  has  been  protruded,  than  from  one  that  is  still  lying  within  the 
abdomen.  In  the  former  case,  ffcces  will  escape  from  a  much  smaller  aperture 
than  in  the  latter,  in  consequence  of  the  gut  not  being  supported  on  all  sides 
by  the  uniform  pressure  to  which  it  is  subjected  within  the  abdomen.  The 
close  and  uniform  contact  of  the  coils  of  intestine  with  each  other  also  favours 
the  adhesion  of  the  wounded  coil  to  the  neighbouring  parts,  and  thus  tends 
either  to  completely  prevent  or  to  limit  faecal  extravasation.  In  some  cases  also 
it  is  probable  that  the  shock  of  the  injury  arrests  for  a  time  tlie  peristaltic 
movements  of  the  gut,  and  in  these  circumstances  adhesions  sufficiently  firm 
to  prevent  ftecal  extravasation  may  form  within  twenty-four  hours.  Thus,  in 
a  case  under  my  care  in  University  College  Hospital,  the  patient,  a  young 
man,  aged  22,  cut  his  throat,  and  stabbed  himself  twice  in  the  abdomen  with 
a  dinner-knife.  One  of  these  wounds  divided  more  than  a  third  of  the  cir- 
cumference of  the  jejunum.  The  patient  survived  thirty-six  hours,  and  at  the 
post-mortem  examination  the  wounded  coil  was  found  to  contain  blood  and 
liquid  contents,  but  it  was  adherent  by  firm  inflammatory  exudation  to  the 
neighbouring  coils  of  intestine,  and  no  extravasation  had  taken  place.  The 
patient  more  frequently  escapes  without  extravasation  when  the  great  gut  is 
wounded,  than  when  the  small  intestine  is  perforated. 

Blood  is  extravasated  readily,  as  the  force  of  the  circulation  is  quite  sufficient 
to  overcome  any  resistance  offered  by  the  equable  support  of  the  abdominal 
walls.  Extravasations  of  blood  usually  diffuse  themselves  amongst  the  intes- 
tines, and  gravitate  to  the  flanks,  and  to  the  cavity  of  the  pelvis. 

When  the  contents  of  the  intestine  escape  into  the  peritoneum  diffuse  • 
peritonitis  most  commonly  results,  the  fasces  becoming  mixed  with  the  abun-  ■ 
dant  inflammatory  effusion.  In  other  cases,  however,  extravasations,  whether  ■ 
of  fffices  or  blood,  if  in  small  amount,  may  show  l)ut  little  tendency  to  diffuse 
themselves,  and  may  become  localized  in  the  neighbourhood  of  the  part  from 
which  they  were  originally  poured  out  ;  owing,  in  the  first  instance,  to  the  ' 
surrounding  pressure,  and,  at  a  later  period,  to  the  formation  of  adhesions  ■ 
between  the  folds  of  intestine  and  the  neighbouring  viscera.  The  existence  • 
of  these  extravasations  may,  in  many  cases,  be  recognized  by  dulness  on  per-  • 
cussion  around  the  wound,  by  the  localized  swelling  to  which  they  give  rise,  . 
and  sometimes  by  their  escape  through  the  external  aperture. 

Traumatic  Peritonitis  is  the  great  danger  to  be  apprehended  in  all  I 
serious  injuries  of  the  al.)domen.  It  occurs  in  two  forms,  the  localized  and  i 
diffuse.  Localized  peritonitis  may  follow  a  severe  contusion,  without  recog-  • 
nizable  injury  to  any  viscus.  It  occurs  also  in  cases  of  wound  or  rupture  of  ' 
the  intestine,  in  which  there  is  no  extravasation  of  the  contents  of  the  e:ut.  and  1 
m  slight  lacerations  of  the  liver,  spleen,  or  kidneys.  Localized  peritonitis  is  • 
accompanied  by  the  pathological  phenomena  common  to  all  inflammation ; : 
the  vessels  become  engorged  and  exudation  takes  place,  composed  of  blood- 
jilasma,  more  or  less  pure,  and  migrating  white  corpuscles.  The  exudation 
coagulates,  the  fibrin  and  the  corpuscles  forming  the  "  lymph  "  which  glues  - 
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the  contiguous  surfiices  of  the  peritoneum  to  each  other,  and  the  serum  drain- 
ing away  into  the  cavity  of  the  abdomen,  from  which  it  is  rapidly  absorbed. 
In  these  cases,  in  Avhich  there  is  no  ])ersisteut  source  of  irritation,  the  inflam- 
mation speedily  subsides,  the  exudation  becomes  penetrated  by  new  A  cssels, 
and  finally  firm  bands  of  fibrous  tissue  are  formed,  unitiug  the  coils  of  intestine 
or  the  injured  viscera  to  each  other  or  to  the  abdominal  wall.  In  other  cases 
again,  firm  adhesions  may  form  at  the  circumference  of  the  inflamed  area,  and 
the  process  may  reach  the  stage  of  suppuration  opposite  the  wound  of  the  gut 
in  consequence  of  a  very  slight  escape  of  its  contents,  or  the  same  may  occur 
opposite  a  wound  or  laceration  of  one  of  the  solid  viscera.  There  is  thus 
formed  a  collection  of  pus  bounded  by  the  neighbouring  viscera  or  coils  of 
intestine,  and  shut  off  by  firm  adhesions  from  the  general  cavity  of  the  abdo- 
men. Such  a  collection  of  pus  may  finally  burst  through  the  surrounding 
adhesions,  and  thus  set  up  diffuse  peritonitis,  or  it  may  make  its  way  into  one 
of  the  hoHow  A  iscera  or  to  the  skin,  and  be  safely  discharged. 

The  symptoms  of  localized  peritonitis  are  intense  pain  and  tenderness  over 
the  affected  spot  :  often  aggravated  by  movement  or  respiration.  There  is 
some  elevation  of  temperature,  and  there  may  be  vomiting.  Should  a  loca- 
lized collection  of  pus  form,  the  tenderness  and  pain  will  remain,  there  will 
be  a  definite  swelling  and  hardness  to  be  felt  at  the  affected  part.  The  febrile 
disturbance  remains  unrelieved,  and  there  may  be  one  or  more  rigors.  Should 
the  pus  burst  through  the  surrounding  adliesions  and  find  its  way  into  the 
general  cavity  of  the  peritoneum  there  will  be  intense  sudden  aggravation  of 
the  pain,  followed  by  the  symjjtoms  of  diffuse  peritonitis. 

Diffuse  Peritonitis  occurs  first,  as  the  result  of  extravasation  of  the  con- 
tents of  the  gut,  either  in  penetrating  wounds  from  without  or  from  within 
the  gut,  or  from  ruptures  from  external  violence  ;  and  secondly,  from  decom- 
position of  extravasated  blood  or  inflammatory  exudation  in  the  cavity 
of  the  peritoneum.  The  putrefactive  ferment  may  find  its  way  into  the 
cavity  of  the  peritoneum  from  without  by  means  of  an  external  Avound,  or 
from  within,  from  the  intestine,  either  by  rupture  or  perforation  of  its 
coats,  or  in  consequence  of  sloughing  of  the  wall  of  the  gut  from  the 
\'iolence  to  which  it  has  been  exposed.  The  experience  of  the  operation  of 
ovariotomy  shows  us  that  the  peritoneal  cavity  may  be  opened  and  fi-eely 
exposed  to  the  air  Avitliout  any  great  risk  of  the  occurrence  of  septic  peritonitis 
provided  that  it  be  thoroughly  cleaned  and  no  decomposable  matter  be  left 
within  it.  The  subject  has  further  been  experimentally  inA-estigated  in 
animals  by  Wegner,  and  the  results  obtained  by  him  tend  to  sIioav,  that  if 
only  a  portion  of  the  peritoneum  be  exposed  to  irritation,  the  liquid  exudation 
is  rapidly  absorbed  by  the  healthy  part  of  the  membrane,  so  that  the  cavity  is 
kept  dry  and  free  from  putrescible  matter.  In  rabbits  it  Avas  found  that  a 
considerable  quantity  of  simple  water,  or  even  of  fluids  containing  septic 
bacteria,  could  be  injected  into  the  peritoneal  cavity  without  evil  results 
foUoAving,  the  fluids  being  rapidly  absorbed  and  carried  into  the  blood  stream. 
If,  however,  the  quantity  injected  was  greater  than  could  be  thus  rapidly  disposed 
of,  septic  peritonitis  invariably  followed.  It  seems  probable,  therefore,  that 
the  occurrence  of  septic  peritonitis  after  wounds,  opening  the  cavity  of  the 
abdomen,  Avhether  in  surgical  operations  or  in  accidents,  depends  to  a  great 
extent  upon  the  amount  of  putrescible  matter  in  the  cavity.  If  from  a  wound 
of  some  considerable  vessel  a  large  quantity  of  blood  is  extravasated,  or  if  in 
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conseciuencc  of  local  irritation,  as  from  a  wound  or  rapture  of  the  gut  with  or 
Avithout  slio-ht  fa3cal  extravasation,  the  amount  of  inflammatory  effusion  is 
greater  than  the  uninjured  part  of  the  peritoneum  can  rapidly  absorb,  the 
putrefactive  ferment  finds  material  upon  Avhich  it  can  act,  and  decomposition 
and  septic  peritonitis  follow.  With  a  clean  peritoneal  cavity  and  little 
cxudatiou  the  patient  escapes.  In  injuries  of  the  liver,  peritonitis  may  result 
from  the  escape  of  bile  into  the  cavity  of  the  abdomen  without  decomposition 
taking  place. 

In  a  case  of  diffuse  peritonitis  the  2^osf-moriem  examination  shows 
excess  of  fluid  which,  in  the  earlier  stages,  is  found  chiefly  in  the  most 
dependent  parts,  the  cavity  of  the  pelvis  and  the  flanks.  The  intestines  are 
reddenwd,  and  the  coils  are  distended.  In  the  earliest  stage  the  peritoneal 
snrface  has  lost  its  natural  gloss  to  some  extent,  and  feels  greasy.  When  the 
inflammation  is  further  advanced,  lymph  is  fomid  on  the  gut,  and  especially  in 
the  angles  between  two  contiguous  coils.  If  two  coils  be  separated,  they  will 
be  found  paler  in  colour  from  mutual  pressure  at  the  points  which  have  been 
in  contact,  and  marked  by  a  darker  red  line  where  they  separate.  The 
intestines  are  very  slightly  adherent  to  each  other.  In  the  most  dependent 
parts  of  the  cavity  is  a  large  quantity  of  turbid  serum,  mixed  with  shreds  of 
coagulated  exudation,  or  the  fluid  may  assiune  the  form  of  thin  pus.  It  is 
usually  very  offensive,  and  is  excessively^dangerous  if  inoculated,  giA'ing  rise 
to  the  most  dangerous  forms  of  dissecting-wound.  Gas  from  the  intestines  is 
also  frequently  met  with  in  the  al)dominal  cavity. 

The  sf/mpfoms  in  these  cases  are  pain  and  tenderness,  at  first  most  marked  in 
the  neighbourhood  of  the  injury,  but  gradually  extending  to  the  whole  abdomen, 
and  aggravated  by  occasional  stabbing  pains.  This  is  followed  by  tympanitic 
distension  of  the  abdomen,  from  paralysis  of  the  muscular  coat  of  the  gut,  and 
also  in  some  cases  partly  from  the  escape  of  flatus  into  the  peritoneal  cavity. 
The  patient  suffers  great  distress  ;  he  lies  on  his  back  with  his  knees  drawn 
up  to  relax  the  abdominal  muscles,  and  the  slightest  pressure  causes  intense 
agony.  Occasionally,  respiration  is  seriously  interfered  with  by  the  tension  of 
the  abdomen.  Vomiting  is  an  early  symptom  ;  the  contents  of  the  stomach 
are  brought  up  without  straining,  seeming  to  pump  out  almost  without  effort. 
As  the  effusion  increases,  there  will  be  dulness  in  the  flanks,  shifting  its  position 
as  the  patient  is  moved,  and  tympanitic  resonance  in  front.  As  the  case 
advances,  the  vomited  matter  becomes  dark  fi-ora  admixture  of  blood  from 
the  congested  mucous  membrane.  Hiccup  may  form  a  troublesome  symptom. 
The  pulse  is  at  first  small,  quick,  and  hard,  often  assuming  a  wiry,  incompres- 
sible character.  The  temperature  is  at  first  high,  reaching  often  103°  or 
104°  Fahr.  ;  but  in  septic  cases  it  usually  falls  rapidly  before  death,  and 
may  even  become  subnormal.  There  is  great  anxiety  of  countenance,  and 
before  death  the  extremities  become  cold,  and  the  patient  dies  with  the  signs 
of  collapse.  This  diffuse  traumatic  peritonitis  will  set  in  and  run  its  course 
with  great  rapidity.  In  a  case  in  University  College  Hospital  already  alluded 
to,  of  bullet-wound  of  the  abdomen,  the  patient  lived  twenty-four  hours.  Two 
or  three  pints  of  serous  effusion  with  much  puriform  fluid  were  found  ;  and 
great  reddening  of  the  whole  of  the  visceral  and  much  of  the  parietal  peri- 
toneum had  ensued.  In  another  case  of  rupture  of  the  ileum,  the  consecutiv  e 
peritonitis  proved  fatal  in  about  thirty  hours  after  the  accident.  This  extreme 
rapidity  in  its  course  and  fatal  termination,  is  due  to  the  rapid  absorption  of 
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the  uiiliealthy  inflammatory  products,  in  septic  cases  aggravated  by  the 
presence  of  the  products  of  putrefaction  ;  in  tact  many  of  these  cases  form  the 
most  marked  instances  of  this  form  of  blood-poisoning.  The  rapidity  of  the 
fatal  termination  is  due  to  the  great  extent  of  the  absorbing  surface,  and  the 
large  dose  of  the  poison  that  is  thus  taken  up  in  a  very  short  time. 

Prognosis  of  Penetmfinfj  Wounds  of  the  AMomm. — Penetrating  wounds  of 
the  abdomen  are  amongst  the  most  fatal  of  all  injuries.  In  the  reports 
of  the  American  Civil  War,  thirteen  cases  of  punctured  or  incised  wounds 
without  injury  to  viscera  are  recorded,  with  nine  recoveries,  and  nineteen 
similar  injuries  from  gunshot,  with  twelve  recoveries.  Of  fourteen  recorded 
cases  of  punctured  or  incised  wounds  with  visceral  lesion  only  two  recovered. 
The  recorded  cases  of  gunshot- wound  with  visceral  injuries  amounted  to 
8,771,  and  of  these  only  421  recovered,  and  in  242  the  result  was  unkno^vn. 
In  the  great  majority  of  these  cases  the  exact  visceral  injury  was  not  recorded. 
In  seventy-nine  the  stomach  was  wounded,  and  of  these  nineteen  recovered. 
In  608  the  intestines  were  wounded,  and  of  these  ILS  recovered  ;  but  the  exact 
part  of  the  gut  is  not  specified  in  a  large  proportion  of  these  cases.  Otis, 
however,  states  that  he  has  been  unable  to  find  a  single  incontestable  case  of 
bullet-wound  of  the  small  intestine  in  which  recovery  took  place.  On  the 
other  hand,  there  are  good  records  of  at  least  fifty-nine  cases  of  wound  of  the 
great  intestine,  which  terminated  favourably,  usually  with  a  temporary 
establishment  of  a  fiecal  fistula.  The  liver  Avas  wounded  in  173  cases,  of 
which  sixty-two  recovered.  Injuries  of  the  spleen  were  more  fatal,  only  two 
recovering  out  of  twenty-nine  cases.  In  seventy-eight  cases  the  kidney  was 
wounded,  and  of  these  twenty-six  recovered.  Of  the  2,590  cases  in  which  the 
lesion  was  not  specified,  only  18(3  are  reported  as  having  recovered.  It  is 
evident,  therefore,  that  the  records  of  the  cases  in  which  the  exact  injury  is 
specified,  give  much  too  high  a  proportion  of  recoveries,  the  mere  fact  of  the 
patient's  surviving  having  led  to  a  more  detailed  account  of  the  injury  being 
preserved. 

Treatment. — In  the  treatment  of  penetrating  wounds  of  the  abdomen,  we 
must  consider  first  the  management  of  the  injured  parts,  and  afterwards  that 
of  the  consecutive  peritonitis. 

If  the  wound  have  not  implicated  any  of  the  abdominal  viscera,  it 

must  be  carefully  cleaned  with  a  sponge  moistened  with  an  antiseptic  solution, 
care  being  taken  not  to  allow  any  considerable  quantity  of  the  solution  to  enter 
the  abdominal  cavity.  It  must  then  be  closed  by  deep  and  superficial  sutures, 
the  former  should  be  of  thick  carbolized  silk,  including  the  whole  thickness 
of  the  abdominal  wall.  The  patient  must  be  placed  in  such  a  position  as 
to  relax  the  muscles  of  the  alxlomen.  Some  form  of  antiseptic  dressing  should 
then  be  applied,  and  the  whole  may  be  supported  by  a  broad  strip  of  plaster 
or  a  bandage.  If  the  Avound  be  of  great  size  the  abdominal  cavity  must  be 
cleaned,  all  clots  of  blood  being  carefully  remjoved  with  carbolized  sponges, 
squeezed  very  dry.  When  antiseptics  are  not  at  hand,  it  is  better  to  apply 
silver  stitches  lest  the  silk  should  absorb  septic  matter  and  become  irritating. 
The  wound  may  then  be  covered  with  oiled  lint,  or  some  dry  absorbent 
dressing.  The  patient  should  have  a  full  dose  of  opium  ;  about  two  grains  of 
the  solid  opium  or  a  hypodermic  injection  of  the  third  of  a  grain  of  morphia,  after 
which  the  eflfecfc  must  be  kept  up  by  doses  of  half  that  amount,  repeated  cveiy 
four  or  six  hours.    The  patient  must  be  kept  perfectly  quiet  in  bed,  and  no 
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nourishment  given  Imt  iced  milk,  or  milk  and  soda-water,  and  some  cold 
beef-tea  or  essence  of  meat,  during  the  first  three  days.  The  bowels  should 
not  be  opened  by  aperient  medicine,  lest  abdominal  irritation  be  set  up,  but 
oleaginous  enemata  may  be  administered  at  the  end  of  a  week  or  ten  days. 

If  the  intestine  be  wounded  but  not  protruding,  the  treatment  will 
depend  somewhat  upon  the  nature  and  situation  of  the  wound.  If,  as  in  punc- 
tured wounds  and  most  bullet-wounds,  we  merely  infer  from  the  direction  of  the 
wound  that  the  gut  is  injured  it  would  hardly  be  justifiable  to  open  up  the 
Avound  in  order  to  ascertain  the  extent  of  the  injury.  In  such  cases  we  must 
endeavour  to  limit  the  peritonitis  that  will  ensue,  and  also  to  prevent  feculent 
extravasation.  The  patient  should  be  laid  on  the  injured  side  with  the  wound 
dependent,  so  as  to  allow  the  fieces  to  escape  through  it,  if  disposed  to  do  so. 
If  the  injury  be  about  the  umbilicus,  he  must  lie  upon  his  back  with  the  knees 
drawn  up  and  bent  over  a  pillow.  The  skin  round  the  wound  may  then  be 
cleansed,  and  an  absorbent  antiseptic  dressing  applied.  Opium  must  then  be 
administered  in  the  full  doses  already  indicated,  so  that  the  system  may  be 
kept  well  under  its  influence.  In  these  cases  it  is  of  the  greatest  utility  in 
preventing  extravasation  of  fajces,  by  arresting  the  peristaltic  movement  of 
the  intestine,  and  thus  keeping  it  from  change  of  position.  This  arrest  of  the 
intestinal  movements  tends  greatly  also  to  the  closure  of  the  wound.  Travers 
has  shown  experimentally,  aud  his  investigations  have  been  confirmed  by 
subsequent  observations  on  the  human  subject,  that  wounds  of  the  intestines 
are  closed  by  lymph  that  is  thrown  out,  not  only  from  the  contiguous  peritoneal 
surfaces  of  the  part  actually  injured,  but  fi'om  that  of  neighbouring  coils  ;  so 
that  the  ajDerture  in  the  gut  becomes  permanently  glued  and  attached  to  the 
structures  in  its  vicinity.  In  order  that  this  process  should  take  place,  it  is 
necessarily  of  importance  that  the  movements  of  the  bowels  be  paralysed  ;  and 
it  is  a  beautiful  provision  of  nature  that  the  very  inflammation  which  closes 
the  wound,  arrests  that  peristaltic  action,  the  continuance  of  which  would 
interfere  with  its  agglutination  to,  and  closure  by,  the  neighbouring  parts. 
Until,  therefore,  the  necessary  degree  of  inflammation  to  elfect  this  is  set  up, 
the  intestinal  movements  must  be  arrested  by  opium. 

If  the  symptoms  of  extravasation  of  feculent  matter  into  the  abdomen  pre- 
sent themselves,  an  attempt  must  be  made  to  facilitate  its  escape  externally. 
The  di'essing  must  be  removed,  and,  should  the  lips  of  the  wound  have  already 
become  adherent  to  one  another,  they  may  be  carefully  separated  with  a  probe. 
Should  an  immediate  escape  of  feculent  matter  take  place,  a  drainage-tube 
should  be  inserted  to  ensure  a  ready  exit  for  the  discharges. 

In  cases  in  which  no  doubt  exists  as  to  the  intestine  being  wounded,  either 
from  the  extent  and  nature  of  the  wound,  or  from  the  appearance  of  the  con- 
tents of  the  gut  externally,  it  becomes  a  question  whether,  considering  the 
hopeless  nature  of  the  case  if  left  to  itself,  the  wound  should  not  be  enlarged, 
the  injured  gut  drawn  out  of  the  abdomen,  and  the  hole  in  it  closed  by  sutures. 
The  opinions  of  Surgeons  on  this  point  are  somewhat  divided,  and  there  is  but 
little  actual  experience  to  guide  us.  The  opinion  expressed  by  Gross  would 
probably  meet  with  general  acceptance,  that  in  the  case  of  incised  wounds 
with  evident  wound  of  the  intestine,  "  the  duty  of  the  Surgeon  is  to  enlarge 
the  abdominal  orifice,  to  seek  for  the  wounded  tube  and  to  sew  up  the  cut " 
"  In  gunshot  wounds  no  benefit  would  be  likely  to  accrue  from  such  a  course  of 
treatment,  as  the  bowel  is  generally  pierced  in  a  number  of  places,  and  the 
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case,  oil  this  account,  must,  therefore,  generally  be  fatal."  Otis,  the  Editor  of 
the  "  Surgical  History  of  the  American  War,"  is  strongly  in  fovour  of  attempt- 
ing in  favourable  eases  to  find  the  wound  and  sew  it  up.  In  cases  in  which 
there  is  reason  to  believe  that  the  wound  is  in  a  part  of  the  great  intestine  un- 
covered by  peritoneum,  operative  interference  is  certainly  not  to  be  recom- 
mended. 

A\  hen  a  portion  of  intestine  or  of  omentum  has  protruded,  it  should 
be  carefully  cleaned  with  an  antiseptic  lotion  and  replaced  as  speedily  as  possible, 
before  strangulation  has  occuiTcd,  which  may  occasion  gangrene.  Experience 
has  shown  that  carbolic-acid-lotion  (1  in  40)  or  dilute' tincture  of  iodine 
<5ij  to  Oj)  exerts  no  injurious  influence  on  the  bowel.  In  replacing  the  pro- 
truded gut,  the  abdominal  muscles  should  be  reUixed  by  bending  the  thighs 
upon  the  abdomen,  when  the  Surgeon  may  gradually  push  back  the  protrusion 
by  steady  pressure  upon  it  ;  he  must  not,  ho^ve^•er,  em])loy  any  foi'ce,  nor  any 
rough  handling  of  the  exposed  and  delicate  parts  ;  but  if  their  l  eturn  cannot 
readily  be  effected,  owing  to  the  constriction  of  the  neck  of  the  protrusion,  the 
aperture  through  which  they  have  escaped  must  be  carefully  enlarged  in  a 
direction  upwards,  by  means  of  a  probe-pointed  bistoury,  or  a  hernia-knife 
guided  by  a  flat  director.  The  incision  necessary  to  enlarge  the  opening  suffi- 
ciently for  reduction,  need  not  exceed  half  an  inch  in  length.  In  replacing  the 
protruded  parts,  whether  by  the  aid  of  incision  or  not,  care  must  be  taken  that 
they  are  fairly  put  back  into  the  cavity  of  the  abdomen,  and  not  pushed  up 
into  the  sheath  of  the  rectus,  or  into  the  subserous  areolar  tissue  lying  before 
the  peritoneum  ;  an  accident  that  would  be  fatal  by  allowing  the  constriction 
of  the  neck  of  the  protrusion  to  continue  unrelieved.  In  effecting  the  return, 
the  Surgeon  should  not  push  his  finger  into  the  abdomen,  but  must  content 
himself  with  simply  replacing  the  protruded  gut  or  omentum,  and  allowing  it 
to  remain  in  the  immediate  neighbourhood  of  the  wound  in  the  abdominal 
wall,  to  which  it  will  contract  adlicsions  ;  and  through  which  its  contents 
may  escape,  in  the  event  of  any  sloughing  taking  place.  After  the  gut  has 
been  returned,  the  external  wound  must  be  closed  by  sutures,  as  in  a  case 
without  protrusion  of  the  viscera.  If  the  protrusion  be  inflamed,  it  must 
equally  be  replaced  without  delay  :  but  should  the  intestine  have  become 
gangrenous  from  continued  constriction  and  exposure,  no  attempt  at  reduction 
should  be  made,  but  an  incision  must  be  carried  through  it,  so  as  to  allow  the 
•escajDC  of  fajces,  and  the  formation  of  an  artificial  anus. 

If  any  difliculty  be  found  in  returning  a  mass  of  protruded  omentum  it  may 
be  ligatured  in  one  or  more  pieces  with  carbolized  catgut  or  silk,  and  cut  oft', 
after  which  the  stump  can  easily  be  passed  into  the  abdominal  cavity.  If  the 
protruded  omentum  be  gangTcnous,  it  must  be  excised  on  a  level  with  the 
peritoneum,  to  the  aperture  in  which  that  portion  lying  within  the  abdomen 
will  have  contracted  adhesions. 

If  the  intestine  that  protrudes  be  wounded,  the  treatment  of  the 
aperture  in  the  gut  will  call  for  special  attention  ;  and  Surgeons  have 
been  somewhat  divided  as  to  the  propriety  of  stitching  it  up.  Scarpa 
and  S.  Cooper  were  opposed  to  this  practice  on  the  ground  that  it  does  not 
prevent  cxtra\-asation,  and  that  the  stitches  produce  irritation  by  acting  as 
foreign  bodies.  They  proposed  to  return  the  wounded  gut,  taking  care,  how- 
ever, to  leave  the  aperture  in  it  to  correspond  with  that  in  the  abdominal  wall, 
so  that  an  artificial  anus  might  be  established  by  the  adliesion  of  the  edges  of 
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the  openings  to  one  another,  and  by  that  means  prevent  extravasation.  To 
this  practice  the  great  objection  exists,  that  extravasation  will  probably  occur 
before  there  has  been  time  for  the  effusion  of  lymph,  and  agglutination  of  the 
contiguous  surfoces  ;  besides  which,  it  is  impossible  to  secure  the  necessary 
corresp(nulence  between  the  two  apertures,  the  wounded  gut  being  very  liable 
to  alter  its  position  after  it  has  been  replaced.  It  has  been  found  by  experi- 
ence also  that  one  of  the  objections  urged  against  the  employment  of  a  suture — 
that  it  cannot  prevent  the  escape  of  feculent  matter — is  not  valid.  If  it  be 
properly  applied,  it  may  effectually  do  so,  as  was  shown  by  a  successful  case 
under  my  care,  the  details  of  which  were  published  in  the  La/icet  for  1851. 
That  the  stitches  act  as  sources  of  irritation  to  any  extent,  is  also  doubtful. 
Travers  found  by  experiment  that,  when  a  womided  gut  was  sewn  up,  and 
returned  into  the  abdomen,  the  sutures  quickly  became  bridged  or  coated  over 
with  a  thick  layer  of  lymph,  and,  gradually  ulcerating  their  way  inwards,  at 
last  dropped  into  the  cavity  of  the  intestine,  being  discharged  2)er  anum,  and 
lea^'ing  a  firm  cicatrix  at  the  point  to  which  they  had  been  applied.  For  these 
various  reasons,  Guthrie,  Travers,  and  other  Surgeons  of  experience,  advocated, 
the  practice  of  stitching  up  the  wound  in  a  pi-otruding  intestine  in  suitable 
cases,  with  which  opinion  I  entirely  agree.  The  treatment,  however,  must 
necessarily  v^iry  in  different  cases.  Much  must  depend  on  the  nature,  cause, 
and  extent  of  the  Avound  in  the  gut.  If  it  be  the  result  of  gunshot-violence 
or  other  contusing  force,  the  simple  application  of  a  suture  is  not  likely  to  be 
of  much  service  ;  for  not  only  might  it  be  difficult  to  bring  the  edges  together, 
but  they  Avould  probably  not  adhere  to  one  another,  nor  to  the  abdominal 
wall.  If,  however,  the  wound  be  punctured  or  incised  the  case  is  different. 
Much  will  depend  also  upon  the  way  in  which  the  stitches  are  applied,  and  the 
material  used. 

The  sutures  should  consist  of  carbolized  catgut  or  of  silkworm-gut,  such  as 
is  used  for  fishing,  or  of  strong  fine  sewing-silk  well  carbolized.  They 
nnist  be  introduced  by  means  of  a  fine  round  needle  in  such  a  way  that  the 
peritoneal  surfaces  on  each  side  of  the  womid  are  brought  into  contact.  It 
is  almost  needless  to  observe  that  unless  the  serous  surfaces  are  brousrht  into 
contact  no  union  wall  take  place.  Two  serous  surfaces  will  readily  unite  if 
brought  into  good  apposition,  but  no  union  can  possibly  take  place  between 
tW'O  nmcous  surfaces,  or  between  a  serous  and  a  mucous  surface.  Hence,  in 
stitching  up  the  wounded  gut,  the  Surgeon  must  carefully  see  that  the  serous 
surfaces  are  w-ell  and  firmly  brought  together,  and  need  not  trouble  himself 
about  the  other  coats  provided  they  are  kept  out  of  sight. 

With  the  view^  of  stitching  together  the  serous  surfaces,  much  ingenuity 
has  been  disjjlayed,  and  many  devices  have  been  practised.  The  mode  of 
application  most  frequently  adopted  in  the  present  day  is  that  recommended 
by  Lembert.  The  needle  is  introduced  about  a  quarter  of  an  inch  or  a 
little  more  from  the  wound,  and  made  to  penetrate  as  far  as  the  sub-mucous 
tissue  ;  it  is  then  brought  out  again  about  one-sixth  of  an  inch  from  the  edge 
of  the  cut  on  the  same  side  ;  on  the  opposite  side,  it  is  made  to  enter  one-sixth 
of  an  inch  from  the  edge  of  the  cut  and  brought  out  at  a  quarter  of  an  inch  from 
it  (Figs.  343,  344).  The  stitches  must  not  be  more  than  a  line  apart,  and  the 
whole  number  required  must  be  introduced  before  any  are  tightened.  When  i 
the  sutures  are  tightened  the  mucous  membrane  is  inverted,  and  the  serous  ' 
surfaces  are  brought  into  accurate  contact.    This  suture  is  easily  applied  in  i 
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the  stomach  or  large  intestine,  but  from  the  thinness  of  the  coats  of  the  small 
intestine  it  is  not  quite  so  easy  of  application  in  that  part.  If  there  is  any 
lifficulty  the  suture  may  be  applied  in  the  same  way,  but  may  be  made  to 
j.enetrate  the  whole  thickness  of  the  gut  on  each  side,  as  recommended  by 
•lobert  (Fig.  345).  The  only  objection  to  this  is,  that  the  stitches  are  apt  to 
become  irritating  by  absorbing  the  contents  of  the  intestine.  The  continuous 
suture  must  never  be  used,  as  should  one  stitch  happen  to  cut  out  the  whole 
would  become  loose.    When  the  lips  of  the  wound  have  been  brought  into 
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apposition,  the  ends  of  the  sutures  should  be  cut  short  close  to  the  knots.  If 
the  suture  be  of  prepared  catgut  it  will  gradually  he  absorbed  ;  if  it  be  of  carbo- 
lized  silk  it  is  possible,  that  it  may  become  gradually  absorbed,  unless  it  be 
applied  so  as  to  penetrate  the  mucous  membrane,  when  it  will  find  its  way 
into  the  gut  by  ulceration,  and  be  discharged 
from  the  bowel.  After  the  aperture  has  been 
closed  the  intestine  must  be  washed  in  lukewarm 
carbolized  water  and  reduced. 

Should  the  protruded  gut  be  completely  divided, 
the  two  ends  may  be  united  to  each  other  by  the 
suture  that  has  just  been  described.     Jobert  in 
1822  recommended  the  form  of  suture  illustrated 
in  the  accompanying  diagrams  (Figs.  346,  347). 
The  lower  end  of  the  gut  is  to  be  folded  in  on 
itself,  and  the  suture  inserted  as  in  Fig.  340  ;  on 
tightening  the  stitches  the  upper  end  is  invaginated 
into  the  lower,  as  in  Fig.  347.    The  chief  dif- 
ficulty in  this  method  arises  in  recent  cases  from  the  difficulty  in  clearly 
recognizing  which  is  the  upper  and  which  the  lower  end.    In  old  cases  in 
which  a  fiecal  fistula  has  existed,  the  lower  end  is  often  so  contracted  as  to 
render  the  method  impracticable. 

Should  the  protruded  gut  be  too  extensively  torn,  and  especially  if  it  be 
lacerated  by  gunshot-injury,  it  would  be  useless  to  attempt  merely  to  stitch  it 
up.  Three  courses  are  then  open  to  the  Surgeon.  First,  the  gut  may  be 
gently  reduced,  special  care  being  taken  not  to  push  the  wounded  coil  of 
intestine  far  into  the  abdomen,  but  to  leave  it  close  to  the  external  orifice,  so 
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]i:atial  division  of  tliu  gut. 
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that  a  ready  outlet  may  be  alfoi'dcd  to  any  fecal  extravasation  ;  this  method 
is  almost  inevitably  ftital.  Secondly,  the  coil  being  partially  reduced,  the 
edges  of  the  opening  in  the  gut  may  be  fixed  by  suture  to  the  margins  of  the 
external  wound  in  the  skin,  and  in  the  hopes  of  an  artificial  anus  being  formed, 
which  may  possibly  afterwards  be  closed,  either  by  the  contraction  of  the 
wound  or  by  operative  proceedings  at  a  later  period  ;  this  mode  of  treatment 
is  best  adapted  to  wounds  of  the  great  intestine.  Thirdly,  the  injured  part  of 
the  gut  may  be  cut  away,  and  the  case  treated  as  one  of  complete  division  of 
the  intestine.    The  amount  of  success  that  has  attended  the  removal  of  por- 
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tions  of  intestine  for  gangrene  in  strangulated  hernia,  for  adhesion  to  ab- 
dominal tumours,  and  for  malignant  growths  in  the  gut,  and  the  almost 
hopeless  nature  of  the  case  if  a  lacerated  coil  of  intestine  is  reduced  into  the 
al)dominal  cavity  justify  the  adoption  of  this  plan  in  favourable  cases. 

In  all  cases  in  which  the  gut  is  sutured,  the  wound  in  the  abdominal  wall 
must  be  closed,  as  in  cases  of  protrusion  of  uninjured  viscera.  Should  there 
be  any  fear  of  frecal  extra^-asation,  the  ^^•ound  may  be  left  open,  or,  if  exten- 
sive, partially  closed,  one  end  l)eing  left  open  to  allow  of  the  escape  of  the 
discharges. 

During  all  these  procedures,  it  is  wise  to  adopt  strict  antiseptic  precautions, 
for  in  no  cases  in  surgery  are  these  more  valuable  than  in  wounds  of  the  peri- 
toneum, unless  it  be  in  those  of  synovial  membranes. 

The  after-treatment  must  be  conducted  in  all  respects  on  the  same  principles 
as  in  the  case  of  an  intestine  wounded  without  protruding.  Care  must  be 
taken,  l)y  attention  to  the  position  of  the  patient,  and  by  the  free  administra- 
tion of  opium,  to  keep  the  l)owel  as  quiet  as  possible  near  the  external  opening  ; 
the  urine  should  be  drawn  off  twice  in  the  twenty-four  hours,  and  no  purgative 
whatever  administered,  lest,  by  the  excitation  of  peristaltic  action,  adhesion  be 
disturbed,  and  extravasation  take  place.  After  the  lapse  of  six  or  eight  davs 
an  enema  may  be  thrown  up,  and  repeated  fi'om  time  to  time.  No  food  should 
be  allowed  for  the  first  three  days,  during  Avhich  time  ice  and  barley-water 
should  be  freely  taken  ;  after  this,  beef-tea,  and  light  food  that  leaves  no  solid 
residue,  may  be  given.  It  is  of  great  importance  that  no  solid  food  should  be 
administered  for  at  least  two  or  three  weeks  after  the  occurrence  of  the  injurv. 
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111  a  case  of  knife-wound  of  the  intestine  which  was  umlcr  niy  care,  the  patient, 
Avho  was  progressing  very  favourably,  and  eventually  recovered,  nearly  lost  her 
life  by  eating  the  ])nlp  of  an  orange  on  the  tenth  day. 

Treatment  of  Traumatic  Peritonitis.— In  the  treatment  of  this  com- 
plication, we  nuist  be  guided  l)y  the  character  of  the  inflanunation.  If  the 
peritonitis  be  localized,  leeches  nuiy  be  abundantly  applied  over  the  tender 
part  of  the  abdomen,  followed  by  hot  fomentations,  and  opium  nmst  l)e  freely 
administered,  so  as  to  keep  the  patient  fully  under  the  influence  of  the  nar- 
cotic. Calomel  may  be  given  with  the  opium ;  a  pill,  composed  of  two  grains 
of  calomel  and  one  grain  of  opium,  may  be  administered  every  sixth  hour,  or 
oftener  if  the  patient  be  not  influenced  by  the  narcotic  ;  and  rigid  abstinence 
from  food  should  be  enforced,  ice  and  barley-water  alone  being  allowed. 

In  diffuse  peritonitis,  the  result  of  a  Avound  of  the  intestine,  the  calomel 
must  be  omitted,  but  opium  freely  given.  Should  it  be  apparently  due  to 
extravasation  of  fa3ces,  and  should  there  be  signs  of  gas  in  the  peritoneal 
i-a\'ity,  with  accumulation  of  fluid  in  the  flanks,  the  patient  will  certainly  die  if 
left  alone  ;  possibly  a  chance  of  life  might  be  given  by  opening  up  the  Avound 
and  inserting  a  large  drainage  tube.  Drainage  is  frequently  adopted  after  the 
operation  of  ovariotomy  with  good  effect,  and  there  is  no  reason  w'hy  it  should 
not  be  employed  in  proper  cases  after  a  wound  of  the  abdomen.  When  the 
peritonitis  occurs  in  an  old  or  feeble  subject,  our  principal  trust  must  be  in 
the  administration  of  opium  and  in  leeching  of  the  abdomen.  In  these  cases, 
however,  early  support  will  be  required,  with  perhaps  the  administration  of 
wine  or  stimulants.  The  inflammatory  extravasation  Avill  gradually  be  ab- 
sorbed as  the  peritonitis  subsides. 

INJURIES    OF    THE    PELVIC  VISCERA. 

Bladder. — Rupture  of  the  Bladder,  from  blows  upon  the  abdomen,  is 
not  of  very  unfrequent  occuiTence.  It  can  scarcely  happen  Avhen  the  organ  is 
empty,  as  it  then  sinks  down  under  cover  of  the  pelvic  bones.  But  when  the 
bladder  is  distended,  rising  above  the  pubes,  and  thinned  proportionately  to 
its  distension,  it  may  very  readily  be  ruptured,  even  by  slight  degrees  of 
external  violence,  as  by  one  man  rolling  over  another  in  a  drunken  scuffle,  or 
by  a  person  running  against  a  post,  or  falling  out  of  bed. 

When  the  bladder  is  ruptured  by  a  blow  on  the  abdominal  wall,  the  rent 
takes  place  always  through  that  portion  of  the  viscus  which  is  coA'cred  by 
peritoneum.  Hence  there  is  always  extravasation  of  urine  and  blood  into  that 
serous  caA'ity.  When  the  bladder  is  wounded  by  gun-shot  or  other  injury, 
such  as  by  falling  on  a  spike,  Avhich  penetrates  the  perineum  or  rectum,  or  by 
a  splinter  of  a  fractured  pelvis,  those  anterior  and  inferior  parts  of  the  organ 
Avhich  lie  outside  the  peritoneum  may  be  penetrated,  and  thus  the  imminent 
peril  of  intra-pcritoneal  extraA'asation  may  not  occur.  In  any  case  the  shock 
following  rupture  of  the  bladder  is  great ;  Imt  the  secondary  consequences  will 
of  course  depend  on  the  situation  of  the  rupture  or  Avound.  If  the  laceration 
haA-e  occurred  in  those  portions  of  the  viscus  that  are  invested  by  peritoneum, 
the  urine  will  at  once  escape  into  the  pelvic  and  abdominal  cavities,  and 
speedily  occasion  death  by  causing  intense  inflammation.  If,  on  the  other 
hand,  that  jiortion  of  the  organ  has  been  rupturcfl  which  is  uncovered  by 
the  peritoneum,  the  urine  may  infiltrate  the  areolar  tissue  between  this 
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membrane  and  the  abdominal  Avail,  and,  diffusiu<^  widely,  produce  destructive 
sloughing  of  the  tissues  amongst  which  it  spreads.  In  these  cases  life  may  ho, 
prolonged  for  some  days,  when  the  patient  commonly  sinks  from  aljsorption 
of  septic  matter  from  the  gangrenous  tissues. 

The  danger  of  a  wound  of  the  bladder  is  due  to  the  cfFusio]i  of  continually 
increasing  quantities  of  urine.  It  is  in  exact  proportion  to  the  difficulty  tliat 
the  extravasated  urine  lias  in  finding  an  exit.  Hence  an  open  wound  of  the 
bladder  is  by  ]io  means  so  dangerous  as  a  subcutaneous  rupture.  Many 
patients  have  recovered  whose  bladders  have  been  perforated  and  traversed  by 
bullets,  for  the  urine  finds  a  free  exit  through  the  apertures,  and  consequently 
does  not  tend  to  extra\'asate.  Guthrie  relates  scA'cral  cases  of  this  kind  ; 
and  Thomson  saw  fourteen  cases  after  the  battle  of  Waterloo,  in  a  fair  way  of 
recovery.  In  the  American  War,  out  of  one  hundred  and  eighty-three  re- 
ported cases  of  gunshot-wound  of  the  bladder,  eighty-seven  jDatients  survived, 
"  though  a  large  majority  suftcred  from  grave  disabilities,  and  many  from  dis- 
tressing infirmities,  which  resulted  fatally  in  a  few  cases  after  years  of  suffer- 
ing." Thus,  although  we  may  look  upon  this  accident  as  of  the  gravest 
character,  yet  it  is  by  no  means  necessarily  fatal. 

Si/nqjfoms. — The  situation  of  the  injury  in  the  hypogastric  regioji,  tlie  super- 
vention of  collapse  followed  by  intense  burning  pain  in  the  abdomen  and 
pelvis,  with  inability  to  pass  urine,  or,  if  any  have  escaped  from  the  urethra, 
its  being  tinged  with  blood,  are  usually  sufficient  to  point  to  the  nature  of  the 
accident.  If,  in  addition,  it  be  found  on  introducing  a  catheter  that  the 
bladder  is  contracted  and  empty,  or  that  but  a  small  quantity  of  bloody  urine 
escapes,  not  in  a  uniform  stream,  but  rising  and  falling  with  the  movements . 
of  the  abdominal  nmscles,  the  Surgeon  may  be  sure  that  this  organ  has  been 
ruptured.  In  the  case  of  gunshot-injury,  the  escape  of  urine  Avhich  generally 
takes  place  through  the  track  of  the  bullet  will  afford  incontestable  evidence  of 
the  mischief  that  has  been  produced. 

When  the  bladder  is  ruptured  through  that  portion  which  is  covered  by 
peritoneum,  the  urine  escapes  into  the  abdominal  or  pelvic  cavity;  there,  hoAV-- 
ever,  it  does  not  at  first  diffuse  very  widely — remaining,  under  the  influence- 
of  gravity,  chiefly  in  the  pelvic  cavity,  with  the  small  intestines  floating; 
above  it.    This  localized  extravasation  may  be  emptied  by  the  catheter- 
through  the  rent  in  the  bladder,  hence  the  escape  of  urine  is  not  imcomjiatible 
with  rupture  of  the  bladder.    This  important  practical  point  is  well  illustrated! 
by  the  following  case.    A  man  was  admitted  into  the  hospital  under  my  care,, 
who  had  sustained  rupture  of  the  upper  and  posterior  wall  of  the  bladder  by 
fiiUing  down  stairs  ;  when  admitted  he  was  profoundly  collapsed  and  semi- 
unconscious.    The  abdomen  was  swollen,  tender,  tympanitic  in  front,  dull  in 
the  flanks.    On  passing  a  catheter  the  bladder  was  fomid  to  be  emjity  and 
contracted  ;  but  with  a  little  gentle  manipulation  the  point  of  the  instrument 
could  be  passed  through  the  laceration  in  the  posterior  wall  of  the  bladder, 
and  a  large  quantity  of  clear  urine  was  drawn  off.    For  two  days  the  patient 
seemed  to  be  doing  Avell.    The  catheter  was  taken  out  to  be  cleaned,  could 
not  be  introduced  afterwards,  little  urine  escaped,  and  the  patient  died  of  pcj-i- 
tonitis.    In  another  case  under  my  care,  the  patient  lived  ten  days,  the 
bladder  being  kept  drained. 

When  the  bladder  is  ruptured  through  its  peritoneal  coat,  the  first  and  most 
important  point  in  the  treatment  consists  in  drainage  of  the  organ,  so  as  to 
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]>i-event  the  cojitiuuod  effusion  of  urine  and  its  consequences.  The  drainage 
is  best  effected  by  the  introduction  of  a  full-sized  soft  catheter,  which  must  be 
retained  and  left  open.  Full  doses  of  opium,  as  in  all  other  abdominal  lesions, 
should  then  be  given,  and  the  patient  kept  on  low  diet, — cases  have  in  this 
way  recovered,— or,  in  addition  to  this,  the  peritoneum  may  be  injected  through 
the  catheter  and  washed  out  with  carbulized  water,  as  has  been  done  success- 
fully by  Thorp.  In  one  case,  Walter  saved  his  patient  by  making  an  abdominal 
section  to  allow  of  the  escape  of  the  extravasated  urine.  Willett  and  Heath 
have  gone  a  step  further  by  stitching  up  the  rent  in  the  bladder  antiseptically, 
but  without  success.  Erskine  Mason  cured  a  patient  by  lateral  perineal  cys- 
totomy ;  and  this  operation  would  be  especially  indicated  in  those  cases  in 
which  the  bladder  was  wounded  below  the  peritoneum. 

Upon  a  review  of  the  various  methods  of  treatment  that  have  been  adopted, 
it  appears  to  me  that  in  the  case  of  rupture  of  the  bladder  the  wisest  plan  would 
be  to  drain  by  means  of  a  large  soft  catheter,  through  which  the  peritoneum 
may  be  washed  out  antiseptically.  Should  this  not  be  practicable  through  the 
urethra,  then  lateral  jjerineal  c^'stotomy  should  be  done,  with  the  double  efiect 
of  securing  perfect  drainage  and  enabling  the  Surgeon  to  wash  out  freely.  In 
all  cases  of  sub-peritoneal  wounds,  free  drainage  through  the  apertures  should 
be  practised.  If  they  arc  blocked,  then  cystotomy  must  be  done.  The  con- 
stitutional treatment  must  be  conducted  on  the  ordinary  principles  that  guide 
the  Surgeon  in  all  abdominal  wounds. 

Foreign  Bodies,  such  as  pieces  of  catheters,  tobacco-pipes,  pencils,  &c.,  are 
occasionally  met  with  in  the  male  urinary  organs,  having  been  introduced 
through  the  urethra.  In  some  cases  they  are  soon  spontaneously  expelled. 
If  left  in  the  bladder  they  become  encrusted  vrith  phosphates,  and  thus  often 
become  the  nuclei  of  large  and  iiTcgularly-shapcd  calculi ;  hence  it  is  absolutely 
necessary  to  remove  them  speedily.  This  may  occasionally  be  done  by  fortu- 
nately seizing  the  foreign  body  with  a  small  lithotrite  or  urethral  forceps  at 
one  end,  and  withdrawing  it  in  the  direction  of  its  long  axis.  But  if  this 
procedure  be  unsuccessful,  it  must  be  cut  out.  This  is  more  safely  done  by 
the  median  than  by  the  lateral  operation  of  cystotomy. 

Bullets,  pieces  of  clothing,  &c.,  are  occasionally  lodged  in  the  bladder  in  gun- 
shot-wounds of  that  organ.  These  speedily  become  incrusted  with  phosphatic 
deposits,  and,  giving  rise  to  the  symptoms  of  stone  in  the  bladder,  require  to 
be  removed  by  cystotomy,  an  operation  that  has  proved  very  successful  in 
these  cases,  evidently  in  consequence  of  the  healthy  condition  of  the  urinary 
or"-ans.  Dixon  has  collected  from  various  works  the  details  of  fifteen  cases, 
in  which  balls,  that  had  either  primarily  entered  the  bladder,  or  had  found 
their  way  into  this  organ  by  abscess  or  ulceration  after  having  been  lodged 
in  the  neighbourhood,  were  extracted  by  operation.  In  ten  of  these  cases 
the  result  was  successful ;  in  the  remaining  fi^■e  no  record  is  made  of  the 
termination.  In  the  Surgical  History  of  the  American  War,  twenty-one 
cases  are  recorded  in  which  lithotomy  was  performed  for  the  extraction  of 
foreign  bodies,  or  traumatic  calculi.  Of  these  three  died,  the  result  in  one 
case  is  unknown,  and  the  rest  recovered.  In  thirteen  cases  the  missile  itself 
.  was  removed  from  the  bladder ;  in  three,  a  splinter  of  bone  formed  the 
.  nucleus  ;  in  one  the  stone  had  formed  round  a  piece  of  cloth,  and  in  another 
I  on  a  curl  of  hair  fi-om  the  pubes  ;  in  the  remaining  cases  soft  organic  matter 
of  doubtful  nature  formed  the  nucleus. 
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Arrow-lieacTs  also  liave  been  mot  with  in  the  l^ladder.  There  is,  in  tlie  Army 
]\Iedical  ilnseum  at  Wasliington,  a  remarka.l)le  specimen  of  an  Indian  arrow- 
head which  formed  the  nucleus  of  a  large  phosphatic  calculus. 

In  the  female  also,  various  foreign  bodies  arc  occasionally  passed  up  the 
urethra,  and  slipping  from  the  fingers  are  lost  in  the  bladder.  Hair-pins, 
bougies,  pencils,  pen-holders,  and  a  ^-ast  variety  of  similar  objects  have  here 
been  met  with.  As  a  rule,  they  may  easily  be  extracted  through  the  urethra, 
which  should  be  expanded  by  a  proper  dilator. 

Rupture  of  the  Uiieter.— >Stanleyhas  related  a  remarkable  case  in  which 
the  Ureter  was  ruptured  by  external  Aiolence,  and  in  which  the  patient  rc- 
<;'overed  ;  a  very  large  accumulation  of  fluid  forming  on  the  injured  side  of 
the  abdomen,  with  considerable  circumscribed  tumefaction  and  fluctuation, 
and  which  required  repeated  tapping.  In  another  case,  in  which  the  Pelvis 
of  the  Kidney  was  rui)tured,  a  similar  collection  of  urine  took  place  within 
tlic  a])domen,  requiring  tapping  ;  as  much  as  six  ])iuts  being  removed  at  one 
sitting.  On  examination  after  death,  which  occurred  in  the  tenth  week  from 
the  accident,  a  large  cyst  was  found  behind  the  peritoneum,  communicating 
"with  the  pelvis  of  the  kidney. 

AYouNDS  OF  THE  Orgaxs  OF  Gexeratiox  in  the  male  may  be  accidental, 
occasioned  by  sharp  instruments  or  gun-shot,  or  may  be  self-inflicted.  When 
involving  only  the  integuments,  they  present  nothing  peculiar  and  do  not 
differ  from  similar  wounds  in  other  situations,  except  in  the  great  reparative 
power  that  the  scrotal  and  penile  coverings  possess.  Even  when  the  whole  of 
the  skin  of  the  part  has  been  cut  or  torn  away,  the  organ  is  speedily  recovered. 
In  one  curious  case  under  my  care,  in  which  a  jeal<ms  wife  had  unsuccessfully 
attempted  to  cutoff  her  husband's  penis  with  a  carAing-kuife,  the  organ,  which 
had  had  the  whole  of  its  integuments  torn  off  from  the  root  forwards,  quickly 
became  covered  with  a  new  integument,  which  speedily  assumed  the  soft  and 
sujiple  character  natural  to  the  skin  of  these  parts. 

AVhcn  the  penis  is  more  deeply  wounded,  there  are  two  special  sources  of 
danger,  viz.,  htemorrhage,  and  wound  of  tbe  urethra.  The  htemorrhagc  is 
usually  very  profuse.  If  it  proceed  from  a  distinct  arterial  trunk,  such  as  the 
dorsal  artery  or  that  of  a  corpus  cavernosum,  the  vessel  must  be  ligatured.  1 1 
it  occur  from  general  oozing  from  the  vascular  tissues  of  the  penis,  it  may  In 
arrested  by  cold,  pressure,  or  astringents.  Pressure  is  best  applied  by  passing 
a  large  catheter  into  the  Idadder,  and  then  compressing  the  organ  against  thi.- 
by  means  of  a  narrow  bandage  or  circular  strip  of  ])laster. 

Injury  of  the  genital  organs  by  self-mutilation  is  occasionally  met  with  in 
cases  of  sexual  mania  or  melancholia.  In  some  cases  the  patient  has  cut  oil' 
one  testis;  in  others,  the  penis;  in  others,  again,  the  whole  of  the  external 
sexual  organs.  Injuries  such  as  these  present  no  A  ery  special  character,  and 
require  to  be  treated  on  ordinary  principles,  the  great  point  being  of  course 
to  restrain  the  ha3morrhagc  and  to  prevent  contraction  of  the  urethral  orifice. 

Urethra. — Wounds  of  the  Urethra  by  gunshot-injury,  or  sharp  instru- 
ments, is  a  troublesome  accident,  on  account  of  the  liability  to  the  infiltration 
of  urine  and  ultimately  to  fistula.  It  may  be  recognized  by  the  escape  of 
blood  from  the  meatus,  and  of  urine  from  the  wound.  The  7'reatmcnt  consists 
in  the  introduction  of  a  gum-catheter,  which  should  be  tied  in ;  and  if  the 
edges  of  the  wound  ha  clean  cut,  they  may  be  brought  together  by  inteiTupted 
sutures.    The  catheter  should  not  be  kept  in  longer  than  is  necessary.    After  r 
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the  lirst  week,  the  i)atient  can  in  many  cases  be  tanght  to  pass  a  soft 
instrniuent  tor  himself  whenever  he  desires  to  pass  water. 

Laceration  of  the  Urethra  is  immediately  attended  by  most  serious 
symptoms,  and  remotely  followed  by  most  disastrous  conse(]uenees.  It  very 
frequently  occurs  in  men  employed  in  building,  from  slipping  in  walking  across 
an  unfinished  floor,  in  such  a  way  as  to  fall  heavily  astride  ui)»»ii  one  of  the 
joists.  T  have  seen  it  in  a  farrier,  kicked  in  the  perinieum  whilst  shoeing  a 
horse;  and  it  is  not  unconmionly  met  with  as  a  consequence  of  injury  by  a 
fragment  of  bone  in  fracture  of  the  rami  of  the  pubis  and  ischium. 

In  all  forms  of  the  accident  it  is  almost  invariably  the  membranous  part  of 
the  urethra  that  suffers.  In  a  violent  blow  in  the  perina3um  the  urethra  is 
forcibly  driven  upwards,  and  crushed  against  the  pubic  arch.  Wlien  the 
laceration  occurs  from  a  fragment  of  bone  in  a  fracture,  it  is  usually  in  those 
cases  in  which  the  pelvis  is  forcibly  compressed,  and  gives  way  both  behind 
and  in  front  (Fig.  22'\).  The  outer  fragment  is  driven  across  the  middle 
line  in  the  perina;um,  aiul  thus  tears  the  urethra.  In  both  these  accidents 
the  antci-ior  layer  of  the  triangular  ligament  is  torn ;  it  is  imp<issible  that  the 
membranous  part  of  the  urethra  could  be  lacerated  by  a  blow  in  the  perinajum 
while  it  remained  intact ;  and  in  the  fracture  it  is  torn  at  its  attachment  to 
the  pubic  arch  ;  consequently  if  urine  escapes  from  the  urethra  it  readily  finds 
its  way  into  the  loose  areolar  tissue  ])eneath  the  deep  layer  of  the  superficial 
fascia. 

In  these  injuries  the  integuments  are  usually  untorn,  but  deeply  ecchymosed. 
The  extravasation  of  l)lood  is  often  consickTable,  extending  into  the  scrotum, 
which  rapidly  swells  up  and  becomes  black.  It  may,  indeed,  be  very  serious, 
arising  in  some  cases  li'om  the  lacerated  structures  and  the  torn  superficial 
or  transverse  arteries  of  the  perinajum  :  in  other  instances  from  the  corpus 
spongiosum,  the  bulb,  or  the  artery  of  the  bulb.  In  all  cases  of  lacerated 
urethra,  blood  Avill  drip  from  the  orifice ;  and,  if  the  bulb  and  its  arteries  have 
been  torn,  the  hfemorrhage  from  these  may  be  very  great,  a  pint  or  more  of 
blood  being  thus  rapidly  lost,  in  addition  to  great  accumulations  m  the 
periiu\ium  and  scrotum,  distending  these  parts  with  coagula. 

In  consequence  of  the  interruption  in  the  continuity  of  the  canal  and 
the  compression  or  plugging  of  the  torn  part  by  coagula  of  extravasated 
blood,  the  urine  (;annot  l)e  voided  and  the  bladder  gradually  fills.  If  the 
patient  attempt  to  enqity  it,  only  a  few  drops  will  issue  from  the  urethral 
orifice  ;  but  he  will  be  seized  with  severe  burning,  smarting  i)ain  in  the 
perini\3um,  and  the  ultimate  evils  of  the  injury  will  be  greatly  aggravated,  for, 
whercN  cr  the  urine  penetrates,  sloughing  of  areolar  tissue  will  in^•ariably  and 
rapidly  ensue.  Thei'c  is  this  great  difference  between  extravasation  of  urine 
from  i-uptured  bladder  and  from  lacerated  urethra  :  in  the  first  case  the  urine 
escapes  involuntarily  from  the  injured  organ  ;  in  the  second  instance,  no  urine 
vnW  escape  from  the  torn  urethra,  uidess  by  a  voluntary  ex]mlsive  effoi-t  on  the 

1  part  of  the  patient.    The  sufferings  of  the  patient  are  speedily  increased  by 

!  retention  of  urine  and  the  distress  occasioned  by  distension  of  the  bladder  ; 
and  the  ]iecessity  for  relief  thus  becomes  urgent,  lest  by  an  involuntary 

1  spasmodic  effort  the  urine  be  pumped  widely  into  the  already  broken  down 

•  areolar  tissue  of  the  perin^eum  and  scrotum. 

The  pathology  and  sym])toms  of  extravasation  of  urine  are  fully  described  in. 
the  Chai)ter  on  Stricture  of  the  Urethra.    (See  Vol.  II.) 
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The  ultimate  results  of  a  lacerated  urethra  are  no  less  serious  than  the 
immediate  effects.  If  the  floor  only  of  the  urethra  have  l)een  lacerated, 
leaving  the  uj^per  part  of  the  wall  of  the  canal  intact,  the  continuity  of  the 
urethra  Avill  not  he  lost,  but  a  permanent  traumatic  stricture  of  the  worst  kind 
will  ensue.  If  the  urethra  ha\'e  been  completely  torn  across,  or  slough  as  a 
result  of  the  injury,  obliteration  of  a  portion  of  the  canal  may  take  place,  and 
an  incurable  urinary  fistula  will  be  left  in  the  perina3um. 

The  Trmimmt  consists  in  the  early  introduction  of  a  catheter  into  the 
bladder.  If  this  can  be  done  hefore  the  patient  has  made  an  attempt  to  pass 
his  urine,  much  of  the  immediate  danger  of  the  case  may  be  averted,  by  the 
prevention  of  urinary  infiltration.  The  catheter,  which  should  l)e  an  elastic 
one,  must  not  be  too  small ;  as  a  rule.  No.  8,  English  scale,  will  be  found  the 
most  convenient  size.  A  catheter  coude  will  usually  pass  more  readily,  as  the 
point  is  kept  towards  the  roof  of  the  canal  which  usually  is  uninjured.  If 
this  do  not  enter  readily,  an  English  gum-elastic  catheter  on  a  stylette  bent  to 
a  proper  form,  various  angles  and  curves  being  tried  one  after  another,  Avill 
often  be  successfully  passed.  No  force  must  on  any  account  be  used  ;  there  is 
no  resisting  stricture  to  overcome  ;  the  passage  is  fi*ee  enough  if  the  right  Avay 
in  be  found.  AVhen  a  catheter  has  been  passed  it  must  be  left  in  for  about  a 
week.  It  should  not  be  plugged,  but  should  have  a  A'Ulcanized  India-nibber 
tube  attached,  so  that  the  urine  may  escajje  as  fast  as  secreted.  If  any  hard- 
ness, throbbing,  or  other  sign  of  irritation  occur  in  the  perinasum,  a  free  incision 
should  be  made  into  the  part,  so  as  to  afford  a  ready  outlet  for  urine  that 
may  have  been  effused.  If  the  Surgeon  find  it  impossible  to  introduce  a 
catheter  into  the  bladder,  the  urethra  being  torn  completely  across,  he  should 
pass  it  as  far  as  it  will  go,  and  then,  putting  the  patient  in  the  position  for 
lithotomy,  make  a  free  incision  in  the  mesial  hue  upon  the  point  of  the 
instrument,  so  as  to  make  an  opening  in  the  perineum  that  will  communicate 
Avith  the  deeper  portion  of  the  urethra  ;  any  arteries  that  l)lced  freely  should  be 
tied.  He  must  then  endeavour  to  pass  the  catheter  into  the  bladder,  through 
the  proximal  portion  of  the  injured  urethra.  This  is  often  extremely  difficult. 
If  the  floor  of  the  urethra  only  haA-e  been  torn,  it  may  be  accomplished  by 
keeping  the  point  of  the  catheter  well  against  the  upper  wall  of  the  canal ;  bufc 
if  the  urethra  have  been  completely  torn  across,  it  will  tax  all  the  skill  of  the 
Surgeon  to  direct  and  pass  the  instnnnont  into  the  A^esical  end  of  the  canal. 
An  ingenious  plan  for  overcoming  the  difficulty  in  such  cases  Avas  suggested  by 
T.  P.  Teale  (senior),  of  Leeds.  A  director  is  first  introduced  into  the  proximal 
end  of  the  opening  in  the  urethra,  and  over  it  a  dilator  is  passed ;  the  director 
being  then  withdrawn,  the  catheter  is  readily  introduced  through  the  dilator. 
Should  the  urine  become  cxtravasated,  the  Surgeon  must  follow  its  course  \\  itli 
free  and  deep  incisions,  supporting  the  strength  of  the  patient  at  the  same 
time  by  a  due  allowance  of  stimulants  and  nourishment.  If,  when  the  urethra 
is  completely  torn  across,  a  catheter  cannot  be  passed,  and  the  urine  finds  a 
difficulty  in  escaping,  relief  not  being  afforded  by  the  perinceal  incision,  and 
the  ])ladder  becoming  over-distended,  this  organ  should  be  tapped  through  the 
rectum,  in  the  way  that  will  be  described  Avhen  we  come  to  speak  of  diseases 
of  the  urinary  organs.  But  tapping  through  the  rectum  should  not  l)c  done 
before  the  perineal  incision  is  made,  and  is  scarcely  ever  required  after. 

Yagina  and  Rectum.— Foreign  Bodies  are  occasionally  thrust  forcibly 
into  or  impacted  in  the  vagina  or  rectum.    When  a  foreign  body,  such  as  a 
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stick,  or  a  broom-handle,  or  the  leg  of  a  chair,  is  thrust  forcibly  up  the  rectum 
by  a  persou  falling  on  it,  two  dangei-s  may  result — extensive  laceration  of  the 
sphincter  ani  and  the  perin;sum,  Avith  hsemorrhage,  or  transfixion  of  the  gut 
and  wound  of  the  peritoneum,  with  cousecutive  inflammation  of  that  mem- 
brane, which  almost  invariably  terminates  fatally.  The  consequences  of  such 
an  injury  present  nothing  veiy  special,  and  require  to  be  treated  on  ordinary 
principles.  If  in  the  fall  the  foreign  body  have  been  forcibly  thrust  into  the 
vagina,  there  may  be  injury  to  the  bladder  or  peritoneum;  but  the  most 
common  source  of  danger  is  laceration  of  the  labium,  and  free  haemorrhage 
from  this  source.  I  have  several  times  seen  enormous  ([uantitics  of  blood 
thus  lost.  This  hsemorrhage  is  best  arrested  by  plugging  firmly  with  lint 
soaked  in  a  solution  of  the  perchloride  of  iron,  and  by  the  pressure  of  a 
bandage. 

A  variety  of  things,  such  as  pieces  of  stick,  glass-bottles,  gallipots,  tumblers, 
&c.,  have  been  introduced  into  and  impacted  in  these  canals.  Their  extraction 
is  often  very  difficult,  in  consequence  of  the  swelling  of  the  nmcous  membrane 
over  and  around  them,  and  the  depth  to  which  they  have  been  pushed.  In 
order  to  remove  them,  the  use  of  lithotomy  or  necrosis  forceps  may  be  required. 
In  some  cases  the  foreign  body  produces  ulceration  into  the  bladder  ;  and  it 
has  been  found  to  transfix  the  wall  of  the  canal  in  which  it  is  lodged,  and, 
by  penetrating  the  peritoneum,  has  speedily  occasioned  death.  A  remarkable 
case  of  this  kind  occurred  in  my  practice,  in  which  a  cedar  pencil,  five  inches 
long,  and  cut  to  a  point,  had  been  forced  up  by  the  patient  herself,  a  young 
woman,  through  the  posterior  wall  of  the  vagina  into  the  abdominal  cavity. 
Here  it  transfixed  two  coils  of  the  small  intestine,  and  after  being  fixed  there 
for  eight  months,  I  extracted  it  by  an  incision  through  the  anterior  abdominal 
wall,  midway  between  the  umbilicus  and  Poupart's  ligament,  where  its  point 
was  engaged  in  the  fascia  transversalis.  It  had  occasioned  repeated  attacks  of 
peritonitis ;  and,  after  extraction,  death  resulted  from  that  cause. 

Laceration  of  the  Perin.150[. — The  perinteum  is  occasionally  ruptured 
during  parturition.  The  extent  of  the  laceration  varies  greatly,  and  influences- 
materially  the  ultimate  dssue  of  the  case.  In  some  cases  there  is  merely  a 
slight  rent  at  the  fourchette ;  in  others,  the  whole  perineum  has  given  w^ay 
as  far  as  the  sphincter  ani ;  in  a  third  case  the  sphincter  also  is  torn ;  and  in  a 
fourth  the  rent  has  extended  into  the  recto-vaginal  septum.  The  worst  cases 
are  those  in  which  the  perinasum  has  been  torn,  and  the  recto-vaginal  septum 
destroyed  by  sloughing  from  prolonged  j^ressure  of  the  foetal  head.  In  such 
cases,  the  loss  of  soft  tissues  and  the  existence  of  dense  cicatricial  bands  render 
complete  union  by  operation  very  uncertain. 

The  length  of  time  that  has  elapsed  since  the  occurrence  of  the  injury  is  of 
Httle  consequence.  It  is  as  easy  to  repair  a  perinaium  that  has  been  lacerated 
for  ten  years,  as  for  ten  days.  A  very  serious  evil  arising  from  ruptured 
perinasum  is  the  loss  of  support  to  the  pelvic  viscera,  and  the  consequent 
liability  to  prolapsus  of  the  uterus  or  of  the  vaginal  or  vesical  wall  giving  rise 
to  iiTitability  of  the  bladder.  When  the  sphincter  ani  or  the  recto-vaginal 
septum  has  given  way,  incontinence  of  fasces  forms  the  most  troublesome 
symptom.  The  frequent  escape  of  small  quantities  of  semi-solid  or  liquid 
motions  must  not  be  mistaken  for  diarrhoea,  and  is  often  associated  with  the 
accumulation  of  hard  ftecal  matter  in  the  upper  part  of  the  rectum  and  the 
colon.    The  neighbouring  parts  are  from  this  cause  liable  to  excoriation ; 
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and  not  unfreqiicntly  the  rectal  nmcons  membrane  becomes  prolapsed  or 
hemorrhoidal. 

The  operation  lor  the  closnre  of  ruptured  perinanmiis  comparatively  modern. 
Although  it  had  been  done  m  France  by  Guillemeau  in  the  IGth  century,  and 
])y  Smc^lie  in  this  ct)untry,  little  attention  was  paid  to  the  subject  until  Rouse, 
ill  18:-54,  published  five  cases,  in  four  of  which  he  had  effected  a  cure  by  means 
(.f  the  (piilled  suture.  From  that  time  the  operation  took  its  place  in  surgery, 
and  has  now  been  i)erfected  and  simplified  by  Bakei-  Brown,  Emmett,  Bantock 
and  others. 

The  operation  may  be  done  at  two  distinct  periods  after  the  occurrence  of 
tlie  lacerations,  \  iz.,  immediately  or  remotely. 

The  immediate  operation  is  done  as  soon  as  possible  after  the  occurrence 
of  the  accident.  It  is  performed  as  follows :—  The  patient  lying  in  the  obstetric 
position,  the  vagina  is  to  be  plugged  with  a  sponge  having  a  string  attached. 
T'he  edges  of  the  fissure  are  then  cleaned  and  brought  together  carefully  with 
two  or  three  points  of  suture.  The  sponge  is  then  removed.  The  vagina  must 
be  washed  out  thrice  daily  with  a  tepid  antiseptic  solution,  the  best  being 
Condy's  fluid  and  -water,  or  a  concentrated  solution  of  boracic  acid.  The 
urine  must  be  drawn  off  regularly.  The  sutures  may  be  remo\  ed  at  the  end 
of  a  week.  ♦ 

The  remote  operation  consists,  in  chronic  cases,  of  a  plastic  procedure, 
liaA-ing  for  its  ol>ject  the  bringing  together  and  the  union  by  adhesion  of  the 
opposite  sides  of  the  rent.  The  difficulty  of  this  operation  will  vary  according 
to  the  extent  of  the  laceration,  and  its  prospect  of  success  will  depend  on 
attention  to  several  points  in  its  performance  ;  but  also,  as  is  the  case  with 
most  plastic  procedures,  on  the  state  of  the  patient's  health.  This  should  l)e 
brought  up  to  the  best  j^ossible  condition  before  the  Surgeon  proceeds  to 
operate.  All  local  irritation  should  be  removed,  piles  or  prola|>sus  ani  cured, 
and  the  parts  brought  into  as  liealthy  a  state  as  possible. 

Operation  for  Ruptured  Ferinseum. — The  operation  as  performed  by 
Baker  Brown  is  thus  can-ied  out.  The  bowels  having  been  well  cleared  out^ 
the  patient  should  be  placed  in  the  position  for  lithotomy.  Tlie  upper  wall  of 
the  vagina  being  held  out  of  the  way  by  means  of  a  "duck-billed"  speculum^ 
the  edges  and  sides  of  the  rent  must  be  freely  and  deeply  pared  in  a  horse-shoe 
shape,  so  as  leave  a  raw  surface  about  an  inch  in  width.  ]\Iost  Surgeons 
prefer  the  scalpel  for  this  dissection,  but  some  use  the  scissors  as  being  more 
handy  and  followed  by  less  bleeding.  Great  care  must  be  taken  not  to  carry 
the  paring  too  fai-  forwards  so  as  to  encroach  on  the  nymphee,  or  too  contracted 
an  outlet  will  be  left  for  future  parturition.  Every  particle  of  mucous  membrane 
and  integumental  structure  must  be  removed  from  the  fissure,  and  if  the  recto- 
vaginal septum  is  implicated  special  care  must  be  taken  to  pare  the  upper 
angle  thoroughly.  Any  portion  of  these  structures  that  may  be  left  l)ehind, 
however  minute,  will,  of  course,  be  an  obstacle  to  union,  and  will  either  com- 
pletely prevent  it  or  lea^"e  a  fistulous  opening  at  its  site.  Brown  recom- 
mended that  the  sphincter  ani  should  then  be  freely  divided,  Init  experience 
has  shown  that  this  is  not  necessary.  Three  (|uilled  sutures  (Fig.  :)48) 
should  then  be  passed  deeply  through  the  freshened  side  of  the  laceration^ 
and  the  edges  brought  together  by  a  few  superficial  interrupted  sutures. 
The  dee])  sutures  are  best  introduced  by  long  naivus-needles.  The  one 
nearest  the  anus  should  be  passed  first;  and  if  the  recto-vaginal  septum 
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be  involved  iii  the  rent,  it  must  be  dipped  into  but  not  passed  through  the 
fresliencd  surface  of  this  part,  so  as  to  draw  it  well  forwards  and  against  the 
new  pcrinteuni.  The  sutures  should  be  introduced  at  a  distance  of  one  inch 
from  the  cut  edge,  should  pass  about  three-quarters  of  an  inch  in  depth,  and 
1x3  brought  out  on  the  other  side  at  tlie  same  distance  from  the  freshened 
surfiices  as  that  at  which  they  entered.  The  great  difficulty  in  this  operation 
will  be  found  to  consist  in  the  removal  of  the  mucous  membrane  from  the 
aperture  in  the  recto-vaginal  septum,  and  in  bringing  its  edges  together.  In 
proportion  to  the  loss  of  substance  that  has  occurred,  tliis  difficulty  will 
increase.  Sometimes  a  narrow  band,  the  result  of  some  previous  incfl'ectual 
attempt  at  union,  will  be  found  to  stretch  across  the  gap  at  the  verge  of  the 
anus.  This  should  not  be  retained, 
as  it  will  be  greatly  in  the  way  of  the 
operator,  and  useless  as  far  as  after- 
union  is  concerned. 

The  best  material  for  the  deep  sutures 
is  thick  siher  wire  or  silkworm  gat, 
and  tlie  sim])Ie  suture  is  now  preferred 
to  the  (juilled.  The  sujDcrficial  sutures 
may  be  of  fine  silver  wire. 

Baker  Brown's  method  gives  very 
good  results  in  simple  cases,  but  is  less 

SUCCeSSfal  in  those  in  which  the  septum      r.g.  348.-Operation  for  Lacerated  Perinceum. 

is  extensively  torn.     In  these  cases 

the  operation  recommended  by  Bantock  will  be  found  to  give  better  results. 
It  combines  the  more  recent  improvements  of  Emmett,  Thomas,  Le  Fort  and 
other  workers  in  this  field  of  Surgery,  and  differs  in  some  very  important 
i-espects  from  Baker  Brown's.  In  the  first  place,  the  raw  surface  is  made  in 
the  form  of  a  wedge,  being  about  one  inch  deep  posteriorly,  and  tapering  off 
towards  the  nymphaa.  AVhcu  the  septum  is  torn  a  flap  of  mucous  membrane 
a  quarter  of  an  inch  or  more  in  width  is  raised  on  each  side  with  the  base 
away  from  the  middle  line,  both  from  the  vaginal  and  rectal  edges  of  the  raw 
surface.  A  sufficient  number  of  fine  carbolizcd  catgut-sutures  are  then  in- 
troduced in  such  a  way  tliat  when  they  are  tightened  they  shall  bring  the  raw 
surfaces  of  the  small  rectal  flaps  into  close  contact,  tlie  free  edges  of  the  flaps 
looking  into  the  rectum.  The  deep  peri  nasal  sutures  are  then  passed  a  quarter 
of  an  inch  from  the  margin  of  the  skin  in  front  of  the  anus,  carried  into  the 
recto-vaginal  septum,  in  the  middle  of  which  it  emerges,  then  immediately  re- 
introduced so  as  to  leave  none  visible,  and  brought  out  on  the  opposite  side  at 
a  point  corresponding  to  that  of  entry.  These  stitches  should  not  be  quilled, 
and  the  best  material  to  use  is  strong  silkworm  gut  (such  as  is  used  in  salmon 
fishing).  A  sufficient  number  of  fine  stitches  are  then  introduced  in  the 
vaginal  flaps  in  the  same  way  as  has  already  been  done  in  rectal  flaps.  The 
sutures  are  then  drawn  tight,  beginning  with  those  in  the  rectum,  and  ending 
with  those  in  the  vagina.  Finally,  a  sufficient  number  of  superficial  inter- 
rupted stitches  are  introduced  in  the  skin  between  the  deep  sutures.  The  ends 
of  all  the  sutures  are  cut  short.  Bantock,  following  Marion  Sims,  Emmett 
and  others,  does  not  divide  the  sphincter  ani.  This  operation  has  undoubtedly 
established  an  advance  in  the  surgical  treatment  of  ruptured  perina^um.  The 
simple  or  unirritating  sutures  are  a  great  improvement  on  the  quilled,  which 
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not  only  occasioned  much  pain,  but  led  to  sloughing  and  consequent  weak 
union.  So  also  the  abandonment  of  the  division  of  the  spliincter  ani  has 
materially  lessened  the  severity  of  the  operation. 

Success  will,  to  a  great  extent,  depend  on  the  attention  bestowed  on 
the  after-ireatmejif,  the  mode  of  conducting  which  has  been  laid  down  with 
much  precision  by  B.  Brown.  The  principal  points  to  be  attended  to  are 
the  following.  Innnediately  after  the  operation,  a  full  dose  of  opium  should 
be  given,  followed  ])y  a  grain  once  or  twice  a  day,  so  as  to  arrest  all  intestinal 
action.  The  patient  should  be  laid  on  her  side,  and  the  water  must  be  drawn 
olf  three  or  four  times  a  day  l)y  means  of  a  catheter.  It  is  better  not  to  tie  a 
catheter  into  the  bladder  as  it  is  apt  to  cause  cystitis,  and  a  little  urine  often 
leaks  out  beside  it,  and  by  dribbhng  over  the  raw  edges  may  prevent  union. 
All  haemorrhage  should  be  thoroughly  arrested  before  the  surfaces  are  brought 
together  ;  but  should  any  oozing  occur  afterwards  it  is  best  controlled  by  ice 
in  the  vagina.  The  deep  sutures  should  not  be  so  tight  as  to  cause  ulceration. 
They  must  be  carefully  looked  to,  and  if  they  are  causing  no  irritation  they 
may  be  left  for  six  days  or  a  week.  If  suppuration  be  set  up  along  their  track 
they  must  be  at  once  taken  out.  The  superficial  sutures  may  be  left  in  for 
eight  or  ten  days  if  they  arc  of  silver  wire.  The  catgut  stitches  in  the  rectum 
and  vagina  do  not  require  removal,  as  they  ultimately  melt  away.  Before  the 
stitches  are  removed,  I  have  found  it  ad^•antagcous  to  keep  the  part  covered 
with  collodion.  When  the  stitches  are  removed,  even  if  very  imperfect  union  is 
found  to  have  taken  place,  all  hope  of  a  cure  need  not  be  abandoned.  The 
patient  should  be  kept  on  her  side  and  as  quiet  as  possible,  and  it  often 
happens  that  those  parts  which  have  not  united  by  the  first  intention  become 
soundly  healed  by  granulation.  When  the  sutures  are  removed  a  pad  of  dry 
lint  supported  by  a  T-bandage  should  be  applied.  When  the  recto-vaginal 
septum  has  been  implicated,  the  bowels  should  not  be  allowed  to  act  for  at 
least  ten  or  twelve  days,  lest  the  freshly  united  surfaces  be  torn  through. 
They  are  then  best  relieved  by  a  large  olive  oil  enema.  When  the  perineum 
only  has  been  the  seat  of  laceration,  they  may  be  allowed  to  act  earlier. 
During  the  whole  of  the  treatment,  the  patient's  strength  must  be  supported 
by  abundant  nourishment ;  and  scrupulous  attention  should  be  paid  to  the 
cleanliness  of  the  parts,  by  frequent  syringing  with  an  antiseptic  lotion,  and 
the  application  of  finely-carded  dry  wool. 

Plastic  operations  of  this  kind  should  not  be  performed  unless  the  patient 
be  in  a  good  state  of  health,  that  there  may  be  a  good  prospect  of  immediate 
union.  The  success  of  the  case  will  at  last  depend  mainly  on  the  extent  of 
laceration,  or  rather  of  loss  of  substance,  in  the  recto-vaginal  septum.  If  this 
be  uninjured,  or  merely  notched  as  it  were,  there  Avill  be  but  little  diflftculty 
experienced  in  effecting  a  cure.  If,  on  the  other  hand,  this  wall  be  deeply- 
lacerated,  or,  still  worse,  if  a  portion  of  it  have  sloughed  away,  the  greatest 
difficulty  may  result  in  effecting  union  ;  and  in  such  untoward  circumstances 
it  may  happen,  that  the  perineum  unites,  but  that  a  fistulous '  opening  is  still 
left  in  the  recto-vaginal  wall,  requiring  a  future  plastic  operation  for  its  closure 
(e;iV?e  Chapter  LXVII.). 
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MOETIFICATIOX,  OR  GANGRENE. 


The  death  of  a  part  of  the  body  is,  in  surgical  lauguage,  termed  Mortifi- 
cation or  Gangrene.  In  pathological  language  the  term  Necrosis  is 
applied  to  local  death  generally,  in  -whatever  part  or  tissue  it  occurs  ;  but  in 
surgical  practice  it  is  customary  to  confine  it  to  affections  of  the  bones  or 
cartilages  :  when  limited  to  the  soft  tissues  of  a  hmb  it  is  spoken  of  as  Spha- 
celation ;  and  when  accompanied  by  ulceration,  it  is  called  Sloughing. 
Many  other  varieties  of  gangrene  are  recognized  by  Surgeons.  Like  all  other 
diseases,  it  may  be  Acute  or  Chronic  in  its  duration.  As  the  parts  affected 
are  moist  and  swollen,  or  dry  and  shrivelled,  it  may  be  divided  into  the  Moist 
and  the  Dry  or  Mummified  gangi-ene  ;  so  again,  according  to  its  cause,  it  is 
spoken  of  as  Spontaneous  or  Traumatic;  and  very  frequently,  it  is  arranged 
according  to  the  nature  of  its  cause  under  the  denominations  of  Constitutional 
and  Local.  Besides  these,  various  Specific  forms  of  the  disease  arc  met  with, 
which  will  require  special  consideration. 

Local  Sigxs. — Whatever  form  the  gangrene  may  assume,  certain  local 
phenomena  are  common  to  all  varieties.  The  part  becomes  colder  than 
natural,  the  temperature  falling  to  that  of  the  external  air.  The  sensibility  of 
the  part  is  lost.  It  may  be  touched,  pricked,  or  cut  without  feeling.  In  some 
cases  the  sensibility  is  greatly  increased  just  before  gangrene  sets  in,  intense 
agonizing  pain  of  a  burning  or  neuralgic  character  being  experienced,  which 
soon  gives  way  to  complete  insensibility.  The  natural  function  of  the  affected 
parts  are  abolished.  Thus  the  muscles  no  longer  contract,  and  all  motion  of 
the  part  itself  ceases.  It  may  be  moved  by  muscles  Irom  a  distance,  as  a 
mortified  toe  might  be  moved  by  the  unaffected  flexors  or  extensors,  but  it  has 
no  independent  power  of  motion.  The  changes  that  subsequently  take  place 
in  the  tissues  of  the  gangrenous  part  are  of  two  kinds,  giving  rise  to  the 
division  of  gangrene  into  dry  and  moist.  In  the  moist  variety  of  gangrene 
death  of  the  part  takes  place  while  the  tissues  are  engorged  with  blood,  either 
from  inflammation  or  from  obstruction  to  the  circulation  through  the  veins  or 
capillaries.  In  this  form  the  skin  of  the  mortified  part  becomes  discoloured, 
usually  greyish  or  greenish,  the  cuticle  separates,  and  when  pressed  upon 
obliquely  shdes  away  under  the  finger,  leaving  the  moist  and  slippery  cutis 
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exposed.  The  colour  o-nulually  darkens  to  a  dull  purplish  greenish  black, 
mottled  in  patches  witli  reddish-brown  spots ;  and  after  a  time  there  is  an 
odour  of  putrescence  e\-olved,  very  commonly  with  an  emphysematous  crack- 
ling- from  evolution  of  gas  in  the  tissues  of  the  part.  This  shows  that 
putrcfacti^•e  changes  hare  taken  place  in  the  sohds  and  fluids  of  the  tissues. 
The  dry  A  ariety  of  gangrene  occurs  as  a  consequence  of  some  obstruction  to 
the  supply  of  blood  to  the  part,  so  that  at  the  time  it  sets  in  the  tissues  contain 
less  blood  than  natural.  In  it  the  colour  is  often  at  first  of  a  pale  tallowy- 
Avhite,  Avith  a  mottled  appearance  in  parts.  The  skin  soon  shrivels,  l)ecomes 
diy,  horny,  and  semi-transparent,  and  eventually  assumes  a  brown  wrinkled 
appearance  ;  in  other  cases  the  gangrenous  part  is  brown,  dry,  and  shrivelled 
from  the  very  first. 

These  characteristic  signs  of  gangrene,  although  they  may  in  some  cases 
follow  very  rapidly  on  the  loss  of  vitality,  are  in  fact  consecutive  to  it,  and 
indicate  more  than  the  simple  death  of  the  part ;  they  are  proofs  of  putre- 
scence having  set  in,  as  well  as  of  death  having  occurred. 

Constitutional  Symptoms. — These  vary  greatly.  AVhen  the  disease  is 
strictly  local,  affecting  a  part  of  but  limited  extent,  and  perhaps  of  no  great 
importance  to  the  economy,  they  are  not  very  strongly  marked.  If,  however, 
the  gangrene,  although  limited,  implicate  important  organs,  as  a  knuckle  of 
intestine  for  example,  marked  symptoms  declare  themselves. 

Whatever  the  cause  of  the  condition  may  be,  the  full  invasion  of  the 
gangrene,  if  it  affect  any  considerable  extent  of  tissue  or  any  important  organ 
is  always  attended  by  great  depression  of  the  system.  In  such  cases  the  coun- 
tenance is  dull  and  anxious  and  the  pulse  feeble,  quick,  and  easily  compressible ; 
the  tongue  is  brown,  and  the  lips  and  teeth  loaded  with  sordes.  In  moist 
gangrene  the  constitutional  disturbance  is  aggravated  in  some  cases  by 
absorption  of  the  products  of  the  unhealthy  inflammation  from  which  the 
death  of  the  part  has  resulted,  and  in  others  of  the  products  of  putrefaction 
from  the  decomposing  slough.  Death  may  in  fact  occur  from  this  cause  witli 
all  the  symptoms  of  septic  poisoning.  In  dry  gangrene  these  symptoms  are- 
usually  much  less  marked.  "When  gangrene  affects  an  internal  organ  the 
depression  is  always  A  cry  great,  and  the  special  symptoms  "will  vary  with  the 
part  affected. 

Causes.— The  causes  of  gangrene  are  2^' i'^^'< ^posing  and  immecliat-e.  Any- 
thing that  tends  to  lower  the  vitality  of  the  tissues  must  necessarily  bring 
them  into  a  state  in  which  a  comparatively  slight  injury  may  cause  their  death. 
These  conditions  have  already  been  fully  discussed  in  the  chapter  on  inflam- 
mation (p.  150).  The  predisposing  causes  of  inflammation,  when  acting 
more  powerfully,  predispose  to  gangrene. 

Immediate  Causes  of  Gangrene. — These  may  be  divided  thus  : — 

I.  Causes  acting  primarily  by  arrest  of  the  Circulation.— These  may 
again  be  divided  into  : — 

{a.)  Arrest  of  thr  Siipphj  of  Arterial  Blood  to  a  ]wrt. — This  is  a  common 
cause  of  gangrene.  It  may  be  produced  by  accident,  or  by  ligature  or  other 
surgical  operation,  or  by  thrombosis  or  embolism  of  the  arteries. 

{Ik)  Obstruction  of  the  Circvlation  through  a  jJart. — This  is  seldom  a  pri- 
mary cause  of  gangrene,  and  as  such  arises  only  from  pressure  either  fi-om 
within,  as  from  the  growth  of  a  tumour,  or  from  without,  as  in  the  formation 
of  bed-sores  or  sloughs  beneath  splints.    Obstruction  to  the  capillary  circu- 
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latiou  necessarily  accompanies  all  acntc  inflammations,  and  oi'Lcn  forms  an 
important  clement  in  the  production  of  g-angrene:  Imt  in  inflannnatiou  it  is 
not  a  primary  cause,  being  secondary  to  the  damage  done  to  the  tissues  direct]}' 
by  the  cause  of  the  mischief. 

(f.)  ObsirucHon  to  ihe  Ri-turn  of  Venous  Blood  from  a  part. — This  seldom 
forms  a  sole  cause  of  gangrene,  e\  en  when  important  veins  arc  occluded  by 
thrombosis  or  pressure.  As  an  accessory  cause,  it  frequently  aids  in  the  pro- 
duction of  gangrene,  when  the  main  artery  is  obstructed  at  the  same  time. 

(d.)  Diminislu'd  Vina  Tenjo  from  i-jfromo  ircalincss  of  tlie  //ef/rl's  arlio/i. — 
This  is  a  i)0\verful  accessory  cause  Avhcn  there  is  any  obstruction  either  to  the 
arterial  flow  or  to  the  venous  return.  It  may  result  from  extreme  del)ility 
from  fever  or  from  starvation.  The  gangrene  that  accompanies  ergot-poison- 
ing is  supposed  to  be  due  partly  to  relaxation  of  the  veins  by  which  a  large 
quantity  of  blood  is  withdrawn  from  the  circulation,  and  partly  to  weakness 
of  the  heart's  action.  Great  loss  of  lilood  may  in  the  same  way  aid  in  pro- 
ducing gangTeue. 

2.  Causes  acting  directly  on  the  Tissues  : — 

(a.)  Traumatic  Cau><es. — The  production  of  gangrene  by  mechanical 
violence,  heat  and  cold,  and  caustic  fluids  has  already  l)e('n  fully  discussed 
and  needs  uo  further  notice  here. 

Causes  fjivhaj  rise  fo  acute  i/iflammatio/i. — Any  acute  inflammation, 
as  ah'eady  pointed  out  in  the  chapter  on  inflammation,  may  teiminate  in 
gangrene,  if  the  irritant  which  causes  it  is  of  sufficient  intensity  or  the  tissues 
upon  which  it  acts  are  of  abnormally  low  vitality. 

In  certain  forms  of  specific  infective  inflammation  gangrene  forms  the 
principal  characteristic  of  the  process,  as  in  hospital  gangrene,  cancrum  oris^ 
carbuncle,  malignant  pustule,  and  spreading  traumatic  gangrene. 

Amongst  the  causes,  some  are  Constitutional,  others  Local,  in  their  action. 
Those  forms  of  gangrene  are  said  to  be  coa^tiliitional  which  arise  from  obstruc- 
tion of  the  circulation  in  consequence  of  disease  of  the  heart  and  vessels. 
The  constitutional  state  also  forms  frequently  an  important  predisposing 
cause  of  gangrene  in  cases  in  which  the  immediate  cause  is  local.  Bright's 
disease  and  diabetes  are  amongst  the  most  frequent  conditions  which  act  in 
this  way.  Those  A'arieties  of  gangrene  arc  local  which  arise  from  injuries  of 
all  kinds,  whether  applied  to  the  part  itself,  or  to  the  maiu  artery  leading  to 
it,  by  its  ligature  or  wound. 

The  forms  of  gangrene  which  arise  from  traumatic  causes,  have  been 
already  described  in  previous  chapters  (see  pp.  318,  319)  ;  while  those  that 
arise  from  obstructed  circulation  to  or  through  a  part,  or  that  take  the  form 
of  specific  disease,  arc  left  for  consideration  here. 

Gangrene  from  Arrest  of  the  Supply  of  Arterial  Blood.— Whenever 
a  part  of  the  body  is  deprived  of  its  proper  supply  of  blood,  mortification  may 
ensue.  Most  commonly,  when  the  principal  trunk  of  an  artery  is  obstructed, 
the  collateral  circulation  is  sufficient  to  maintain  the  vitality  of  the  part  ;  but. 
should  this  be  interfered  with,  gangrene  occurs  from  the  simple  deprivation  of 
blood.  Indeed,  the  sudden  loss  of  a  large  quantity  of  blood  Irom  the  system 
generally  may  occasion  the  death  of  some  of  the  extreme  parts  of  the  body,  in 
which  the  circulation  is  naturally  most  languid.  Thus  Sir  B.  Brodie  relates 
the  case  of  a  drunken  man,  who,  being  bled  to  an  inordinate  extent,  was  seized 
with  gangi'ene  of  both  feet. 
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Obstruction  to  the  flow  of  blood  through  the  arteries  may  be  occasioned 
by  two  i)riraary  sets  of  causes  :— «,  from  injurij  or  operaiion,  as  wound  or 
ligature  of  the  main  trunk  ;  b,  from  disease,  as  by  thromlmis  or  by  emMism  ; 
])y  cakificaiion,  and  sulisequent  urclasion  of  the  vessel.  Gangrene  from  arterial 
obstruction  varies  materially  in  its  symptoms,  prognosis,  and  treatment, 
according  as  it  arises  from  one  or  other  of  these  causes.  When  the  ol)struc- 
tion  is  seated  in  the  arteries  alone,  the  gangrene  will  be  of  the  dry  kind  ;  but 
if  there  is  also  an  impediment  to  the  return  of  blood  through  the  veins,  the 
disease  will  ])artake  more  or  less  of  the  character  of  the  moist  variety. 

a.  A  limb  gangrenous  in  consequence  of  the  Ligature  or  Wound  of  its 
Main  Artery,  without  any  other  injury  to  the  vascular  system,  becomes  cold, 
feels  heavy,  and  loses  its  sensibility;  at  the  same  time  it  assumes  a  dull  tallowy- 
white  colour,  mottled  with  greyish  or  brownish  streaks.  This  state  of  things 
is  met  with  chiefly  in  the  lower  extremity.  In  a  short  time  the  pallid  colour 
is  lost,  the  part  becoming  brown  or  blackish  ;  the  integuments  of  the  foot 
become  semi-transparent  and  horny-looking  where  they  are  stretched  over 
the  tendons  of  the  instep,  and  the  part  presents  a  shrivelled  appearance. 
This  form  of  gangrene  may  invade  the  whole  of  the  lower  limb,  but  most 
commonly  is  limited  to  the  foot,  stopping  cither  just  above  the  ankle,  or  if  not 
there,  immediately  below  the  knee,  as  Guthrie  has  observed  ;  the  aiTCst  taking 
place  in  one  or  other  of  these  two  spots,  on  account  of  the  greater  freedom  of 
the  collateral  circulation  here  than  in  otlier  parts  of  the  liml).  If  any  of  the 
large  venous  trunks  become  obstructed  or  otherwise  imphcated,  so  that  the 
return  of  blood  throu2:h  them  is  interfered  with  at  the  same  time  that  the 
supply  by  the  artei-ics  is  arrested,  the  limb  generally  assumes  a  greenish-blue 
colour,  and  rapidly  runs  into  putrefaction.  In  some  of  these  cases  it  happens 
that  sloughs  of  the  integument  and  subcutaneous  areolar  tissue  form,  although 
the  limb  generally  preserves  its  vitality.  The  treatment  of  these  forms  of 
gangrene,  which  are  strictly  local,  is  described  in  the  chapter  on  the  Arrest 
of  Arterial  Haemorrhage. 

Qj.)  Gangrene  may  occiu'  from  the  arrest  of  the  circulation  through  an 
artery  as  the  result  of  disease  of  the  coats  of  the  vessel.  This  is  the  \  ariety 
that  is  commonly  called  sjwntaneous. 

Spontaneous  gangrene  is  termed  Senile  when  it  occurs  in  old  people  in 
consequence  of  the  arteries  becoming  rigid  and  their  calibre  narrowed  by 
Atheroma  or  Calcification  of  their  Coats.  The  pathology  of  these  affections 
of  the  arteries  will  be  more  fully  discussed  in  the  Chapter  on  Diseases  of  the 
Blood-vessels  iu  Volume  II.    It  is  sufficient  here  to  state  that  the  effect  of 
these  changes  is  to  render  the  arteries  unable  to  maintain  the  proper  circula- 
tion of  blood  through  the  limb,  and  further  from  the  roughening  of  the  inner 
coat  to  predispose  to  thrombosis,  that  is  to  say,  to  the  deposit  of  fibrin  by 
which  the  vessel  may  become  completely  obliterated.    The  want  of  a  due 
supply  of  arterial  blood  in  these  cases  is  owing  not  only  to  the  diseased  state 
of  the  arteries,  but  also  in  a  great  measure  to  the  weak  propulsive  power  of 
the  heart,  and  the  consequent  feebleness  of  the  circulation  especially  through 
the  lower  limbs.    AVhcn  the  circulation  is  so  far  interrupted  as  to  lower 
the  nutrition  of  the  limb,  the  following  premonitory  symptoms  are  observed. 
A  sensation  of  weight  in  the  limb,  with  coldness,  itching,  and  tingling  in  the 
feet,  and  cramps  in  the  calves,  is  complained  of,  and  the  circulation  of  the 
part  is  habitually  defective,  the  pulsation  of  the  tibials  being  scarcely  per- 
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ceptible.  In  some  cases  cutaneous  ulcerations  ensue.  These  symptoms 
commonly  exist  for  a  considerable  length  of  time  before  gangrene  actually 
comes  on,  and  should  always  be  looked  upon  with  anxiety  in  old  people, 
the  circulation  becomes  arrested  from  the  conjoined  influences  of 
diminished  cardiac  power  and  arterial  obstruction,  gangrene  in- 
evitably results.  It  is  met  Avith  in  the  lower  extremities  of 
people  past  the  middle  period  of  life,  and  the  tendency  to  it 
increases  as  age  advances. 

Senile  gangrene  may  set  in  in  different  ways.  In  many 
instances  it  connnences  without  any  apparent  exciting  cause. 
The  toes  and  foot  simply  shrivel,  without  any  sign  of  local 
inflammation  and  with  but  little  constitutional  disturbance. 
The  part  that  is  destroyed  becomes  black,  dry,  and  shrunken, 
resembling  in  appearance  the  limb  of  a  mummy  :  hence  the 
change  is  often  termed  Mummification  (Fig.  SuO).  The 
toes  often  look  like  the  shrivelled  skins  of  over-ripe  or  sucked- 
out  black  grapes.  This  form  of  gangrene  is  usually  due  to 
the  complete  occlusion  of  a  previously  diseased  artery  by 
thrombosis. 

In  other  cases  the  gangrene  is  the  immediate  result  of  some 
slight  inflammation  accidentally  induced,  as  from  the  excoria- 
tion produced  by  a  tight  boot,  or  from  a  trivial  wound  in  cutting* 
a  corn  or  toe-nail.  In  these  cases  the  slight  injury,  which 
in  healthy  tissues  would  be  l^harmless,  causes  the  formation  of  a 
small  slough.  This  decomposes,  and  the  products  of  putre- 
facton  acting  on  the  surrounding  tissues,  give  rise  to  a  spreading 
inflammation,  which,  owing  to  the  greatly  di- 
minished vitality  of  the  part,  terminates  in  1 
gangrene,  and  the  jn'ocess  thus  started  may 
spread  almost  indefinitely.  In  other  instances, 
again,  the  disease  is  ushered  in  by  more  acute 
symptoms.  The  whole  foot  becomes  swollen, 
oedema  tons,  and  red  ;  inflammation,  apparently 
of  a  gouty  character,  being  set  up  in  it. 

The  gangrene  nuiy  at  first  affect  only  one  toe, 
or  it  may  from  the  connnencement  involve 
several  toes.  It  most  generally  begins  as  a 
purple  or  blackish-red  spot  on  the  side  of  one  of 
the  toes,  usually  the  inner  side  of  the  gi'eat  toe ; 
this  spot  may  be  surrounded  by  an  inflamed 
areola,  and  accompanied  by  much  smarting  and  burning 
pain  of  a  paroxysmal  character  ;  it  spreads  by  gradually  in- 
volving the  infla'med  areola,  which  continues  to  extend  in  pro- 
portion as  the  gangrene  progresses.  The  pain,  which  is  often 
of  the  most  intense  character,  subsides  when  the  gangrene  becomes  complete. 

In  whichever  way  the  gangrene  commences  the  affection  gradually  creeps 
up  the  liml),  invading  perhaps  one  toe  aft;jr  aiiother,  involving  the  instep 
(Fig.  350),  or  the  sok  of  the  foot  and  the  heel ;  and  unless  it  terminate  by  the 
formation  of  the  line  of  demarcation,  or  death  put  an  end  to  the  patient's 
sufferings,  it  may  extend  up  the  ankle  or  leg.    In  other  instances,  the  gangrene 


Fig.  340.— P(ip- 
liteiU  and  Ti- 
bial Arteries 
iibstnieted  by 
Tliroiubosis. 


Fiir  350.  —  Senile 
Gangrene :  Kx- 
l)i)sure  of  Bones 
of  Foot. 
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being  limited  to  11  small  extent,  as  to  the  toes  only,  the  patient  may  recover 
■with  the  loss  of  the  fore  part  of  the  foot. 

The  const i tut ional  symi)toms  vary  Avith  the  mode  of  invasion.  In  the 
inflammatory  form  there  is  usually  considerable  constitutional  disturbance 
with  elevation  of  temperature  at  first,  sul»seqnently  sinkins:  into  marked 
depression  witli  subnormal  temperature  as  the  ])atieiit  becomes  poisoned  by 
absor])tion  of  the  }»roducts  of  ])utrefaction ;  and  the  disease  may  thus  often 
prove  fatal  in  from  a  month  to  six  Avceks,  On  the  other  hand,  in  the  dry  form  of 
gaugTenc,  I  have  known  the  disease  to  continue  with  very  little  constitutional 
disturbance  for  more  than  twelve  months,  slowly  creeping  on  during  that 
time.  In  all  forms  of  spontaneous  gangrene  there  is  a  marked  improvement 
in  the  constitutional  state  as  soon  as  a  distinct  line  of  demarcation  forms 
between  the  dead  and  living  tissues. 

The  thin  skin  on  the  anterior  part  of  the  leg  at  its  middle  and  lower  third 
is  apt  to  fall  into  a  state  of  gangrene  in  old  people  as  the  result  of  very  slight 
injuries,  and  occasionally  without  any  obvious  external  cause.  In  these  cases 
\\  bleb  forms  Avhicli  on  l)reaking  leaves  a  slough  which  gradually  dries,  becomes 
black  and  extends  as  the  neighbouring  pores  are  killed  by  a  process  of  painful 
inflammation. 

Diabetes  in  old  people  is  a  fertile  cause  of  spontaneous  gangrene  of  the  toes 
<md  feet.  In  dia1)etes-gaugrene  the  disease  usually  begins  with  a  large  bleb 
which  forms  on  the  under  surface  of  the  foot  or  at  the  end  of  one  of  the  toes. 
This  bleb  contains  fluid  which  s])eedily  becomes  turbid,  and  is  surrounded  by 
■a  dusky  purple  areola.  From  this  the  disease  sloA\  ly  spreads,  and,  unless  the 
diabetes  can  be  checked,  may  largely  invade  and  destroy  the  foot.  Should 
degeneration  of  the  arterial  tissues  have  taken  place  in  these  diabetic  cases, 
senile  gangrene  of  the  most  intractable  character  will  ensue. 

Thrombosis  of  an  artery  (Fig.  ;Uy)  occurs  only  as  a  consequence  of  pre- 
vious disease  of  its  inner  coat,  so,  although  it  is  fre(|uently  the  immediate  cause 
of  gangreuc,  by  obstructing  an  atheromatous  or  otherwise  diseased  vessel,  it  is 
never  the  primary  cause  of  the  disease. 

Embolism  is  a  nmch  more  frequent  cause  of  gangrene.  An  embolus  is  a 
solid  body,  which,  having  entei-ed  the  circulation,  is  carried  onwards  by  the 
blood-stream  until  it  lodges  in  some  vessel  which  is  too  narrow  to  allow  it  to 
pass.  Emboli,  if  of  any  size,  almost  in\-ariably  lodge  at  the  point  at  which  a 
main  trunk  bifurcates  or  gives  off  a  Lirge  branch.  If  very  small  they  may 
pass  on  into  the  capillaries,  causing  capillary  embolism.  When  an  embolus 
has  lodged  in  an  artery,  a  clot  forms  ui)on  it,  reaching  as  high  as  the  first 
branch  abo\  e  the  ]ioint  of  obstruction.  Fibrin  which  has  been  deposited  upon 
a  diseased  jiart  of  a  large  vessel,  or  in  a  fusiform  anemism,  and  vegetations 
from  the  valves  of  the  left  side  of  the  heart,  form  the  most  conmion  sources  of 
embolism  in  the  systemic  arteries :  but  occasionally  a  fragment  of  a  tumour 
which  has  penetrated  the  coats  of  a  large  artery  may  be  washed  away  into  the 
blood-stream  and  form  an  embolus. 

Clangrene  from  embolism  is  most  common  in  the  lower  limb,  and  the 
bifurcation  of  the  popliteal  artery  is  the  usual  place  at  which  the  embolus 
lodges.  If  it  be  so  small  as  to  pass  into  one  of  the  tibials,  the  circulation  is 
maintained  by  the  unobstructed  artery,  and  gangi'enc  does  not  occur,  (ian- 
grene  from  embolism  is,  however,  also  met  with  in  the  upper  limb.  In  these 
cases  the  gaugrene  developes  suddenly,  the  whole  of  the  parts  deprived  of 
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blood  perishinc;  simultaueously,  there  being  no  tendency  for  the  mischief  to 
spread  ;  pulsation  ceases  in  the  terminal  branches  of  the  obstructed  artery, 
and  intense  superficial  pain  is  felt  in  the  limb,  ceasing  after  about  a  week. 
The  limb  is  at  first  pale,  but  soon  undergoes  the  characteristic  changes  in 
colour,  when  decomposition  commences.  The  gangrene  is  always  of  the  dry 
variety.  In  the  leg,  as  Billroth  points  out,  the  foot  soon  becomes  mummified, 
while  near  the  line  of  demarcation  the  parts  remain  more  moist.  The  line  of 
demarcation  forms  in  these  cases  immediately  below  the  knee.  Gangrene 
from  embolism  may  prove  fatal  fi'om  septic  poisoning  before  any  attempt  can 
be  made  by  nature  to  separate  the  mortified  part.  After  death,  the  affected 
vessel  is  found  firmly  plugged  by  the  embolus,  above  which  is  a  dense  coagulum 
reaching  as  high  as  the  next  branch. 

The  accompanying  drawing  (Fig.  351)  represents  the  bifurcation  of  the 
common  femoral  artery  occupied  by  a  fibrinous  plug,  taken  from  a  man  aged 
32,  who  died  of  gangi-ene  of  the  left  leg.  In  this  case  the  patient,  after 
recovering  fi'om  rheumatic  endocarditis,  whilst  sti'aining  at  stool,  suddenly  felt 
his  left  leg  tingle  painfully,  then  become  numb  and  cold.  The 
circulation  in  it  ceased,  and  gangrene  speedily  sui)ervened, 
Avhich  extended  as  high  as  the  knee.  Death  followed  ampu- 
tation of  the  limb.  Jlere  there  can  be  little  douljt  that 
the  sudden  supervention  of  gangrene  was  the  result  of  obstruc- 
tion to  the  arterial  circulation  of  the  lower  extremity,  con- 
secpient  on  the  detachment  of  a  vegetation  ft'om  the  valves  of 
the  heart,  and  its  arrest  at  the  bifurcation  of  the  femoral 
artery. 

In  addition  to  the  forms  of  spontaneous  grangrene  just 
described,  some  other  rarer  fomis  are  occasionally  met  with. 
Von  Winiwarter  has  described  a  pecuhar  form  of  overgrowth  ^'^';,f,f  oV^v^n™^^^ 
of  the  endothelial  cells  of  the  inner  coat  of  both  arteries  and  Artery  ;it  its  Bi- 
veins  (endarteritis  and  endoiihlebitis  proliferans)  l)y  wliich  k.hi'k.ius  and  as- 
their  lumen  becomes  obliterated.  Thrombi  are  formed  in  the  b'^^ls."" 
affected  vessels,  and  these  become  organized  and  ])enctratofl  by 
new  vessels,  as  in  the  closure  of  a  ligatured  artery.  'I.'his  affection  is  said  to 
be  caused  by  syphilis  and  alcoholism,  and  occurs  usually  at  an  earlier  age  than 
ordinary  senile  gangrene.  According  to  Billroth  the  ordiuaiy  signs  of  im- 
perfect blood-supply  may  be  present  for  some  years  Ix'fore  gangrene  takes 
place.    When  gangrene  does  set  in  it  is  usually  of  the  moist  variety. 

Raynaud  has  described  a  rare  form  of  sponta.neons  gangrene  which  attacks 
the  fingers,  and  sometimes  the  toes,  symmetrically.  The  jircmonitory  symptoms 
arc  tha^t  the  fingers  readily  become  "dead,"  often  from  very  slight  exposure  to 
cold,  and  are  slow  in  recovering.  In  the  more  advanced  conditions  the  fingers 
become  of  a  livid  colour,  cold  and  insensitive,  but  intensely  painful,  a  con- 
dition described  by  Raynaud  under  the  name  of  "local  asphyxia."  This 
may  pass  off  after  a  few  hours,  and  the  circulation  be  restored,  or  a  bleb  may 
form  at  the  end  of  the  finger,  beneath  wliic-h  a  slough  is  found  when  the 
cuticle  is  removed,  or  in  extreme  cases  the  whole  ungual  phalanx  may  become 
mummified.  The  corresponding  finger  of  the  opposite  hand  may  be  afPected 
simidtaneously  or  at  a  later  period.  The  affer-tion  is  most  common  in  women 
between  18  and  30.  It  resembles  severe  chilblains  in  some  respects,  but 
differs  in  the  intensity  of  the  pain,  the  clianictcr  of  the  gangrene,  and  the  age 
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of  the  patient.  It  is  supposed  to  be  clue  to  vaso-niotor  disturbance  consequent 
upon  central  miscliief  situated  in  the  cord  ;  but  its  pathology  is  not  definitely 
made  out. 

Gangrene  from  Venous  Obstruction. — Obstruction  to  the  veins  by 
pressure  or  thruuiljosis  is  scarcely  c^-er  tiie  sole  cause  of  gangrene ;  but  if  at 
the  same  time  the  main  artery  is  occluded,  as  when  it  and  the  vein  are  com- 
pressed together,  or  when  the  femoral  vein  is  wounded  accidentally  at  the  time 
when  the  artery  is  ligatured,  mortification  is  especially  apt  to  take  place. 
Cangrene  froui  this  cause  is  always  of  the  moist  kind,  attended  by  much 
oeduma,  with  discoloration  and  rapid  ])utrefaction  of  the  part. 

Gangrene  from  arrest  of  the  Circulation  by  Strangulation. — A 
part  is  often  purposely  strangled  by  a  Surgeon  in  oj^erative  procedures ;  or 
its  circulation  may  in  this  way  be  arrested  as  the  result  of  certain  accidents 
or  diseased  c(mditions.  (See  p.  21)7.)  In  either  case,  the  strangulation  acts 
by  stopping  more  or  less  completely  the  whole  of  the  circulation  through  the 
part.  If  the  strangulation  be  sufiiciently  severe,  it  may  kill  the  tissues  out- 
right :  for  instance,  when  a  na3vus  or  a  pile  is  tied,  all  flow  of  blood  to  or 
from  the  part  is  suddenly  arrested,  and  its  vitality  is  destroyed,  the  tissues 
that  have  been  strangled  shrivelling  and  separating  by  ulceration  along  the 
line  of  ligature.  When  the  strangulation  is  not  so  severe  as  this,  great  con- 
gestion ensues,  consequent  on  the  amount  of  blood  sent  into  the  part  being 
greater  than  can  escape  by  the  veins,  ^^'hich  are  more  afl'ected  by  the 
constricting  force  than  the  arteries  ;  the  part  strangled  becomes  dark  and 
congested,  phlyctenaD  or  ^•esicles  arise  on  its  surftice,  and  effusion  takes  place 
into  its  tissue.  As  the  part  swells  the  compression  of  the  vessels  becomes 
more  powerful,  till  finally  the  flow  through  the  arteries  is  arrested  as  well  as 
that  through  the  veins ;  the  circulation  is  completely  arrested,  and  thus 
sloughing  arises.  All  this  we  find  in  the  constricted  gut  of  a  strangulated 
hernia. 

Gangrene  as  a  termination  of  Inflammation. — It  has  already  been 
pointed  out  (see  the  chapter  on  Infiammation)  that  all  the  causes  of  inflam- 
mation are  agents  which  tend  to  lower  the  vitality  of  the  parts  upon  which 
they  act,  and  that,  if  acting  with  sulficient  intensity,  they  bring  the  process  of 
inflammation  to  an  end  by  kilhng  the  tissues  upon  which  they  are  exerting 
their  influence.  The  efl'cct  produced  by  an  irritant  is  dependent :  first,  on  the 
intensity  of  the  irritant  itself ;  secondly,  in  many  cases  on  the  duration  of  its 
action  ;  and  thirdly,  on  the  power  of  resistance,  or,  in  other  words,  on  the 
vitality  of  the  tissues  upon  which  it  is  acting.  Thus,  to  take  an  example,  a 
mustard  plaster  if  applied  for  a  short  time  on  a  healthy  part  causes  simple 
inflammation  without  destruction  of  tissue  ;  if  it  be  of  sufficient  strength  and 
be  kept  on  a  longer  time,  it  Avill  cause  death  of  the  skin  upon  which  it  is 
acting.  Sup])osing,  however,  it  be  applied  to  the  skin  of  a  part,  the  vitality 
of  which  is  lowered  either  by  constitutional  causes  of  mal-nutrition,  such  as 
diabetes  or  Bright's  disease,  or  from  local  interference  with  nutrition,  or 
from  disease  of  the  arteries,  sloughing  may  result.  In  the  chapter'  on 
Inflammation  it  was  pointed  out  also  that  an  irritant  of  sufficient  intensity 
causes  arrest  of  the  circulation,  by  stasis,  in  the  vessels  of  the  part  npon  which 
it  acts,  and  that  this  condition,  unless  relieved,  must  terminate  in  gangrene. 
Lastly,  all  acute  inflammations  are  attended  by  migration  of  leucocytes,  with 
abundant  coagulable  exudation,  wliich  distends  the  lymph  spaces,  and  presses 
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on  tlie  vessels  of  the  iuflnnied  part,  thus  still  farther  arresting  the  cir- 
culation through  it.  In  gangrene  as  a  termination  of  inflammation  tiiere 
are  thus  three'  causes  involved :  lirst,  the  direct  injury  done  to  the 
tissues,  including  the  walls  of  the  vessels,  by  the  irritant  which  causes 
the  process  ;  secondly,  obstruction  to  the  circulation  from  within  by  stasis, 
and  thirdly,  obstruction  from  without  by  the  pressure  of  the  inflammatory 
exudation. 

The  relative  part  taken  by  these  different  causes  varies  in  different  forms  of 
gangrenous  inflammation.  In  some,  the  irritant  that  causes  the  process  is  so 
powerful  in  its  action,  or  as  it  is  more  commonly  exin-essed  in  clinical  lan- 
guage, the  intensity  of  the  inflammation  is  so  great  as  to  kill  the  part  almost 
directly,  however  healthy  its  texture  or  sound  the  constitution  of  the  patient 
may  be.  More  connnonly,  however,  it  is  not  so  much  the  actual  as  the  relative 
intensity  of  the  inflammation  that  destroys  the  part:  there  being  some  debility, 
local  or  constitutional,  by  which  the  resisting  power  is  lessoned.  Thus 
gangrene  arises  es]K'cially  in  persons  whose  tissues  have  become  degenerate  in 
consequence  of  old  age,  of  defective  food  or  of  other  materials  of  life,  or 
through  habitual  intemperance.  It  is  remarkable  to  observe  what  slight 
injuries  will  induce  gangrenous  inflammation  under  these  circumstances.  The 
nature  of  the  tissue  also  exei'cises  considerable  influence  ;  thus  areolar  tissue 
and  fasciae  slough  more  I'eadily  than  the  skin  or  muscles,  and  the  proper  tissue 
of  glands  is  seldom  so  aflectcd.  As  a  rule,  the  least  vascular  tissues  slough 
most  readily.  The  pressure  of  the  exudation  exerts  a  marked  influence  in 
many  forms  of  S])reading  gangrenous  inflammation  of  the  areolar  tissue. 
Thus  in  phlegmonous  erysipelas  free  incisions  may  avert  the  danger  of 
sloughing  of  the  skin  and  subcutaneous  tissue  by  relieving  tension  and  allow- 
ing a  ready  exit  for  the  inflammatory  exudation. 

CJangrene  may  form  the  termination  of  an  inflammation  arising  from  simple 
mechanical,  i)hysical,  or  chemical  irritants.  It  is  then  localized,  and  has 
little  tendency  to  spread  beyond  the  area  directly  injured.  It  is  much  more 
frequently  met  with  as  a  characteristic  feature  of  certain  forms  of  infective 
inflammation,  as  in  phlegmonous  erysipelas,  sloughing  phagedfcna,  hospital 
gangrene,  spreading  gangrene,  cancrum  oris,  or  malignant  pustule.  The 
special  features  of  infective  inflammations  ha\'e  been  already  pointed  out 
(p.  174  et  seq.).  In  the  gangrenous  forms  of  infective  inflammation,  death  of 
the  tissues  may  be  due  directly  to  the  intensity  of  the  virus,  as  in  liosj)itaI 
gangrene,  in  which  the  parts  are  destroyed  as  if  by  the  action  of  a,  powerful 
caustic  ;  or  to  the  disturbance  of  the  circulation  by  the  extent  and  abundance 
of  the  exudation,  as  in  phlegmonous  erysipelas,  in  which,  if  free  vent  be  pro- 
vided and  tension  relieved  by  incision,  the  death  of  the  tissue  may  be  pre- 
vented. Some  forms  of  gangrenous  inflammation  are  intensely  contagious,  as 
hospital  gangTcne  ;  others,  as  malignant  pustule,  arc  communicable  solely  by 
inoculation  ;  and  others  again,  as  cancrum  oris,  although  having  the  characters 
of  an  infective  inflammation,  arc  not  capable  of  being  carried  from  one 
patient  to  another. 

The  specific  rharacfor  of  the  inflammation  influences  greatly  the  disposition 
to  gangTcne  :  some  forms,  as  the  carbuncular,  invariably  resulting  in  the  loss 
of  vitality  of  the  part. 

Gangrene  consequent  on  inflammation  is  of  the  moist  or  acute  kind,  being 
always  connected  with  a  retention  of  blood  in  the  part  affected.  AVc  may 
VOL.  r.  ;5  L 
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regard  it  as  impending  in  a  part  that  has  hecome  inflamed  from  injuiy  or  other 
cause,  if  we  find  that  the  redness  becomes  of  a  dusky  or  purplish  hue  ;  that 
bulliB  filled  with  dark  fluid  rise  upon  the  surface  ;  that  the  swelHng,  at  first 
hard,  tense,  and  brawny,  Incomes  of  a  pulpy  or  dougliy  character  ;  that  the 
])ain  is  of  a  dull,  heavy,  or  burning  kind  ;  and  that  the  temperature  of  the 
part,  at  first  greatly  increased,  gradually  sinks.  We  know  that  gangrene  has 
taken  place  when  there  is  a  total  loss  of  the  sensibility  of  the  part,  e\-en  to 
pricking  or  pinching  ;  that  the  motion  of  tlie  part  itself  ceases  ;  that  its 
colour  changes  to  a  peculiar  mottled,  ]->urplis]i-recl,  or  greenish-black  hue, 
unlike  anytliing  else  in  tlie  body  ;  and  that  the  tem])erature  falls  to  a  level 
with  that  of  surrounding  air.  There  is  likewise  an  extremely  ofi'ensive  odour 
evolved,  differing  from  that  of  ordinary  imt  morlem  decomposition. 

The  Comtifidional  Sijmpfonis  are  always  those  of  fever,  with  marked  de- 
pression, often  assuming  the  character  of  septic  poisoning. 

Arrest  of  Gaxgrenk. — Certain  forms  of  gangrene  consequent  upon  in- 
fective inflammatory  processes  have  a  tendency  to  extend  indefinitely  until  the 
l^atient  succumbs  to  the  disease.  In  all  forms  of  spontaneous  gangrene,  and  in 
that  due  to  direct  injury  to  the  tissues,  the  progress  of  the  mortification  is  in 
most  cases  arrested,  and  the  dead  parts  are  separated  from  the  living.  When 
the  gangrene  reaches  a  part  of  which  the  vitality  is  too  great  to  be  destroyed 
by  the  operation  of  the  causes  which  have  ]Droduced  death  in  the  tissues 
beyond,  a  line  of  demarcation  is  formed.  The  process  by  which  the  sepa- 
ration of  the  dead  from  the  living  tissues  is  accomplished  has  been  fully 
described  in  the  chapter  on  Ulceration  (see  p.  255).  The  dead  parts  are  not 
tln'own  off  merely  by  disintegration,  but  by  a  vital  process,  that  of  ulceration, 

occurring  in  the  living  tissues.  The 
hne  of  ulceration  is  termed  the  line 
of  separation,  and  extends  along  the 
extreme  margin  of  the  liA'ing  tissues 
(Fig.  352). 

This  process  of   separation,  com- 
mencing at  the  edge  of  the  slough, 
slowly  extends  downwards  to  the  whole 
depth  of  the  gangrene  ;  if  this  affect 
7i^.zyi.^,mu.^^n^o^Yo.uu^coi  pj^ti^.^  thickness  of  the  limb,  the 

ulceration  will  find  its  way  completely 
across  it.  If  the  slough  be  more  superficial,  the  ulceration  extends  beneath  it. 
and  detaches  it  gradually.  The  line  of  separation  is  usually  oblique,  the  soft 
parts  being  first  divided,  and  the  hard  tissues  then  ulcerated  through,  until 
the  ligamentous  or  osseous  structures,  which  are  slowly  acted  upon,  are 
severed.  As  the  ulceration  extends  across  the  limb,  the  largest  arteries  and 
veins  are  cut  through  by  it,  without  the  occurrence  of  hemorrhage,  owing  to 
their  being  safely  occluded  by  thrombosis,  l)locking  them  from  the  line  of 
separation  to  the  nearest  large  collateral  branch  above  it.  The  period  required 
for  the  detachment  of  gangrenous  parts  varies  according  to  their  extent. 
Small  sloughs  may  be  detached  in  a  few  days,  Avhilst  many  weeks  are  required 
for  the  separation  of  a  limb.  The  action  is  most  rapid  in  soft  vascular  tissues 
and  in  young  subjects. 

After  the  separation  of  tlie  gangrenous  part,  a  more  or  less  ragged  irregular 
ulcerated  surface  is  left,  which,  if  not  too  extensive,  the  patient's  reparative 
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powers  being  iu  a  fiaourable  state,  will  cicatrize  by  the  same  process  as 
ordinary  ulcers. 

Diagnosis. — The  diagnosis  is  easily  effected  when  gangrene  is  fully  deve- 
loped ;  but  in  the  early  stages,  jjcfore  it  is  positively  declared,  it  is  not 
always  easy  to  determine  its  existence.  The  eccliymosis  and  discolouration  of  a 
bruise,  the  collapse  and  lividity  that  result  from  cold,  or  the  dark  ])urple  hue 
occasioned  by  long-continued  congestion,  may  readily  be  confounded  with  im- 
pending gangrene.  In  these  cases  of  doubt,  the  Surgeon  should  not  be  in  too 
great  a  hurry  to  pronounce  an  unftivourable  opinion,  and  still  less  to  act  upon 
it  ;  for  not  uncommonly  parts  of  the  body  which  have  to  all  appearance  lost 
their  vitality,  may,  under  proi)er  treatment,  regain  it. 

Prognosis. — So  far  as  the  part  itself  is  concerned,  the  prognosis  is  always 
bad  ;  though  occasionally,  when  gangrene  has  not  been  fully  established, 
partial  recovery  may  unexpectedly  take  place.  So  far  as  the  life  of  the  patient 
is  at  stake,  much  Avill  depend  on  the  cause  of  the  affection,  and  on  the  age  and 
strength  of  the  individual ;  at  advanced  periods  of  life,  and  in  a  feeble  state  of 
system,  the  result  is  always  unl'a\'Ourablc.  Also  whilst  the  gangrene  is  S]ircad- 
ing,  the  prognosis  is  bad,  as  it  is  impossible  to  say  uliere  the  morbid  process 
may  stop  ;  but  when  a  "  line  of  demarcation  "  has  formed,  indicating  the  pos- 
session of  a  certain  ^■igour  of  constitution,  the  ]n-incipal  danger  is  over,  and 
the  result  will  depend  on  the  strength  of  the  patient,  and  the  sujiiDort  that  can 
be  gi\-en  during  the  processes  of  separation  and  of  repair. 

TiiEATMKXT. — As  gangrene  proceeds  from  a  great  variety  of  causes,  it  is 
evident  that  no  one  i)lan  of  treatment  can  be  universally  applied  ;  and  it 
becomes  necessary  to  modify  our  therapeutical  and  operative  means,  not  only 
according  to  the  cause  of  the  disease,  but  also  with  special  reference  to  the 
constitution  of  the  patient,  and  with  regard  to  the  stage  in  which  we  meet 
with  the  gangrene  ;  and,  indeed,  it  often  requires  great  tact  and  experience 
to  accommodate  the  treatment  in  this  way  to  the  varying  phases  of  the 
disease. 

The  Constitutional  Treatment  of  gangrene  is  of  the  highest  importance, 
more  especially  in  the  spontaneous  forms  of  the  affection.  It  has  three  prin- 
cipal aims  :  1.  To  remove  the  cause  if  possible,  and  thus  to  arrest  the  uanfjrem. 
'2.  To  support  the  poirers  of  ths  syatem  during  the,  process  of  the  separation 
of  the  sloKfjhs  and  dead  tissues  ;  and  3.  To  tessen  the  'irritahiHiij  of  the  mrvous 
system. 

].  In  attempting  to  remove  the  const dutional  cause  wo  must  bear  in  mind 
that  constitutional  conditions  most  commonly  act  only  as  predisposing  causes 
of  gangrene,  the  death  of  the  part  being  determined  by  some  local  affection. 
The  constitutional  conditions  which  predispose  to  gangrene,  such  as  want  of 
food,  diabetes,  Bright's  disease,  fevers,  feebleness  of  the  heart's  action,  or 
general  arterial  degeneration,  are  all  associated  with  debility.  Depressing 
remedies  must  therefore  be  avoided  even  in  the  inflannnatory  forms  of  the 
affection. 

Inflammatory  fever,  however  high  it  may  be  in  the  early  stages,  rapidly 
gives  way,  after  gangrene  has  set  in,  to  symptoms  of  an  asthenic  type.  It  is 
only  before  the  occurrence  and  during  the  sjiread  of  gangrene,  that  the  use  of 
lowering  remedies  could  possibly  be  suggested  :  for,  when  once  gangrene  has 
ceased  to  extend,  however  high  the  fever  may  have  been  that  accompanied 
its  progress,  all  the  powers  of  the  constitution  will  be  required  to  maintain  the 
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process  of  separation  of  the  sloughs,  if  they  bo  extensive  and  deep.  Venesec- 
tion is  never  reiiuired  in  any  form  of  gangrenous  inflammation.  An  enfeebled 
state  of  the  circulation  of  the  part  of  the  system  generally  may  equally  occa- 
sion or  complicate  gangrene.  In  the  forms  of  gangrene  consequent  upon 
specific  iufectix  e  inflannnations,  however  acute  the  symptoms  may  l)e,  deple- 
tion is  never  necessary.  It  would  only  render  the  tissues  less  able  to  withstand 
the  effects  of  the  specific  irritant  which  is  causing  the  process.  In  all  inflam- 
matory forms  of  gangrene  the  diet  should  at  first  be  light  but  nutritious  ;  and 
the  patient  should  be  put  to  bed,  Avith  the  aff'ected  part  elevated,  and  in  many 
cases  a  brisk  purgatiA-e  at  the  commencement  of  the  treatment  enables  him  to 
take  his  food  better.  As  the  disease  advances  mild  tonics  may  Ijc  given,  and 
in  the  later  periods,  when  the  constitutional  symptoms  become  asthenic,  stimu- 
lants should  be  administered.  The  best  stimulants  are  wine  or  porter,  accord- 
ing to  the  patient's  habits  of  life  ;  and  these  should  be  given  in  combination 
with  nourishment,  so  as  not  merely  to  raise  the  pulse,  l)ut  to  pi-oduce  a 
more  permanent  tonic  influence  on  the  system  generally.  If  much  depres- 
sion occur,  the  medicinal  stimulants,  especially  ether,  ammonia,  and  camphor, 
are  of  material  service.  The  only  tonics  that  are  of  much  value  here,  arc 
the  preparations  of  cinchona  bark  and  some  of  the  vegetable  bitters,  as 
gentian  and  cascarilla  ;  and  though  the  specific  virtues  that  were  formerly 
attributed  to  them  can  no  longer  be  accorded,  yet  when  they -do  not  irritate 
the  stomach,  they  are  of  unquestionable  service  in  coml)ating  the  asthenic 
symptoms,  and  improving  the  digestive  powers.  In  these  cases  I  look  upon 
cinchona  bark,  in  combination  Avith  chlorate  of  potash  and  ammonia,  as  of 
undoubted  value. 

As  a  great  part  of  the  constitutional  disturl)ance  in  most  cases  of  gangrene 
is  due  to  the  absorption  of  the  products  of  putrefaction  from  the  dead  tissues, 
much  can  be  done  to  relieve  the  symptoms  by  the  efficient  local  use  of  anti- 
septics. 

2,  After  the  ]troper  employment  of  means  calculated  to  remove  the  consti- 
tutional cause  of  the  gangrene,  the  sijsfem  Diust  he  supporied  atjainst  the  dchili- 
{ati)ig  'uifliinu-ps  that  accompcmij  the  process  of  ulceration  and  of  suppuration 
necessary  for  the  separation  of  the  mortified  parts.  During  this  period,  there 
is  less  fever  but  more  debility,  and  stronger  tonics  and  stimulants  can  be 
borne  ;  but  Ave  should  be  careful  not  to  overstimulatc  the  patient.  On  this 
point  it  is  extremely  difficult  to  lay  doAvn  any  precise  rule  ;  every  possilde. 
variety  as  to  the  quantity  and  quality  of  food  and  stimulant  being  required  by 
different  individuals.  The  safest  guides  are  the  state  of  the  pulse  and  tongue  ; 
if  they  imjirove,  the  means  employed  agree.  At  the  same  time  hygienic 
measures  should  be  carefully  attended  to  ;  cleanliness  and  free  ventilation, 
Avith  the  abundant  use  of  disinfectants,  are  of  the  first  moment. 

8.  The  third  indication,  that  of  lesseninfj  the  irriiahilitij  of  tlte  si/.stem  that 
ahvays  supervenes,  and  Avhich  is  partly  oAving  to  the  seA'erity  of  the  pain,  and 
partly  to  the  shaken  and  depressed  state  of  the  nervous  system,  is  best  carried 
out  by  the  administration  of  opium  ;  and  although  this  drug  may  not  act  as  a 
specific,  as  Pott  supposed,  yet  in  many  cases,  and  especially  in  the  gangrene 
of  the  toes  and  feet  of  old  people,  it  is  undoubtedly  a  remedy  of  the  greatest 
value.  A  gi-ain  of  solid  opium  may  be  administered  advantageously  every 
sixth,  eighth,  or  twelfth  hour,  according  to  the  effect  Avhich  it  is  found  to 
produce  ;  care  being  taken  that  the  boAvels  do  not  become  confined.  The 
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hiccup,  which  is  often  distressing,  is  Iwst  remedied  by  the  administratiou  of 
spirits  of  chloroform  and  camphor. 

Local  Treatment. — (Jangrcue,  wlieu  threatening  as  the  result  of  inflam- 
mation, may  often  be  i>revented  by  free  incisions  into  the  inflamed  and  tense 
tissues.  Punctures  are  not  sufficient,  but  free  incisions  two  or  three  inches 
long,  should  be  made,  which  by  gaping  widely  allow  the  escape  of  blood  and 
other  fluids,  and  thus  clfectually  relieve  the  vessels  and  the  tissues.  This  is 
more  especially  the  case  where  there  is  much  loose  areolar  tissue,  as  in  the 
penis  or  scrotum  ;  or  indeed  in  any  ]iart  in  which  much  tension  results  from 
the  inflammation.  The  relief  of  local  leiisioii  is  of  the  first  importance  in  cases 
of  inflammation  threatening  to  terminate  in  gangrene.  By  a  free  incision 
through  the  structures  so  afl'ected,  as  in  phlegmonous  erysipelas,  not  only  may 
the  vitality  of  the  affected  tissues  be  preserved,  but  the  extension  of  gangrene, 
if  it  have  already  set  in,  may  be  arrested,  and  the  constitutional  disturbance 
at  once  lessened.  By  incision,  also,  irritating  effusions  and  infiltrations  arc 
discharged,  and  thus  one  cause  of  sloughing  is  removed. 

In  the  non-inflammatory  form  of  the  disease,  as  soon  as  it  is  evident  that  a 
part  is  about  to  become  gangrenous  it  should  be  carefully  washed  with  wami 
carbohc  acid  lotion  (1  in  4o).    This  solution  is  not  of  sufficient  strength  to 
cause  any  irritation  of  the  unbroken  skin.    Having  thus  rendered  the  surfiice 
as  fiir  as  possible  aseptic,  the  Avhole  limb  should  be  thickly  wrapped  in 
salicylic  wool,  or  it  may  be  sprinkled  with  iodoform  and  afterwards  covered 
with  iodoform-wool.    By  this  treatment  offensive  decomposition  may  often 
be  prevented.    Carbolic-acid-dressings  should  not  be  applied,  as  they  are  too 
irritating  and  might  cause  extension  of  the  mischief.    The  dressing  should 
not  be  disturbed  uidess  the  smell  indicates  that  decomposition  is  taking  place 
beneath  it.    At  a  later  stage  the  same  treatment  may  be  continued,  or  the 
parts  that  arc  already  gangrenous  may  be  en^■eloped  in  lint  soaked  in  warm 
solutions  of  carbolic  acid,  boracic  acid,  chloride  of  zinc,  or  creasote,  or 
dusted  with  ciiarcoal  i)owder  and  covered  with  a  layer  of  wadding.  No 
poultices  should  be  applied  if  the  sloughs  be  large,  heat  and  moisture 
hastening  their  decomposition  ;  but  if  they  be  small,   yeast  or  charcoal 
poultices  may  be  advantageously  applied.    The  sqmratiou  of  tlie.  sloughs  should 
be  left  as  much  as  possible  to  nature,  which  is  always  fully  able  to  accomplish 
this,  if  the  ])atient's  strength  can  be  kept  np.    The  vitality  of  the  tissues  in 
the  proximity  of  and  above  the  line  of  separation  is  \ery  low,  and  may 
readily  be  destroyed  by  any  operative  interference,  there  being  always  a  danger 
of  exciting  inflammation  to  such  a  degree  as  to  cause  it  to  run  into  the 
gangrene.    Hence  no  attempt  should  be  made  to  pull  away  sloughs  not  already 
separated,  nor  should  stimulants  be  ajiplied  to  the  living  tissues.    It  matters 
little  as  to  what  is  done  to  parts  already  dead,  which,  when  loosened,  may  be 
cut  away  ;  but  we  must  not  meddle  with  those  that  are  li\ing.  Htemorrhage 
seldom  occurs  before  the  separation  of  tlie  sloughs,  but  there  is  always 
danger  of  its  ha])pening  dm-ing  that  process.    If  it  occur,  pressure  or  the 
actual  cautery  will  be  found  the  best  means  to  arrest  it  :  and,  if  these  foil, 
ligature  of  the  artery  higher  up  the  limb,  or  amputation  when  practicable, 
might  be  required. 

Parts  that  are  quite  dead,  but  that  do  not  readily  separate,  such  as  tendons, 
ligaments,  and  bones,  may  be  cut  through  with  scissors,  ]:)liers,  or  saws,  and 
thus  many  weeks  or  months  saved  in  their  separation.    It  may  occasionally 
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Ix;  necessarj  in  doing  this  to  encroach  on  the  h\  ing  tissues  ;  this  should  he 
done  as  carefully  and  as  sparingly  as  possible,  for  reasons  already  stated. 

The  line  of  separation  should  be  dressed  with  some  mild  antiseptic  lotion  or 
ointment,  in  order  to  kee]i  the  surface  clean  and  to  prevent  the  absorption  of 
septic  discharges.  If  sloughs  do  not  readily  sei)arate,  the  balsam  of  Peru 
either  pure  or  diluted  with  yolk  of  egg,  or  very  dilate  niti-ic  acid  and  opiate 
lotions,  are  the  most  useful  ap])lications.  After  the  separation  of  the  sloughs, 
the  ulcerated  surfiice  must  be  treated  on  general  principles. 

The  Treatment  of  Senile  Gancrene,  presenting  some  peculiarities, 
requires  a  few  words  to  be  specially  devoted  to  it. 

Constitutional  Treatment. — By  some  Surgeons  this  disease  has  been 
treated  on  a  strictly  antiphlogistic  plan,  on  the  supposition   that  the 
obstruction  of  the  arteries  is  caused  by  infiamniatiou  of  their  coats.  Since, 
however,  it  has  been  clearly  ])rovcd  that  no  such  process  takes  place,  and 
that  senile  gangrene  always  results  from  chronic  degenerative  changes  in  the 
vessels  of  the  liml)  by  which  the  sup])ly  of  blood  is  diminished  below  that 
necessary  to  maintain  the  vitality  of  the  tissues,  such  treatment  has  been 
altogether  abandoned.    If  blood  Avere  abstracted  from  the  system  and  the 
action  of  the  heart  weakened,  the  cause  of  the  disease  would  only  be 
aggravated.    But,  though  depletory  measures  are  not  admissible,  we  must 
guard  against  running  into  the  opposite  extreme,  and  over-stimulating 
patients  labouring  under  this  disease.    Senile  gangrene  commonly  occurs  in 
individuals  belonging  to  the  wealthier  classes  of  society,  who  have  lived  high, 
taken  insufficient  exercise,  and  consequently  induced  an  irrital)le,  plethoric, 
but  enfeebled  state  of  system.    In  many  cases  the  patients  are  of  a  gouty 
habit,  and  occasionally  the  inflammation  that  precedes  the  development  of 
the  gangrene  appears  to  be  of  this  nature.    In  this  condition  stimulants  and 
the  more  powerful  tonics  are  not  well  borne  ;  they  accelerate  the  pulse,  and 
interfere  with  digestion.    As  Brodie  observes,  it  is  of  great  importance  iu 
this  disease  to  attend  to  the  state  of  the  digestive  organs,  in  order  that 
nutrition  may  go  on,  and  that  l)lood  of  a  proper  quality  may  be  made.  In 
order  to  accomplish  this,  a  light  nourishing  diet,  partly  animal  and  partly 
vegetable,  should  be  given,  and  a  moderate  quantity  of  wine,  beer,  or  l)randy 
allowed.    The  bowels  must  be  relieved  Xvom  time  to  time  by  a  rhubarb  draught 
or  simple  aperient  pill.    Mercury  depresses  the  ]iatient,  and  hence  it  should 
not  be  used  as  an  aperient  in  any  form  in  this  disease,  unless  the  state  of  the 
liver  imperatively  demand  it.    If  the  digestion  become  impaired,  a  stomachic, 
as  the  infusion  of  cascarilla  or  the  compound  infusion  of  gentian  with  a  little 
ammonia,  may  be  administered.    The  administration  of  opium  in  these  cases, 
as  originally  I'ecommended  by  Pott,  has  received  the  sanction  of  almost  every 
practical  Surgeon,    lirodie's  opinion  on  this  ])oint  is  especially  valuable  ;  he 
says,  "  If  I  am  not  greatly  mistaken,  the  result  of  a  particular  case  will  very 
much  depend  on  this — whether  opium  does  or  does  not  agree  with  the  patient." 
From  two  to  four  grains  of  opium  maybe  administered  in  divided  doses  in  the 
course  of  twenty-four  hours  ;  the  quantity  being  increased  as  the  system 
becomes  accustomed  to  its  eifects.    If,  however,  it  disturb  the  stomach  and 
occasion  headache,  notwithstanding  the  use  of  aperients,  as  will  often  happen 
when  there  is  febrile  disturbance  in  persons  of  a  full  habit  of  body,  it  must  be 
discontinued.    The  pain  in  the  foot,  which  is  often  very  severe  during  the 
progress  of  the  disease,  usually  ceases  of  itself  when  the  mortification  is 
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iH)mplete  ;  ami  before  this,  it  is  but  little  iuflaeucecl  by  any  sedatives,  whether 
constitutionally  or  locally  applied. 

it  may  be  stated  generally  that  in  those  cases  in  which  there  is  much  fever, 
in  which  the  tongue  is  loaded,  the  pulse  quick,  and  the  skin  hot,  in  which  the 
spread  of  the  gangrene  is  preceded  by  a  red  angry  blush,  with  much  pain  and 
heat,  moderate  diet  and  mild  tonics  will  be  most  useful  :  whilst,  on  the  other 
hand,  when  it  is  simply  a  shrivelling  of  the  toes  and  feet,  without  any  pre- 
ceding local  inflammation,  or  febrile  disturbance,  a  decided  tonic  or  stimulatiug 
plan  will  succeed  best. 

The  Local  Means  to  be  employed  m  senile  gangrene  are  simple.  It  is  of 
great  importance  to  keep  up  the  temperature  of  the  limb,  and  to  encourage 
the  flow  of  blood  to  the  affected  part  as  much  as  possible  ;  this  is  best 
done  by  the  application  of  salicylic  or  iodoform-wool,  or  in  the  absence  of 
these,  of  simple  cotton-wool,  in  thick  layers  around  the  foot  and  leg,  so  as  to 
envelop  the  limb  completely  in  this  material,  over  which  a  large  worsted 
stocking  may  be  drawn,  or  a  silk  handkerchief  stitched.  This  dressing  need 
not  be  removed  more  than  once  or  twice  a  week,  unless  there  be  much  dis- 
charge from  the  line  of  separation,  Avhen  it  must  be  changed  more  frequently  ; 
the  gangrenous  part  itself  may  be  well  powdered  Avith  iodoform,  or  may  bo 
simply  left  to  dry  beneath  the  cotton-wool.  Should  the  gangrene  be  of  the 
moist  variety  the  dead  parts  may  be  painted  with  carbolic  acid  and  glycerine 
(1  in  5),  or  some  such  powerful  antiseptic,  before  being  covered  with  wool. 
When  the  soft  parts  have  been  sejmrated,  and  the  bones  of  the  foot  exposed, 
these  should  be  cut  across  by  cutting  pliers  or  a  small  saw,  and  the  sores  that 
result  dressed  in  the  ordinary  way  with  some  mild  antiseptic  lotion  or  slightly 
stimulating  ointment.  The  balsam  of  Peru,  either  pure  or  diluted  with  an 
equal  part  of  yolk  of  egg,  is  a  very  excellent  application  in  these  cases.  In 
the  eve]it  of  recovery,  the  patient  must  be  careful  to  avoid  exposure  to  cold 
and  to  keep  the  legs  warmly  clad  at  all  seasons  of  the  year. 

AMruTATiox  IN  Gaxgrexp;.— The  questiou  of  Amputation  in  cases  of 
gangrene  of  the  limbs  is  of  great  importance  to  the  practical  Surgeon,  and 
is  one  on  certain  points  of  which  the  opinions  of  the  best  practitioners 
still  vary.  At  first  sight  it  appears  rational  to  cut  off'  a  limb  that  is  dead, 
and  offensive  ;  and  with  propriety  this  may  be  done  when  the  gangrene  is, 
strictly  speaking,  a  local  condition,  as,  for  instance,  the  result  of  a  severe 
injury  :  any  affection  of  the  constitution  in  such  a  case  being  secondary  to  the 
local  mischief,  and  dependent  on  absorption  of  the  products  of  putrefaction  ft-om 
the  decomposing  tissues.  "When  it  arises  from  wounds  or  hgaturc  of  an  artery 
we  usually  amputate  at  once.  For  the  reasons  which  have  been  given 
(pp.  ;^)21,  444),  the  operation  should  be  performed  as  soon  as  the  gangrene 
has  unequivocally  manifested  itself,  Avithout  waiting  for  the  line  of  demarcation. 

There  are  two  exceptions  to  the  rule  of  amputating  in  traumatic  and  local 
gangrene  before  the  occurrence  of  the  line  of  demarcation ;  viz.,  gangrene  from 
frost-bite,  and  that  from  severe  burns.  In  these  injuries  it  is  better  to  wait 
for  the  formation  of  the  line  of  separation,  and  then  to  fashion  the  stump 
through  or  just  above  it  as  the  circumstances  of  the  case  require. 

The  question  of  amputation  in  those  forms  of  gangrene  consequent  on 
specific  infective  processes,  as  phlegmonous  erysipelas,  spreading  traumatic 
gangrene,  or  hospital  gangrene,  will  be  fully  considered  with  those  diseases. 
Such  operations  often  give  the  only  chance  of  life,  but  their  results  are  on  the 
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^•hole  very  unfavourable,  the  patient  usually  sinking  from  a  recurrence  of  the 
disease  in  the  stump,  or  from  the  constitutional  disturbance  that  had  previously 
set  in. 

In  aponiaiwom  (jaiKjmie  from  disease  of  tiie  arteries,  it  is  a  golden  rule  in 
surgery  not  to  auii)utate  until  the  line  of  separation  has  formed  :  for,  as  it  is 
impossible  in  these  cases  to  say  -where  the  mortification  will  stop,  the  amputa- 
tion might  be  done  either  too  high  or  not  high  enough.  It  is  not  even 
sufficient  in  cases  of  this  kind  to  wait  until  the  line  of  demarcation  has  formed 
before  removing  the  limb  ;  these  cases  of  8[)Ontaneous  gangrene  having  often 
a  tendency  to  remain  stationary  for  some  days,  and  tlien,  creeping  on,  to  over- 
step the  line  by  which  they  had  at  first  appeared  to  be  arrested.  Besides  this, 
the  local  disturbance  and  inflammation  set  up  by  the  amputation  might  be  too 
great  for  the  lessened  ^'itality  of  the  part,  and  might  of  itself  occasion  a  recur- 
rence of  the  gangrene.  Hence  in  these  cases  it  is  always  well  to  wait  until 
the  line  of  separation  has  ulcerated  so  deeply  that  there  is  no  chance  of  the 
gangi-ene  overleaping  this  barrier,  at  the  same  time  that  means  arc  taken,  by 
the  administration  of  tonics,  nourishing  food,  Arc,  to  improve  the  patient's 
strength  and  fitness  for  the  operation.  So  soon  as  this  has  been  done  in  a 
satisfactory  manner,  and  all  the  soft  parts,  except  the  ligaments,  haA'c  been 
ulcerated  through,  the  mortified  part  should  be  separated  by  cutting  through 
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the  remaining  osseous,  ligamentous,  or  tendinous  structures,  and  then  means 
should  be  taken  to  fashion  the  stump  that  has  been  formed  by  nature.  In 
some  cases  this  will  be  sufficiently  regular  to  serve  every  useful  purpose  after 
it  has  cicatrized.  In  most  instances,  however,  the  stump  is  more  irregular 
and  unsightly  (a  result  of  which  the  accompanying  drawing  (Fig.  oHo)  is  a 
good  illustration)  ;  and  the  bones  protrude  to  such  an  extent  that  it  is 
necessary,  in  order  to  give  the  patient  an  useful  limb,  to  amputate  through 
the  face  of  the  stump,  or  higher  up.  All  this  must  be  left  to  the  discretion  of 
the  Surgeon  ;  but  no  procedures  of  this  kind  should  be  undertaken  until  the 
patient's  strength  has  been  restored  sufficiently  to  bear  the  operation. 

In  (jamjrem  from  embolism,  the  amputation  may  as  a  rule  be  performed  at 
an  earlier  period,  provided  the  patient's  general  condition  is  such  as  to  justify 
the  operation,  but  it  should  not  be  undertaken  until  the  supply  of  blood  to 
the  tissues  immediately  above  the  gangrenous  parts  is  fully  restored,  and  a 
good  line  of  demarcation  has  formed,  close  to  which  the  incisions  may  safely 
be  carried. 

In  senile  ijamjrciie  it  has  been  proposed  to  amputate  the  thigh  high  up. 
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This  practice  lias  been  successfully  adopted  by  Garlike,  James  of  Exeter,  and 
others,  and  certainly  appears  to  deser\'e  a  trial  in  all  cases  in  which  the  health 
is  otherwise  good  and  the  constitution  tolerably  sound.  It  has  not  as  yet  been 
adopted  in  a  sufficieut  number  of  cases  to  warrant  a  positive  opinion  on  its 
merits  ;  but  it  would  appear  that,  for  its  success,  the  amputation  should  be 
done  high  up  in  the  thigh,  so  that  there  may  be  a  better  clmnce  of  meeting 
with  a  healthy  condition  of  the  vessels  and  good  vitality  in  the  limb  ;  the 
ojKTation  being  performed  on  the  principle,  that  tins  form  of  gangrene  is 
dependent  on  local  disease  obstructing  the  vessels  of  the  part,  and  not  on 
constitutional  causes. 

BED-SORES. 

When  a  part  of  the  body  is  compressed  too  severely,  or  for  too  long  a  time, 
even  in  a  healthy  person,  it  loses  its  vitality,  and  a  limited  slough  results  ; 
this  separates,  and  an  ulcer  is  left,  which  cicatrizes  in  the  usual  way.  But 
in  certain  deranged  states  of  the  health,  more  especially  when  the  blood  is 
vitiated,  and  the  constitutional  powers  loAvered,  as  during  fever,  or  when  the 
heart  is  diseased  and  w^eakened,  more  particularly  if  the  patient  be  old  and 
•debilitated,  or  if  innerA'ation  be  acutely  affected,  and  he  be  paralysed,  the  skin 
covering  those  points  of  the  body  that  are  necessarily  pressed  upon  in  the 
recumbent  position,  such  as  the  sacrum,  the  trochanters,  the  elbows,  shoulders, 
and  heels,  becomes  congested  and  inflamed,  assuming  a  dull  reddish-brown 
colour,  and  speedily  becomes  excoriated,  often  without  any  pain  being  felt 
by  the  patient.  One  gi'eat  cause  of  bed-sores  is  undoubtedly  bad  nursing. 
It  would  not  be  just  to  say  that  a  bed-sore  is  always  the  result  of  neghgent 
nursing,  but  it  may  truly  be  said  that  the  chance  of  the  formation  of  bed- 
sores, and  their  severity  when  fonned,  will  be  increased  or  diminished  in  the 
exact  ratio  of  the  negligence  or  care  of  the  nurse.  It  is  not  so  much  the  actual 
severity  of  the  pressure  that  occasions  a  bed-sore,  as  moderate  long-continued 
pressure  a]iplied  to  a  part  congested  by  position  in  a  patient  enfeebled  by 
disease  or  want.  If  means  be  not  taken  to  relieve  the  part  from  the  injurious 
comjiression  to  w'hicli  it  is  subjected,  and  more  especially  if  it  be  allowed  to 
become  irritated  by  the  contact  of  faeces  or  urine,  the  subcutaneous  areolar 
tissue  corresponding  to  the  inflamed  patch  will  be  converted,  with  the  skin 
covering  it,  into  a  tough  greyish  slough,  from  under  which  a  thin  ichorous 
pus  exudes.  This  slough  may  extend  by  a  process  of  undermining  of  the 
integuments  covering  it  ;  and  on  its  separation  extensive  mischief  will  be 
disclosed,  the  fascia  and  muscles  being  exposed,  or  the  bones  even  laid  bare, 
•and  soon  becoming  roughened  and  carious.  In  some  cases,  even  the  inferior 
aperture  of  the  spinal  canal  may  be  laid  open,  and  death  result  from  septic 
meningitis.  In  other  cases,  the  jiatient  is  worn  out  by  discharge  and  irrita- 
tion, or  perishes  from  jiytcmia  or  septicffiraia. 

Treat.aient. — This  is  in  a  great  measure  preventi\-e.  AVhen  a  patient  is 
likely  to  be  confined  to  l)ed  for  many  weeks,  especially  by  exhausting  disease, 
steps  should  be  taken  by  proper  an-angcment  of  the  pillows,  and  by  the  use  of 
a  water-bed  or  cushions,  to  prevent  pressure  from  being  injuriously  exercised 
upon  any  one  part.  If  the  patient  be  uiuible  to  move  himself  his  position 
should  be  changed  by  the  nurse  at  regular  intervals.  At  the  same  time,  cleanli- 
ness and  dryness  should  be  carefully  pro\-ided  for  by  proper  nursing,  by  the  use 
of  a  draw-sheet,  and  furnishing  the  bedstead  with  the  necessary  aiTangements 
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for  using  the  bed-pan.  Sec.  The  back  slionld  be  periodically  examined  by 
the  Surg-cou  liimself.  The  skin  on  the  exposed  parts  may  be  protected  by  the 
appHcaSon  of  collodion  or  soap-plaster  spread  npon  wash-leather  or  amadou, 
or  isinglass  on  felt  ;  or,  Avhat  is  better,  it  maybe  strengthened  by  being  washed 
with  spirits  of  wine.  In  some  cases  inuch  benefit  is  derived  by  tui'iiing  the 
patient  on  his  side  and  employing  frictions  of  brandy  and  glycerine  in  equal 
parts.  If  the  skin  has  become  reddened  it  should  be  painted  with  a  solution 
of  nitrate  of  silver,  of  gr.  v.  to  5]'. 

If  the  skin  have  become  chafed,  the  removal  of  pressure  is  imperative,  and 
the  abrasion  may  be  washed  over  with  collodion.  If  a  sore  have  formed,  it 
may  be  dressed  with  the  balsam  of  Peru,  either  pure  or  with  zinc  or  boracic 
acid  ointment,  spread  upon  lint.  In  some  cases  also  the  prone  couch  may 
occasionally  be  advantageously  substituted  for  the  ordinary  bed  previously 
employed.  When  sloughs  have  formed,  their  separation  must  be  facilitated 
by  the  use  of  moist  antiseptic  dressings,  as  boracic-acid-lint  and  lotion,  and 
the  ulcers  that  are  left  should  be  treated  on  ordinary  principles,  the  utmost 
attention  being  paid  to  cleanliness  by  the  use  of  antiseptic  lotions  ;  but  no 
dressing  that  the  Surgeon  can  apply  will  cause  these  ulcers  to  clean,  and 
still  less  to  heal,  unless  pressure  be  removed  and  the  patient's  general  health 
improve,  when  they  Avill  speedily  cicatrize  under  the  most  simple  treatment. 

BOILS. 

A  Boil  is  a  localized  inflammation  affecting  the  skin  and  subcutaneous 
tissue  terminating  in  the  formation  of  a  small  conical  slough  of  areolar  tissue 
called  the  core,  around  which  sujjpuration  takes  place,  the  dead  tissue  being- 
finally  separated  and  discharged  by  an  opening  through  the  skin.  The  inflam- 
mation starts  in  connection  Avith  a  hair,  but  whether  from  the  follicle  itself  or 
from  the  sebaceous  gland  is  uncertain  ;  probably  it  may  commence  in  either 
situation.  It  begins  as  a  small  red  pimple,  through  the  middle  of  which  the 
hair  may  often  be  seen  protruding.  From  this  the  inflammation  extends  into 
the  subcutaneous  tissue,  it  is  accompanied  by  abundant  coagulable  exudation, 
so  that  the  inflamed  area  becomes  raised  aboA'e  the  surrounding  parts,  forming 
a  hard  circumscribed  tumour  of  a  violet  or  purplish-red  colour,  conical  in  form, 
but  flattened  at  the  top.  On  the  summit  of  this  a  vesicle  forms  which  bursts, 
leaving  a  grey  slough  exposed,  which  is  gradually  loosened  by  suppuration 
around  it,  and  discharged  usually  by  a  single  opening,  after  which  the  small 
cavity  heals  rapidly.  In  the  early  stages  there  are  itching  and  tenderness,  but 
as  the  tension  and  hardness  increase  it  becomes  extremely  painful  and  annoy- 
ing. Boils  are  always  seated  on  parts  provided  with  hair,  the  most  commoa 
situations  being  the  back  of  the  neck,  the  shoulders,  nates,  and  hands.  They 
seldom  occur  singly,  one  usually  following  another  for  some  weeks  or  even 
months.  The  nearest  lymphatic  glands  are  usually  swollen,  but  very  rarely 
suppurate.  In  some  cases  the  inflammation  subsides  without  sloughing  or 
suppuration,  and  the  boil  is  then  said  to  be  hlind. 

Causes. — Boils  most  frequently  occur  in  young  people,  Imt  are  common 
enough  at  all  ages.  They  are  met  with  sometimes  in  very  plethoric,  and  some- 
times in  enfeebled  constitutions,  often  following  some  of  the  more  severe 
febrile  diseases,  and  attending  convalescence  from  them  ;  they  are  not  un- 
common in  diabetic  subjects.    The  boils  which  often  break  out  durino-  trainino- 
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lor  athletic  cotitosts  arc  supposed  to  be  due  to  a  too  exclusively  animal  diet. 
Sometimes  boils  may  be  traced  to  exposure  to  sewcr-g-as.  lii  other  cases,  the 
system  ajipears  to  have  fallen  into  a  cachectic  state,  often  without  any  evident 
cause,  and  this  terminates  by  a  critical  eruption  of  boils.  A  sudden  change 
in  the  habits  of  life,  as  from  sedentary  to  active  pursuits,  a  course  of  sea- 
bathing-, &c.,  will  also  occasion  them.  They  are  conmionly  met  with  in  the 
8])ring  of  the  year,  but  may  occur  at  all  seasons,  and  are  occasionally 
ei)idemic. 

Local  irritation  is  also  a  common  cause,  as  in  the  case  of  boils  on  the  liands 
from  the  contact  of  deconntosing  animal  nmtter  in  post  mortem  examinations, 
or  on  the  nates  from  the  friction  in  rowing. 

Trkat^iext. — The  Constitutional  Condition,  on  which  the  disease  is 
dependent,  requires  to  be  carefully  attended  to.  No  one  remedy  is  capable  of 
curing  boils.  The  disease  is  the  result,  in  some  cases,  of  fault  or  defect  in 
nutrition  ;  and  the  gradual  modification  and  impro\-ement  of  those  processes 
that  are  subserx  ient  to  it  are  necessary  ))efore  the  local  affection  will  cease 
to  appear.  In  other  instances,  it  appeal's  to  be  due  to  want  of  proper 
elimination  of  effete  materials.  Hence  less  is  often  to  be  expected  from 
medicines  in  these  cases,  than  from  a  general  regulation  of  the  hygienic  con- 
dition of  the  patient.  JSature  will  do  more  for  his  recovery  than  art  ;  and  the 
utmost  that  the  practitioner  can  do  is  to  administer  such  remedies  as  will 
assist  in  the  improvement  of  the  constitutional  condition.  If  it  be  debilitated 
and  cachectic,  iron,  quinine,  sarsaparilla,  and  cod-liver  oil  ;  if  it  be  plethoric, 
and  the  system  loaded,  i3urgatives,  salines,  and  liquor  potassa;  Avill  be  appro- 
})riate.  ]n  the  one  case  an  al)undant  nourishing  diet,  in  the  other  case  a  spare 
and  simi)le  one,  with  avoidance  of  stimulants,  will  be  required.  In  some  cases 
empirical  means  are  of  service.  Thus,  when  the  disease  is  associated  with 
pompholyx,  or  preceded  by  })ainful  vesicles,  arsenic  may  be  of  benefit.  In 
other  instances,  yeast  or  charcoal  has  been  advantageously  given.  Ringer 
strongly  recommends  the  administration  of  sulphide  of  calcium  both  for  pre- 
venting the  formation  of  fresh  boils  and  hastening  the  separation  of  the  slough 
in  those  that  have  already  appeared.  A  tenth  of  a  grain  may  be  given  hourly 
or  e^'ery  two  or  three  hours. 

The  Loral  Treatment  is  simple.  "When  the  boil  is  in  its  earliest  stage,  if  a 
hair  can  be  seen  i)rojecting  through  the  pimple,  it  should  be  pulled  out  with 
forceps.  The  developmeiit  may  in  some  cases  l)e  arrested  also  by  touching  it 
with  nitrate  of  silver,  or  with  a  saturated  solution  of  perchloride  of  mercury. 
When  the  boil  is  evidently  forming  the  red  area  around  it  should  be  painted 
with  equal  parts  of  glycerine  and  belladonna.  This  usually  relieves  the  pain 
and  protects  the  skin  from  the  irritation  of  the  poultices  or  other  applications. 
Hot,  moist  applications  must  then  be  employed:  four  layers  of  wet  boracic- 
acid-lint  covered  with  oiled  silk  and  cotton-wool,  or  a  linseed-meal-poultice 
well  greased  on  the  surface,  forms  the  best  application.  Poultices,  however,  in 
many  cases  irritate  the  surrounding  skin,  and  encourage  the  formation  of  a 
fresh  crop  of  boils.  Nothing  will  be  found  to  gi^•e  so  much  relief  or  to  hasten 
suppuration  more  than  the  application  of  a  sponge  squeezed  out  of  Avater,  as 
hot  as  the  ])atient  can  bear  it,  and  changed  every  few  minutes.  If  the  patient 
is  confined  to  the  house,  he  can  carry  out  this  treatment  himself  for  several 
hours  during  the  day.  Most  commonly  a  boil  may  be  allowed  to  break,  but 
the  Surgeon  may  in  some  cases  find  it  necessary  to  open  it  by  a  crucial 
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incision  when  it  is  large,  and  does  not  appear  disposed  to  l)reak  of 
itself. 

CARBUNCLE. 

A  Carbuncle  consists  essentially  of  a  specific  spreading  inflammation  of 
the  subcutaneous  areolar  tissue,  implicating  the  skin  and  terminating  in  death 
of  the  affected  tissues,  with  the  formation  of  a  pulpy  greyish  or  ash-coloured 
slougli.  Whetlier  it  connnences  in  the  deep  layers  of  the  true  skin,  ])0ssibly  in 
rhe  sebaceous  glands,  or  in  the  subcutaneous  areolar  tissue,  lias  not  been  defi- 
nitely determined. 

SiGXS.— A  carbuncle  begins  as  a  flat  or  very  slightly  conical  inflammatory 
swelling  of  the  skin,  the  base  of  which  is  hard,  and  the  edges  clearly  defined  ; 
it  is  of  a  dusky-red  colour  and  accompanied  from  the  first  by  a  burning, 
stinging,  heaAy,  or  throbbing  pain  in  the  part,  out  of  proportion  to  the 
apparent  gravity  of  the  disease.  The  inflamed  base  steadily  enlarges  and  im- 
plicates the  subcutaneous  tissue  more  deei)ly,  forming  a  flat,  slightly  elevated, 
hard,  circumscribed  swelling,  gradually  becoming  doughy  as  slonghiug  sets  in. 
As  it  increases  in  size,  the  swelling  maintains  its  flattened  circular  shape,  and 
the  skin  co^■ering  it  assumes  a  purple  or  brownish-red  tint.  Vesicles  form  on 
it  at  se^•cral  points,  which  speedily  become  pustular  and  burst,  exposing  open- 
ings beneath  in  the  cutis,  through  which  the  ash-grey  sloughs  appear,  and 
from  which  unhealthy  purulent  discharge  scantily  issues.  The  openings  in 
the  thin  undermined  skin  gradually  melt  into  each  other,  and  the  slough 
slowly  separates.  In  most  cases,  the  whole  thickness  of  the  subcutaneous  fat 
is  not  destroyed ;  but  occasionally  when  the  slough  comes  away  the  deep  fascia 
or  even  the  muscles  may  be  exposed. 

The  size  of  the  swelling  A'aries  from  one  to  six  inches  in  diameter  ;  most 
commonly  it  is  about  two  inches  across.  Carbuncles  are  generally  met  with 
on  the  posterior  part  of  the  trunk,  more  especially  about  the  shoulders  and  the 
nape  of  the  neck  ;  being  rarely  seen  anteriorly,  or  on  the  extremities.  I  have, 
however,  had  to  treat  very  large  carbuncles  on  the  abdomen,  and  have  met 
\vith  them  on  the  shin,  forearm,  and  forehead. 

A  carbuncle  is  almost  invarial)ly  single  ;  but  some  years  ago  I  had  under 
my  care  a  patient  on  whom  a  large  carbuncle  ^yas  followed  by  the  appearance 
of  about  a  dozen  smaller  ones  scattered  over  the  back,  in  spite  of  which  he 
finally  recovered. 

The  Constitutional  Disturbance  attending  this  disease  is  always  of  the 
asthenic  type  ;  the  complexion  is  often  peculiarly  sallow  or  yellow,  the  pulse 
feeble,  and  the  tongue  loaded  ;  and  if  the  carbuncle  be  large,  or  be  seated  on 
the  head,  death  may  take  place,  the  patient  frequently  sinking  from  septicsemia 
or  pyiemia. 

Causes. — A  carbuncle  arises  usually  without  any  assignable  local  exciting 
cause  ;  but  iu  some  cases  it  is  evidently  occasioned  by  the  introduction 
of  some  poisonous  matter  into  a  puncture  in  the  skin  or  into  a  hair- 
follicle.  In  all  cases  it  is  associated  with  and  dependent  upon  a  dis- 
ordered state  of  the  constitution.  Any  condition  that  lowers  the  powers  of 
the  system  will  predispose  to,  and  may  at  last  occasion,  carbuncle.  Habitually 
bad  and  insufficient  food,  the  exhaustion  induced  by  chronic  wasting  diseases, 
especially  diabetes,  or  the  debility  resulting  fi-om  acute  febrile  disease — more 
particularly  typhus — may  all  occasion  it.    (*arbuncles  are  more  common  in 
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men  tlian  in  women,  and  in  the  old  than  in  the  young,  heiug  very  rare,  under 
twenty.    They  occur  more  frequently  in  some  years  than  in  others. 

DiAOXOSiS.— Carbuncle  resembles  boil  in  many  points,  yet  differs  in  its 
greater  size,  in  the  dusky-red  of  the  inflamed  integument,  in  its  broad  flat 
character,  and  in  the  large  quantity  of  contained  slough  in  proportion  to  the 
small  amount  of  purulent  discharge  in  the  numerous  openings  on  the  surfiice, 
as  well  as  in  the  conditions  in  which  it  generally  occurs.  It  differs  from  boil 
also  in  its  tendency  to  spread.  A  boil  "comes  to  a  head,"  bursts,  and  dis- 
charges pus  and  slough  ;  a  carbuncle  will  be  discharging  and  sloughing  at  one 
part,  whilst  it  spreads,  hard  and  brawny,  at  another.  A  carbuncle  is  almost 
invariably  single,  boils  most  commonly  appear  in  crops. 

The  Piiocixosrs  in  carbuncle  Avill  depend  on  its  size  and  situation,  and  on 
the  state  of  the  patient's  constitution,  more  particularly  on  that  of  his  kid- 
neys. The  most  dangerous  carbuncles  are  those  that  are  large,  and  situated 
or  encroaching  on  the  scalp  ;  in  fact,  the  more  this  structui'c  is  invoh  ed  the 
greater  the  danger.  If  the  constitution  be  good,  even  these  may  be  re- 
covered from  ;  but  if  the  kidneys  be  unsound,  or  if  there  be  saccharine 
dial)etes,  the  progress  of  the  disease  cannot  readily  be  checked,  and  the  patient 
will  usually  sink. 

Tpj:ata[ext. — The  Constitutional  Treatment  of  carbuncle  must  ])c 
conducted  on  ordinary  medical  principles,  guided  by  the  constitutional  state 
that  underlies  the  local  disease,  or  that  accompanies  it.  If  the  carbuncle 
occur  in  diabetic  or  otherwise  debilitated  persons,  the  tincture  of  the  per- 
chloride  of  iron  in  small  and  fi'equent  doses,  with  a  moderate  allowance  of 
alcoholit;  stimulants  and  a  good  diet,  will  be  necessary.  If  the  carbuncle 
occur  in  a  jierson  of  advanced  years  addicted  to  high  living,  and  possil)ly  not 
temperate  in  habits,  the  ordinary  treatment  of  inflammation  of  a  low  and 
sloughing  character  must  Ije  adopted.  The  bowels  having  been  freely  cleared 
out,  ammonia  and  bark,  or  quinine,  must  be  given.  Alcoholic  stimulants  may 
be  more  freely  administered.  But  in  these  they  must  be  administered 
medicinally  in  measured  quantities,  and  at  intervals  of  longer  or  shorter 
duration  according  to  the  need  of  the  patient  as  determined  by  the  pulse  and 
temperature.  Port-wine  used  to  l)e  the  favourite  remedy.  It  is  considered 
less  necessary  at  the  present  day  than  it  was  a  generation  or  two  back,  and 
brandy  or  wliiskey  with  milk  or  eggs  are  commonly  substituted  for  it.  l^ut 
whate\'er  stimulant  be  given,  too  much  care  cannot  be  taken  in  regulating- 
its  doses  and  times  of  administration,  which  must  not  be  left  to  the  discretion 
of  the  non-medical  attendant.  In  addition  to  stinndants,  good  and  abundant 
nourishment  shoidd  be  given  ;  meat,  if  the  ])atient  can  digest  it  ;  if  not, 
soups,  such  as  strong  beef-tea,  essence  of  meat,  or  turtle-soup. 

Local  Treatment. — In  the  very  early  stage  the  progress  of  a  carbuncle 
may  be  arrested  by  destroying  it  Avith  a  pointed  stick  of  potassa  cum  calce. 
If  the  carbuncle  Live  attained  a  somewhat  larger  size,  though  still  small,  it 
may  be  covered  with  a  piece  of  soap-plaster  spread  on  leather,  having  a  hole  cut 
in  the  centre,  through  which  the  pus  and  sloughy  matters  may  be  discharged. 
When  the  carbuncle  is  of  larger  size  the  question  will  arise  whether  it  should 
be  incised  or  not ;  and,  if  incised,  in  what  wny  the  operation  should  be  practised. 
Some  Surgeons  uniformly  adopt  incisions  :  others,  with  etjual  constancy,  reject 
them.  I  think  that  the  exclusi\-e  adoption  of  either  method  is  erroneous,  and 
that  the  most  successful  treatment  consists  in  allowing  the  question  of  early 
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incision  to  be  detenuined  by  the  amount  of  tension  existing  in  and  around 
the  carbuncle.  Siiould  tlie  parts  be  soft,  relaxed,  and  com]\aratively  painless, 
no  advanta<?e  can  result  from  incision  :  ))ut,  on  the  other  hand,  if  the  tension 
be  considerable,  the  a<iony  great,  and  the  constitutional  disturbance  dependent 
on  both  proportionately  intense,  nothing  gives  such  immediate  relief,  local 
and  constitutional,  as  early  and  free  incision.  This  may  be  done  in  two 
ways  ;  either  subcutaneously,  by  entering  a  long  bistoury  at  one  side  of  the 
carbuncle,  and  making  two  or  three  subcutaneous  sweeps  through  the  inflamed 
tissues  iu  planes  of  ditlerent  depths  ;  or  by  a  free  crucial  cut,  carried  fairly 
through  the  diseased  ])arts  into  the  healthy  tissues  beyond  them.  By  either 
method  the  constitutional  disturbance  accompanying  and  resulting  from  the 
extreme  tension  is  at  once  removed,  the  local  ]irogress  of  the  disease  is  checked, 
and  extension  of  sloughing  by  strangulation  of  the  tissues  is  prevented. 
Should  incision  of  the  carbuncle  not  have  been  ])erformed  early,  it  may 
become  necessary  at  a  later  period,  in  order  to  prevent  the  confinement  of  the  pus 
and  slough.  Pyaemia  is  so  frequent  a  cause  of  death  in  bad  cases  of  carbuncle, 
that  it  becomes  very  important  to  prevent  putrefaction  in  the  sloughs.  If  an 
incision  be  made  before  the  skin  has  given  way,  it  should  be  done  with 
antiseptic  precautions.  The  surrounding  skin  should  be  washed  with  carbolic 
lotion,  and  as  soon  as  the  cut  has  been  made  some  efficient  foi'm  of  antiseptic 
dressing  should  be  applied.  At  subsequent  dressings  the  surface  must  ])e 
irrigated  with  carbolic  lotion.  Iodoform  sprinkled  on  the  sore  is  a  most 
useful  antiseptic.  Ordinary  poultices  should  be  avoided  as  tending  to 
encourage  putrefaction.  The  old  port-wine  poultice  is  useful  and  not  liable  to 
decompose.  If  warmth  and  moisture  are  required,  a  thick  layer  of  boracic- 
acid-liut  Avetted  with  a  concentrated  solution  of  boracic  acid  will  be  found  the 
most  convenient  application  ;  or  if  this  be  not  at  hand,  the  carbuncle  may  be 
covered  by  some  lint  soaked  in  carbolic  oil  (1  in  lo),  or  terebene  and  oil,  or 
some  other  antiseptic  dressing,  over  which  a  poultice  may  be  applied.  As 
the  sloughs  loosen,  they  should  be  separated  ;  and  the  granulating  surface 
Avhich  is  left,  and  which  will  usually  be  found  to  be  sluggish  in  its  action, 
should  be  di-essed  with  some  of  the  more  stimulating  ointments,  such  as 
those  of  clemi  or  resin,  or  with  the  balsam  of  Peru.  The  ulcer,  thousrh  larofe, 
will  when  thus  treated  cicatrize  rapidly,  and  will  leave  but  a  small  scar. 

Facial  Carbuncle. — Under  this  name  has  been  described  by  Ludlow,  T.  Smith 
and  others,  a  somewhat  rare  form  of  gangrenous  inflammation  of  the  face.  It 
appears  first  as  a  pustule  or  vesicle  on  the  lip — according  to  T.  Smith,  most  com- 
monly on  the  upper  lip.  It  is  surrounded  by  a  red  blush,  and  the  tissues  beneath 
are  swollen  and  (edematous.  The  swelling  spreads  rajiidly,  often  in^-olving  a 
great  part  of  one  side  of  the  face  ;  in  a  few  days  its  edge  is  less  clearly  defined, 
and  the  swollen  tissues  are  more  cedematous  and  less  brawny  than  in  a  com- 
mon carbuncle.  Suppuration  takes  place  after  two  or  three  days,  in  patches 
scattered  through  the  swollen  tissues.  The  skin  in  the  central  part  becomes 
dusky  in  colour,  and  the  subcutaneous  tissue  breaks  down  into  soft  shreddy 
sloughs  soaked  iu  pus.  The  constitutional  symptoms  are  of  the  gravest  kind ; 
there  is  considerable  elevation  of  temperature  at  first,  with  dry  tongue  and 
great  prostration.  Should  the  patient  survive  to  the  period  of  sloughin"-  and 
sujipuration,  death  may  take  place  ft-om  pyannia  or  septic^emia. 

The  fatal  result  is  preceded  by  rigors,  and  is  evidently  due  to  blood-poison- 
ing of  a  rapid  and  aggravated  character.    The  infection  of  the  blood  takes 
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place  throug-li  tlie  large  venous  anastomoses  of  the  side  of  the  face,  which  are 
peculiarly  patent,  owing  to  the  dense  areolar  and  iibro-celhilar  structures  in 
whicii  tliey  ramify.  The  exact  relation  of  this  affection  to  true  carbuncle  is 
doubtful.  T.  Sniitli  believes  it  to  differ  only  in  the  greater  acuteness  and 
intensity  of  the  process,  while  Paget  considers  the  "disease  so  unlike  carbuncle 
that  it  ought  not  to  be  known  under  the  same  name."  I  do  not  think  it  can 
be  considered  a  carbuncular  inflannnation.  Its  whole  course  and  tlic  appear- 
ance of  the  inflamed  i)art  rather  indicate  its  alliance  to  phlegmonous  erysipe- 
las. Death  ensues  usually  in  from  forty-eight  hours  to  live  or  six  days  after 
invasion.    It  is  a  very  grave,  but  not  a  hopeless  affection. 

Diiujnosis. — The  disease  somewhat  resembles  malignant  pustule,  with  which 
it  has  often  l)een  confounded.  The  black  slough  surrounded  by  vesicles 
which  is  so  characteristic  of  the  latter  disease,  is,  however,  wanting  in  facial 
carbuncle.  Moreover,  in  malignant  pustule  the  slough  is  dry,  while  in  facial 
carbuncle  it  is  soaked  in  pus. 

Treatment. — Abundance  of  liquid  nourishment  and  stimulant  are  required, 
and  Sir  James  Paget  recommends  the  administration  of  quinine  in  large  doses. 
Locall}',  incisions  seem  to  have  been  of  but  little  use  ;  the  application  of  hob 
fomentations,  followed  by  antiseptic  dressings  when  sloughing  has  taken  place, 
is  all  that  can  be  done  in  most  cases. 

CANCRUM    ORIS,    OR  NOMA. 

Cancrum  oris  is  a  rapidly  spreading  gangrenous  inflammation  attacking  the 
inside  of  the  cheek,  most  freipiently  l)etween  the  second  and  sixth  years  of 
life.  It  is  met  with  usually  in  ill-fed,  sickly  children  who  have  been  living 
under  bad  hygienic  conditions.  It  commonly  occurs  during  convalescence  from 
some  acute  specific  fever,  most  frequently  measles;  or  after  the  incautious 
administration  of  mercury  during  a  weak  state  of  the  system. 

S3rmptoius.^ — One  of  the  cheeks  l)ecomes  swollen,  brawny,  tense,  and 
shilling,  being  excessively  hard,  and  presenting  a  dusky  red  patch  in  its  centre. 
It  is  often  difficult  to  open  the  mouth  ;  but  if  the  Surgeon  can  gain  a  view  of 
its  inside,  he  will  see  a  deep  and  excavated  foul  ulcer  opposite  to  the  ccutre  of 
the  external  swelling,  covered  with  a  brown  pulpy  slough.  The  gums  arc  turgid, 
dark,  and  ulcerated  ;  the  saliva  is  mixed  Avith  putrescent  matters  ;  and,  as  the 
ulceration  in  the  mouth  extends,  the  swelling  sloughs,  and  a  large  gangrenous 
cavity  is  formed,  opening  externally  through  the  check  and  internally  laying  bare 
the  alveolar  borders  of  the  jaw.  The  child  suffers  little,  but,  as  the  disease 
advances,  it  commonly  becomes  drowsy,  and  at  last  dies  comatose.  This  affec- 
tion is  most  flital.  liilliet  and  Barthez  state  that  not  more  than  one  in  twenty 
cases  recovers.  Should  recovery  take  place,  a  large  portion  of  the  check  may 
be  lost,  opening  the  mouth  half  way  back  to  the  ear,  or  a  dense  cicatricial 
band  may  form  between  the  jaws,  making  it  impossible  to  open  the  mouth. 

Treatment. — The  child  must  be  put  under  chloroform,  and  the  sloughing 
mass  deeply  cauterized  with  nitric  acid,  but  not  with  the  actual  cautery,  lest 
the  cheek  be  destroyed  ;  the  mouth  should  be  syringed  out  with  diluted  Condy's 
fluid,  and  the  ulcerating  surface  dusted  with  iodoform.  The  strength  must  be 
supported  mth  beef-tea,  wine,  and  ammonia.  If  recovery  take  place,  some 
plastic  operation  may  be  necessary  at  a  later  period,  in  order  either  to  close 
the  gap  in  the  cheek  or  to  enable  the  child  to  open  its  mouth. 
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DISEASES  ARISING  FROM  SEPTIC  AND  INFECTIVE 
PROCESSES  IN  WOUNDS. 

This  group  of  diseases,  including-  scpticfcmia,  i5ya3mi;i,  erysipelas,  hospital 
gangrene  and  some  otliers  of  less  importance,  have  been  investigated  daring 
the  last  twenty  years  by  numberless  observers  with  an  energy  and  ability 
probably  ncA'cr  exceeded  in  any  brancli  of  science.  As  the  means  of  observa- 
tion have  been  improved  and  new  methods  of  investigation  have  been 
invented,  so  the  conviction  in  the  minds  of  tlie  majority  of  pathologists 
has  become  more  and  more  confirmed  that  all  these  unhealthy  processes  are 
directly  caused  l)y  the  action  of  microscopic  fungi.  "We  are  still  veiy  far  from 
knowing  all  the  conditions  which,  as  predisposing  or  accessory  causes,  take 
part  in  the  development  of  these  diseases,  or  the  exact  mode  in  which  the 
fungi  give  rise  to  the  various  morbid  processes  with  which  they  are  associated  ; 
but  that  their  relation  to  them  is,  in  some  forms  of  disease  at  least,  actually 
one  of  cause  and  effect,  may  be  said  to  be  no  longer  a  mere  hypothesis. 

The  relations  of  microscopic  organisms  to  unhealthy  inflammations,  and  the 
nature  of  a  true  infective  process  have  already  been  discussed  in  the  chapter  on 
Inflammation  (p.  Ifi4  et  seq.). 

It  will  be  remembered  that  it  was  there  pointed  out  that  a  clear  distinction 
must  be  drawn  between  simple  putrefaction  and  infective  processes.  Simple 
putrcfactioji  is  a  fermentative  change  taking  place  in  dead  matter  only,  and 
the  products  of  the  fermentation  may  excite  inflammation  and  suppuration 
locally,  and  if  absorbed  give  rise  to  a  definite  constitutional  disturbance  ;  but 
the  organized  ferment  Avhich  determines  the  jirocess  cannot  act  on  living 
tissues,  consequently  there  is  no  true  infection,  either  locally  or  of  the  system 
in  general.  It  is  to  processes  of  this  kind  that  the  term  "  septic  "  should  be 
limited,  the  word  then  being  synonymous  with  "  putrid." 

In  a  true  infective  process  the  virus  infects  the  living  tissues,  increasing  iu 
quantity  amongst  them,  and  gives  rise  to  unhealthy  processes  in  them.  Tiicse 
may  be  local,  the  accompanying  constitutional  disturbance  being  merely  the 
result  of  the  absorption  of  the  unhealtliy  inflammatory  products,  or  general, 
when  the  virus  enters  the  blood  stream  and  multiplies  in  it.  The  former  is 
called  a  local,  and  the  latter  a  (jcneral  infedit'p process. 

In  simple  septic  processes  the  fungi  which  are  supposed  to  cause  them  are 
said  to  be  non-pathogenic  or  non-parasitic ;  in  infective  processes  they  arc 
spoken  of  as  pathogenic  or  parasitic.  The  term  "  mycosis  "  is  often  used  to 
signify  the  infection  of  the  living  tissues  by  fungoid  organisms. 

Although  these  septic  and  infective  i3rocesses  are  distinct  from  each  other, 
they  are  nearly  related  ;  infectiA-e  processes  very  rarely  starting  from  wounds, 
unless  the  discharges  are  in  a  septic  condition.  This  fact  has  been  explained 
l)y  supposing  that  non-pathogenic  organisms  may  develop  pathogenic  pro- 
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porties  when  growing  in  a  suitable  medium,  such  as  the  discharges  of  an 
unhealthy  wound  are  assumed  to  be.  Evidence  is,  however,  w^anting  to  prove 
this  assumption.  The  more  generally  received  opinion  is  that  the  specific 
infective  processes  are  each  due  to  a  specific  form  of  organism,  and  that  putre- 
faction serves  only  as  a  predisposing  cause  of  infection  :  first  by  exciting 
inflannnation  and  suppuration,  and  thus  providing  a  suitable  medium — the 
inflammatoiy  exudation  or  pus — in  which  the  pathogenic  fungi  may  develop  ; 
and  secondly,  by  lowering  the  vitality  of  the  tissues,  in  consequence  of  which 
they  are  more  readily  invaded  by  the  pathogenic  or  parasitic  fungi. 

However  this  may  be,  the  practical  fact  remains  that  the  i)re\'ention  of 
putrefaction  is  also  the  most  certain  means  of  preventing  infection. 

The  mode  of  entrance  of  the  virus  has  already  been  discussed  (p.  IGO).  In 
infective  processes  attacking  wounds  there  is  no  doubt  that  in  the  great 
nuxjority  of  cases,  so  great  in  fact  that  we  may  almost  say  in  all  cases,  the 
virus  enters  the  wound  directly  from  without,  and  the  surest  means  of  pre- 
vention are  those  directed  to  protect  the  wound  from  external  influences. 

The  local  and  general  atlections  consequent  upon  septic  processes  in  or 
infection  of  wounds  may  be  thus  briefly  classified. 

I.  The  Effects  of  Putrefaction. — True  Septic  Processes. — The  poison 
is  generated  solely  in  dead  matter,  and  is  associated  with  the  presence  of  rod- 
shaped  organisms. 

1.  Local. — Septic  inthnnmation  mul  siipjmratioii  dependent  on  the  local 
irritation  caused  by  the  chemical  products  of  putrefaction.  It  is  a  non-infec- 
tive process  (p.  10;>). 

'2.  General. — A  febrile  affection  dependent  upon  the  absorption  of  the 
chemical  products  of  putrefaction  from  the  wound.  It  is  a  non-infective 
process,  and  varies  in  intensity  with  the  dose  of  the  poison.  If  the  dose  be 
small  and  the  period  during  which  absorption  lasts  is  short,  the  resulting 
affection  is  known  as  Septic  Traumatic  Fever  (p.  179)  ;  if  I  the  dose  be  small 
and  absorption  continues  for  months,  it  gives  rise  to  Hectic  Fever  (p.  230). 
If  the  dose  be  very  large  and  rapidly  absorbed  it  may  be  speedily  fatal,  the 
affection  then  forming  one  variety  of  septiciemia — Septic  Poisoning — or  Septic 
fntoxication. 

'1.  Infective  Processes. 

I.  Local  processes  leading  to  a  spreading  destruction  of  the  affected  tissues. 

1.  Wound-diphtheria. — This  name  has  been  a])plied  by  the  (Germans  to  a 
superficial  infective  process  usually  attacking  granulating  sores.  The  surface 
Incomes  covered  with  an  opaque  tough  membranous  layer,  beneath  which 
progressive  destruction  of  the  granulations  takes  place.  There  is  febrile 
disturbance,  but  no  specific  constitutional  affection  accompanying  it.  It  is 
contagious,  and  is  associated  with  the  growth  of  micrococci. 

2.  Hospital-Gangrene.— A  rapidly  spreading  gangrenous  inflammation, 
attacking  recent  or  granulating  wounds.  The  gangrene  follows  closely  on  the 
inflammation,  the  dead  tissues  forming  a  pulpy  adherent  slough.  There  is 
febrile  disturbance,  but  no  specific  infection  of  the  whole  system.  It  is 
associated  with  the  growth  of  micrococci,  and  is  intensely  contagious. 

:5.  Spreading  Traumatic  Gangrene.— An  acute  rapidly  spreading  inflam- 
mation terminating  in  death  of  the  affected  tissues.  The  inflammation  extends 
a  considerable  distance  beyond  the  dead  tissues,  and  the  gangrenous  process  is 
accompanied  by  the  evolution  of  gas  and  offensive  decomposition.    There  is 
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constitutional  disturbance  of  the  type  of  septic  poisoning,  but  tliere  is  no 
evidence  of  a  general  specific  infection  of  the  blood.  It  is  associated  with 
the  presence  of  rod-shaped  organisms,  but  is  not  known  to  be  contagious. 

4.  Phlegmonous  Erysipelas. — An  acute  rapidly  si)reading  inflammation 
of  the  subcutaneous  areolar  tissue,  secondarily  affecting  the  skin.  It  is 
accompanied  by  very  abundant  exudation,  and  the  gangrene  that  com])licates 
it  seems  to  be  due  chiefly  to  the  tension  caused  by  this.  So  far  as  is 
known  it  is  not  accompanied  by  any  specific  infection  of  the  system,  and  its 
contagiousness  is  doubtful.    It  is  associated  with  the  presence  of  micrococci. 

IT.  General  Infective  Processes. 

1.  Cutaneous  Erysipelas. — An  acute  infective  disease  characterized  by  a 
superficial  inflammation  spreading  in  the  skin  fi-om  the  wound,  and  by  a 
general  febrile  disturbance  of  a  specific  character.  It  is  supposed  that  the 
poison  infects  the  whole  system  as  well  as  the  local  seat  of  inflammation.  It 
is  associated  with  the  presence  of  micrococci  in  the  affected  skin,  and,  according 
to  some  observers,  also  in  the  blood. 

2.  Septic  Infection. — An  acute  general  infective  process,  rapidly  termi- 
nating fatally  without  the  development  of  secondary  centres  of  inflammation. 
The  poison  infects  the  whole  system  and  increases  in  it,  the  fatal  result  being 
apparently  directly  due  to  alteration  in  the  blood  consequent  upon  the 
development  of  the  virus  in  it.  The  local  affection  may  be  insignificant.  The 
disease  is  rare  in  man.  In  animals  it  is  easily  induced  experimentally,  and  in 
them  is  always  found  to  be  associated  with  a  definite  organism  in  the  blood, 
diff'ering  in  different  species.  It  is  most  intensely  contagious.  By  many 
writers  it  is  spoken  of  as  sepUcmnia,  its  name  being  derived  from  the  fact 
that  in  animals  it  is  capable  of  being  caused  by  injection  of  small  doses  of 
putrid  matter  under  the  skin.  The  term  sejiiic  infecfion  is  here  used  to 
distinguish  it  fi-om  sejMc  iwisoning  caused  by  the  chemical  products  of 
putrefaction,  which  by  many  writers  is  also  spoken  of  as  septicasmia. 

3.  Pyaemia. — A  general  infective  process,  almost  invariably  starting  from 
a  wound  which  has  reached  the  stage  of  suppuration,  and  hence  its  name. 
It  is  characterized  by  the  formation  of  secondary  centres  of  iuflammation  and 
suppuration  disseminated  throughout  the  body.  It  is  associated  with  the 
presence  of  micrococci  in  the  blood  and  in  the  secondary  centres  of  inflamma- 
tion. It  is  believed  to  be  contagious.  It  presents  several  varieties,  which 
will  be  described  when  treating  of  the  disease. 

In  actual  ])ractice  it  will  be  found  that  the  distinction  between  these 
various  affections  is  not  always  clearly  defined,  and  this  has  given  rise  to  the 
view  that  some  of  them  at  least  are  merely  modifications  of  one  disease. 
This  apparent  confusion  may,  however,  be  equally  well  explained  by  the 
co-existence  of  more  than  one  form  in  the  same  case.  Thus  a  patient  may 
suffer  from  phlegmonous  erysipelas  with  sloughing  of  the  subcutaneous  areolar 
tissue,  decomposition  of  the  sloughs  may  follow  and  give  rise  to  septic 
poisoning,  and,  finally,  death  may  take  place  fi'om  i)ya3mia. 

It  is  impossible  here  to  discuss  fully  the  evidence  for  and  against  the 
theory  of  the  fungoid  origin  of  these  diseases.  It  is  supported  by  the  presence 
of  microscopic  organisms  in  the  local  area  of  inflanmiation  and  in  the  blood, 
which  has  been  so  fi-equently  observed  in  man,  and  by  the  universal  presence 
of  such  organisms  in  similar  diseases  artificially  induced  in  animals  ;  and  also 
by  the  fact  that  in  analogous  diseases  in  animals  and  in  erysipelas  in  man,  the 
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or<2:anisiii  to  Avhicli  the  poison  is  supposed  to  be  due  lias  been  cultivated  in 
suitable  media  out  of  the  body  for  many  generations,  and,  finally,  when 
inoculated  on  a  fresh  subject,  has  given  rise  to  the  original  specific  disease. 
There  is  abundant  evidence  also  to  show  that  in  many  of  these  diseases  the 
]-)oison  is  particulate  and  not  in  solution,  and  that  it  is  destroyed  by  those 
agents,  whether  physical  or  chemical,  which  are  inimical  to  the  lower  forms 
of  vegetable  life.  The  close  analogy,  moreover,  between  some  of  these 
processes  and  splenic  fever,  in  which  the  bacillus  anthracis  is  undoubtedly, 
directly  or  indirectly,  the  cause  of  the  disease,  tends  to  support  this  view. 
Lastly,  to  many  pathologists  the  hypothesis  of  a  living  virus,  a  contagium 
vivum,  explains  more  rationally  than  any  other  theory  the  increase  of  the 
poison-  in  the  living  body  by  a  process  resembling  fei-mentation,  its  durability, 
and  its  evident  dependence  on  favourable  conditions,  not  only  in  the  wound 
or  in  the  individual  but  in  his  surroundings,  in  the  time  of  year,  the  character 
of  the  season  or  climate,  and  many  other  circumstances.  Lastly  those  modes 
of  pre\enting  these  diseases  which  are  the  outcome  of  the  application  of  the 
hypothesis  of  a  contagium  ^ivuni  to  surgical  practice  have  so  far  been  the 
most  successful. 

The  chief  arguments  urged  against  it  are  the  following.  In  the  first  place, 
in  the  human  subject  many  observers  have  failed  to  detect  the  presence  of 
organisms  in  these  diseases.  The'  constancy,  however,  with  which  they  have 
been  found  has  of  late  years  been  steadily  increasing  with  the  improved 
methods  of  observation  introduced  by  Weigcrt,  Koch,  and  others  ;  so  much  so 
that  this  objection  is  becoming  of  little  weight.  It  has  also  been  urged  that 
many  processes,  dissimilar  in  every  respect,  are  found  to  be  associated  with 
the  presence  of  organisms  apparently  perfectly  similar.  Thus  micrococci  are 
found  in  a  simple  acute  abscess,  in  diphtheria,  in  erysipelas  and  in  pyfemia  ; 
but  Avith  bodies  of  such  extreme  minuteness  differences  may  readily  exist 
which  it  is  beyond  our  power  to  recognize.  Cohn,  while  referring  to  this 
question,  called  attention  to  the  apparent  similarity  of  the  sweet  and  bitter 
almond,  which  yet  differ  from  each  other  so  widely  in  their  chemical  pro- 
perties. A  nmch  more  important  objection,  which  is  pointed  out  by  Koch 
himself,  is  that  in  many  cases  in  the  human  subject  the  number  of  micro- 
scopic organisms  found  has  been  singularly  small,  so  small  in  fact  as. to  make 
it  difficult  to  understand  how  they  could  be  the  cause  of  such  grave  disease. 
Lastly,  it  has  been  maintained  that  the  microsco])ic  organisms  are  merely  an 
accidental  accompaniment  of  the  process  and  not  the  cause,  or  that  at  most 
thev  serve  merelv  as  carriers  of  the  virus  and  are  ]iot  the  iiroducers  of  it.  It 
is  difficult  to  refute  this  assertion  with  the  means  at  present  at  our  command. 
When,  however,  as  in  the  case  of  erysipelas,  the  organism  can  be  cultivated 
for  twenty  generations  out  of  the  body  in  an  artificial  medium,  and  finally, 
on  being  inoculated  on  another  individual  will  produce  a  genuine  attack  of 
tlie  disease,  it  seems  difficult  to  regai'd  it  as  other  than  an  essential  factor  iu 
the  production  of  the  specific  inflammation. 

It  must  be  acknowledged  therefore,  that,  although  it  is  highly  jtrobable 
that  all  this  group  of  diseases  arise  directly  from  the  action  of  microscopic 
fungi,  the  evidence  is  nut  as  yet  sufficient  to  furnish  demonstrative  proof  of 
its  truth. 

Supposing,  hoAvever,  that  the  fungoid  theory  of  infective  processes  in 
wounds  were  proved  beyond  a  doubt,  it 'would  in  no  way  disprove  the  facts 
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previously  known  as  to  the  influence  of  had  liygienic  conditions  in  the  develop- 
ment of  these  diseases.  The  ex])erieiice  of  o'enerations  of  Surgeons  has  taught 
us  that,  although  inflammation  and  suppuration  with  fel)rile  disturbance 
result  from  contact  Avith  the  raw  surfaces  of  wounds  of  such  simple  septic 
products  as  must  form  in  all  dead  tissues  or  putrescible  animal  fluids  exposed 
to  the  ordinary  air  of  a  dwelling-house,  the  graver  infective  processes  are  of 
extreme  rarity  in  cases  treated  in  pure  air  and  in  the  isolation  of  a  private 
house.  On  the  other  hand,  it  has  been  established  incontestably  that  if  the 
cubic  ca])acity  of  a  ward  Ije  taken,  and  the  rate  of  ventilation  through  it 
determined,  a  Surgeon  may  with  certainty  foretell  how  many  suppurating 
Avounds  it  Avill  require  in  the  absence  of  antiseptic  treatment  to  generate  infec- 
tive disease  in  it. 

Thus,  although  in  the  prevention  of  these  diseases  the  use  of  antiseptics 
must  take  the  first  place  as  attacking  the  evil  at  its  source,  a  strict  attention 
to  the  laAVS  of  hygiene,  as  regards  cubic  space,  ventilation,  and  general  cleanli- 
ness, is  also  necessary  to  exclude  those  accessory  conditions  that  favour  its 
dcA-elopment.  Ey  these  means  combined  all  this  group  of  diseases  can  be 
prevented  ;  their  occurrence  is  the  result  in  almost  all  cases  of  some  definite 
error  in  the  treatment  of  the  wound,  or  some  infringement  of  sanitary  rules. 
They  arc  not  accidental ;  they  are  preventable  and  ought  to  be  prevented. 
Should  a  case  arise,  our  knowledge  of  the  nature  of  the  diseases  shoAvs  clearly 
how  they  may  be  carried  from  one  indiA  idnal  to  another,  and  the  means  to  be 
adopted  to  prcA-ent  their  spread. 

The  Avhole  subject  of  the  relation  of  these  diseases  to  general  hygienic 
conditions  has  already  been  discussed  (p.  8  el  soq.),  and  need  not  be  further 
considered  here.* 

AATOUND-DIPHTHERIA. 

This  name  has  been  applied  by  French  and  German  ^^  riters  to  an  unhealthy 
condition  assumed  by  granulating  Avounds  or  sores,  in  which  they  become 
covered  by  an  opaque,  Avhite,  or  yellowish- white  membranous  layer  closely 
resembling  the  false  membrane  of  diphtheria.    By  English  Surgeons  it  has 
more  commonly  been  described  as  a  mild  form  of  phagedenic  ulceration.  It 
arises  invariably  in  connexion  Avith  decomposing  discharges,  and  is  not  un- 
common in  AVOunds  oA'er  Avhich  urine  is  flowing.    The  granulating  sore  AA'hich 
may  haA'e  been  in  a  healthy  and  healing  condition  up  to  the  time  of  the 
attack,  becomes  dark  in  colour,  and  here  and  there  small  haemorrhages  may 
be  noticed  amongst  the  gTanuIations.    The  healthy  discharge  of  pus  ceases, 
and  is  replaced  by  a  A-ery  slight  serous  exudation.    Then  an  opaque  Avhite 
])atch  ai)pears  and  soon  spreads  over  the  surface.    The  surrounding  skin 
becomes  reddened  and  slightly  swollen,  the  edges  are  raised  and  sharply  cut, 
and  the  sore  may  slowly  spread  and  dee])cu.    The  opaque  Avhite  layer  on  the 
surface  is  difficult  to  remove,  but  if  a  small  piece  be  peeled  olf  and  examined 
microscopically  it  will  be  found  to  be  composed  of  the  superficial  layers  of 
the  granulation-cells  which  have  perished  and  become  finely  granular,  mixed 
Avith  a  coagulated  exudation.    Throughout  the  Avhole  layer  are  abmidant 

^_  Tliosi'  wild  wish  iiioiT  fully  to  study  tlic  patlicilo<xy  of  these  disensfs,  shouhl  read  Ktjch  on  Traumatic 
liifcctivf  Disi'ases  of  Wounds,  translatfd  liy  W.  AV.  ciu'vnr.  for  the  new  Sydenham  Society  An  pxeellenl 
snmmary  of  tlie  irlation  of  sei>tic  l)acteria  to  disease,  by  Victor  Horslcy,  will  be  f„und  iii  the  Heoort  (^f 
the  MedicalOflicerof  the  Privy  Coniu-il  for  18S-J.  The  most  comi'lete  W(,rk  on  SeinicaMnia  an.l  I'vvnni 
T)  .  .'  1  ''>i»«i'nl«>iior.    In  this  will  be  found  a  catalogue  of  the  literature  and  a  eonivlete  histor\  o{ 


WOUND-DIFHTHERIA— HOSPITAL   GANGRENE.  901 

microoocci,  singly,  in  chains,  and  in  coloTiies.  There  is  usually  some  slij^ht 
febrile  disturbance,  and  the  nearest  lymphatic  glands  are  swollen. 

Causes. — This  unhealthy  i)roccss  is  always  tire  consequence  of  local  neglect 
of  cleanliness  and  general  imperfection  of  hygienic  arrangements.  It  may 
atf'ect  several  wounds  in  a  ward,  but  its  contagiousness  is  not  very  clearly 
marked,  and  it  frequently  occurs  in  isolated  cases.  It  has  no  I'clation  to 
diphtheria.  It  is  true  that  a  similar  unhealthy  condition  has  been  observed 
in  wounds  when  the  patient  has  been  attacked  by  genuine  diphtheria  :  but 
the  constitutional  condition  is  then  entirely  different.  ])iphtheritic  inflamma- 
tion ill  the  throat  does  not  lead  to  the  progressive  destruction  of  tissue 
observed  in  the  so-called  wound-diphtheria.  It  is  nnich  more  nearly  allied  to 
hospital-gangrene  ;  in  fact,  the  term  wound-diphtheria  is  extended  by  many 
writers  on  the  continent  to  that  process,  the  affection  here  described  being 
regarded  as  the  mildest  form  of  the  same  disease.  It  is  well,  however,  to 
separate  the  process  above  described  from  genuine  hospital-gangrene,  on 
account  of  its  less  evident  contagiousness  and  its  comparatively  harmless 
character.  The  relation  of  the  micrococci  found  in  the  slough  to  the  process 
is  not  certain,  though  it  is  -^  ery  jirobalile  they  are  concerned  in  causing  tlic 
mdiealthy  process. 

Treatment. — This  is  very  simple.  It  is  necessary  oidy  to  apply  some 
strong  antiseptic  lotion,  such  as  chloride  of  zinc  (gr.  4(1  to  gj),  carbolic  acid 
(I  in  ^0),  or  the  surface  may  be  rubbed  over  with  solid  nitrate  of  silver  or 
sulphate  of  copper.  When  a  wound  assumes  this  condition  the  hygienic  sur- 
roundings of  the  patient  should  be  carefully  investigated,  and  any  faults  of 
ventilation,  cleanliness  or  drainage  corrected.  Iji  the  mildest  cases  dusting 
the  surface  with  iodoform  may  be  sufficient  to  aiTcst  the  unhealthy  process. 

HOSPITAL-GANGRENE. 

This  affection  is  known  also  by  the  names  of  contagious  or  pulpy  gangrene, 
or  sloughing  phagedena,  and  by  some  French  and  German  writers  the  term 
wound-diphtheria  is  extended  to  it.  It  is  characterized  by  a  rapidly  destruc- 
tive and  spreading  infective  inflammation,  the  affected  wound  becoming 
covered  as  the  process  extends  by  an  adherent  slough.  It  attacks  open  sores 
and  wounds.  It  is  rarely  met  with  in  its  fullest  extent,  exce]it  in  military 
practice  ;  the  accumulation  of  a  large  number  of  wounded  persons  with  foul 
suppurating  sores  under  one  I'oof,  and  the  want  of  proper  cleanliness  and 
attention  during  an  active  campaign,  disposing  to  it.  It  used  formerly  to 
desolate  the  civil  hospitals  ;  but,  owing  to  the  use  of  antiseptics  locally  and 
to  the  general  sanitary  measures  now  adopted  in  these  institutions,  it  has 
practically  disapiDcared  from  them.  The  occuiTcnce  of  this  foul  disease  is  of 
itself  condemnatory  of  the  sanitary  arrangements  of  the  hospital  in  which  it 
is  developed,  and  in  the  present  state  of  our  knowledge  is  inexcusable. 

Local  Signs. — ^Yhen  hospital  gangrene  invades  a  wound  or  open  sore 
that  has  hitherto  been  ]:»erfectly  healtliy,  the  surface  becomes  covered  with  grey 
soft  jioints  of  slough,  Avhich  rapidly  spread,  until  the  Avhole  of  the  surface  of 
the  wound  is  affected.  At  the  same  time  the  sore  increases  rapidly  in  super- 
ficial extent,  and  commonly  in  depth  ;  the  surrounding  integument  becomes 
(Edematous,  swollen,  and  of  a  livid  red  colour  ;  the  edges  of  the  ulcer  are 
everted,  sharp-cut,  and  assume  a  circular  outline  ;  and  its  surface  is  covered 
with  a  thick  pulpy  greyish-gi'cen  tenacious  mass,  which  is  so  firmly  adherent 
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that  it  cannot  he  wiped  off,  being  merely  moved  or  swayed  to  and  fro  when  an 
attempt  is  made  to  remove  it.  There  is  usually  some  dirty  yellowish-green  or 
brownish  discharge,  and  occasionally  S(jme  bleeding  :  the  pain  is  of  a  severe 
burning,  stinging,  and  lancinating  character  ;  and  the  fcetor  from  the  surface  is 
great.  ^The  raN'ages  of  this  disease,  when  fnlly  developed,  are  very  extensive. 
"The  soft  parts,  such  as  the  muscles,  areolar  tissue,  and  vessels,  are  transformed 
into  a  grey  pulpy  mass,  and  the  l)ones  are  denuded  and  necrosed.  The  larger 
blood-vessels  resist  the  progress  of  the  disease  longer  than  any  other  parts,  but 
may  at  last  be  exposed,  ])ulsatiug  at  the  bottom  of  the  deep  and  foul  chasm. 
There  is,  however,  little  risk  of  hajmorrhage  in  the  early  stages:  but,  when  the 
sloughs  are  separating,  an  artery  may  give  way,  and  bleeding  to  a  dangerous  or 
fatal  extent  ensue.  Hennen  states  that  there  is  most  danger  of  this  about  the 
eleventh  day.  When  the  sloughs  are  thrown  off,  in  the  form  of  reddish-brown 
or  greyish-green,  viscid,  and  pulpy  masses,  a  very  sensitive  granulating  surface 
is  left,  having  a  great  tendency  to  bleed,  and  to  be  again  invaded  by  the 
gangrenous  process. 

Blackadder  has  described  an  ulcerated  form  of  this  affection,  in  which  a 
vesicle  containing  a  bloody  ichor  forms,  with  a  hot  stinging  pain  ;  this 
l)reaks,  leaviiig  a  circular  ulcer  of  about  the  size  of  a  s])lit  pea.  The  ulcer 
once  formed,  rapidly  extends  by  sharp-cut  edges  into  the  surrounding 
integument. 

On  the  two  occasions  in  which  I  have  had,  in  former  years,  the  opportu- 
nity of  witnessing  outbreaks  of  this  disease  in  University  College  Hospital,  the 
surface  of  the  wounds  affected  becanie  rapidly  coh  ered  with  a  yellowish-grey 
pultaceous  slough.  In  some  cases  there  Avas  haemorrhage,  but  most  commonly 
a  small  quantity  of  foetid  discharge  only  was  poured  out :  the  edges  of  the  sore 
became  sharp-cut  and  defined,  and  the  ulceration  extended  further  in  the  skin 
by  an  eighth  or  a  quarter  of  an  inch  than  in  the  subjacent  areolar  tissue.  In 
most  ijistances  the  disease  was  confined  to  the  skin  and  areolar  tissue,  exposing 
but  not  usually  invading  the  muscles  and  bones,  though  in  some  cases  these 
Avere  affected.  The  ulcers  were  somcAvhat  circular,  and  Avere  surrounded  by 
dusky  inflamed  areolte  of  some  Avidth.  AYhen  once  the  morbid  process  AA'as 
stopped,  they  cleaned  rapidly,  throAving  out  large  vascular  granulations. 

CoxsTiTUTioxAL  Hymptom.s. — lu  the  early  stage  there  may  be  active  febrile 
disturbance,  Avith  high  temperature  and  quick  pulse.  But  these  soon  subside 
into  symptoms  of  prostration.  In  the  majority  of  cases  they  follow  the  local 
invasion  of  the  sore  ;  Blackadder,  Kollo,  Delpech,  and  AVellbank  have  all 
found  this  to  l)e  the  case,  and  in  the  instances  at  University  College  Hospital 
it  certainly  Avas  so.  Hennen  and  Thomson,  on  the  other  hand,  state  that  the 
constitutional  symptoms  precede  the  local.  In  this  I  believe  them  to  be 
certainly  in  error.  They  haA'C  confounded  that  state  of  ill  health  which 
occurs  in  the  wounded  Avho  are  confined  in  the  foul  and  reeking  atmosphere  of 
an  over-croAvded  military  hospital,  and  Avhich  predisposes  to  the  invasion  of 
hospital  gangrene,  A\itli  the  symptoms  produced  by  the  phagediiina  itself. 

Causes. — All  Avou]ids  and  sores  are  liable  to  be  attacked  in  this  Avay,  but 
the  disease  most  frequently  affects  those  that  are  of  recent  origin  :  the  more 
chronic  affections,  and  those  that  are  specific,  very  usually  escape.  The 
experience  of  many  Avars  lias  led  incontestably  to  the  conclusion  that  hospital - 
gangrene  Avill  certainly  be  developed  amongst  the  wounded  if  they  arc 
aggregated  in  too  large  numbers  under  one  roof,  hoAveAcr  large'  niav 
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be  tlie  buildino;  ;  whilst,  amongst  the  wounded  who  are  treated  in  the  open, 
or  in  "  luit-hospitals  "— mere  temporary  sheds— it  is  all  but  nnknown.  In 
many  German  hospitals  in  which  it  was  formerly  of  very  frequent  occur- 
rence, it  has  been  entirely  excluded  by  adoption  of  antiseptic  methods  of 
treating-  wounds,  all  other  conditions  remaining  unchanged.  It  is  evident, 
therefore,  that  the  disease  is  i>rimarily  due  to  two  causes,  the  over-crowding  of 
patients  in  a  ward  and  the  putrefaction  of  the  discharges  from  their  wounds. 
The  air  is  thus  contaminated  by  the  products  of  respiration,  the  exhalations 
from  the  bodies  and  excreta  and  the  effluvia  fi*om  the  decomposing  animal 
matter,  while  the  wounds  themselves  are  rendered  prone  to  sutler  from  the 
infection  by  the  irritation  of  the  septic  discharges  in  which  they  are  bathed, 
r  believe  that  the  disease  may  at  any  time  be  produced  by  overcrowding  of 
patients  with  su])purating  wounds  in  the  same  Avard  or  room.  The  last  out- 
l)reak  that  occurred  at  University  College  Hospital,  more  than  twenty  years 
ago,  was  evidently  due  to  this  cause.  In  one  of  my  wards,  which  is  intended 
to  contain  15  or  16  patients  only,  owing  to  accidental  and  unavoidable  cir- 
cumstances, 21  patients  were  admitted,  and  slept  for  one  night,  many  of  them 
having  suppurating  wounds.  The  result  was  an  outbreak  of  hospital-gangi-ene, 
which  spread  through  the  Institution,  and  was  most  serious  and  persistent. 
But  though  it  conmionly  has  its  origin  in  this  way,  especially  in  the  crowding 
of  military  hospitals  after  a  hard-fought  action,  it  is  met  with  out  of  hospitals. 
"Well-marked  cases  of  this  affection,  some  of  a  very  severe  character,  have  at 
times  occurred  amongst  the  out-patients  of  University  College  Hospital.  In 
these  cases,  as  in  many  others,  it  is  probable  that  the  disease  was  occasioned 
by  the  neglect  of  hygienic  conditions,  in  the  close  and  ill-ventilated  houses  of 
the  poor,  aided  possibly  by  some  atmospheric  or  epidemic  influence  ;  erysipelas 
and  phlebitis  being  also  very  prevalent  at  the  time.  This  had  been  observed 
at  the  time  of  the  first  occurrence  of  the  disease  at  our  Hospital,  in  18-il  ; 
and  it  is  impossible  not  to  recognize  a  similarity  of  cause  in  these  different 
affections.  Hospital-gangrene  is  a  highly  contagious  disease,  and  when  once 
it  has  broken  out  it  will  readily  spread  from  patient  to  patient  by  contact 
with  nui'ses'  or  Surgeons'  fingers,  instruments,  dressings,  and  above  aU  if  the 
jiernicious  custom  of  using  sponges  in  cleaning  sores  be  adopted.  It  is  im- 
possible to  be  too  careful  in  these  respects.  It  may  also  be  carried  by  organic 
particles  in  the  air,  and  thus  be  said  to  be  "  infectious." 

Pathological  Anatomy. — The  slough  is  composed  of  the  tissues  of  the 
part  infiltrated  with  inflammatory  products,  the  fluids  having  undergone 
coagulation.  The  individual  cells  are  not  recognizable,  the  whole  presenting 
a  finely  granular  appearance.  When  stained  and  ])roperly  prepared,  innumer- 
able micrococci  are  seen  amongst  the  granules ;  they  are  in  colonies  or 
chains,  or  single.  The  perishing  tissues  immediately  beneath  the  slough  are 
infiltrated  with  migrating  cells,  which  press  upon  the  vessels,  some  of  which 
are  obliterated,  and  others  filled  with  clots.  Micrococci  are  recognizable  in 
this  region  also.  The  relation  of  the  micrococci  to  the  process  has  not  yet 
been  definitely  ascertained.  Koch  succeeded  in  inducing  in  mice  a  gangre- 
nous process  closely  resembling  hospital-gangi'ene  by  the  inoculation  of  a  form 
of  micrococcus  which  showed  a  regular  mode  of  growth  in  chains.  The  infec- 
tive process  was  purely  local,  death  occurring  without  infection  of  the  blood. 
The  micrococci  were  originally  obtained  from  putrid  blood,  but  subsequent 
inoculations  from  one  animal  to  another  were  constantly  followed  by  the  same 
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form  of  gaugrenous  inflammation,  and  the  development  of  the  same  definite 
form  of  micrococcus. 

Treatment.— The  preventive  treatment  of  liosjMtal-ganoTcue  may  be 
deduced  from  a  consideratiun  of  the  causes  that  give  rise  to  it.  The  experience 
of  many  (ierman  surgeons,  and  especially  Nussbaum,  of  Munich,  has  shown, 
that  by'the  introduction  of  the  antisepti(!  treatment  the  disease  has  Ijeen  1)anished 
from  hosi)ita]s  in  which,  oAving  to  faulty  hygiene,  it  formerly  existed  to  a  fearful 
extent.  On  the  other  hand,  it  had  been  practically  banished  from  English 
hospitals  by  attention  to  ordinary  cleanliness,  and  general  hygienic  rules  as  to 
cubic  space  per  patient,  ventilation,  drainage,  &c.,  long  before  the  introduction 
of  antiseptic  surgery.  Still,  up  to  twenty  years  ago  it  did  occasionally  break  out, 
from  temi)orary  overcrowding,  or  irom  the  accidental  presence  of  an  unusual 
number  of  large  suppurating  wounds  in  a  ward.  Xow  it  is  unknown  in  any 
properly  managed  civil  hospital.  In  military  practice  antiseptic  treatment  is 
often  impossible,  and  overcrowding  unavoidable.  The  disease  may  then  be 
prevented  almost  to  a  certainty  by  treating  the  wounded  under  canvas,  in 
"  hut-hospitals,"  or  in  the  open.  Should  it  break  out,  the  building  in  which 
it  has  developed  itself  should  at  once  be  abandoned  or  destroyed.  The  spread 
of  this  fell  disease  may  be  prevented  by  at  once  isolating  the  affected  patient, 
treating  him  in  the  open,  putting  him  as  it  were  in  quarantine,  allowing  no 
contact  between  his  attendants  and  other  patients.  Should  it  have  broken 
out  in  a  civil  hospital,  the  first  point  to  attend  to  is  to  jirrrcnf  the  e.riension  of 
Ihe  disease  to  patients  who  are  not  as  yet  affected.  This  may  be  done  by 
separating  those  who  haA-e  been  seized  with  it  irom  the  healthy,  by  preventing 
overcrowding  of  the  hospital,  ventilating  the  wards,  washing  the  floors  with 
a  solution  of  chloride  of  zinc,  Avhitening  the  walls,  and  fumigating  the  apart- 
ment with  chlorine  gas. 

Iiocal  Treatment. — The  first  step  in  the  local  treatment  is,  to  clean  away 
the  slough  till  the  living  tissues  are  exposed,  the  patient  being  under  the  in- 
fluence of  an  anaisthetic.  This  must  be  done  by  means  of  scissors  and  forceps, 
by  scraping  with  a  sharp  spoon  or  spatula,  and  by  forcibly  rubbing  the  surface 
with  a  sponge  or  a  piece  of  tow.  The  metal  instruments  used  for  this  purpose 
must  afterwards  be  disinfected  by  being  held  in  the  flame  of  a  spirit  lamp,  or 
put  in  a  bath  of  carbolic  lotion  (1  in  20)  ;  the  sponge  or  tow  must  l)e  imme- 
diately burnt.  The  raw  surface  must  then  be  freely  cauterized  by  the  ap])lication 
of  fuming  nitric  acid,  chloride  of  zinc,  or  the  actual  cautery.  I  prefer  nitric 
acid,  if  strong  aud  freely  applied,  the  surface  and  edges  being  well  sponged 
with  it.  The  actual  cauteiy  is,  however,  A  ery  useful  in  those  cases  in  which 
the  surface  to  be  destroyed  is  very  extensive,  or  if  there  be  a  tendency  to 
haemorrhage.  Should  it  not  reach  the  deeper  portions  of  the  sore,  nitric  acid 
may  be  freely  sponged  into  them.  It  is  important  to  bear  in  mind  that  these 
cscharotic  applications  will  be  fruitlessly  expended  in  charring  the  tenacious 
grey  pulpy  slough,  unless  this  have  been  prcA  iously  cleared  away.  After  the 
application  of  the  caustic,  the  parts  may  l)e  dressed  with  carbolic  oil,  terebene 
and  oil,  or  some  moist  antiseptic  dressing.  The  German  Surgeons,  who  until 
recently  had  unusual  opportunities  of  studying  this  affection,  mostly  preferred 
chloride  of  zinc.  Konig  recommends  the  following  treatment.  The  sloughs 
having  been  cleared  away,  the  surrounding  skin  must  be  washed  with  carbolic 
acid  lotion  (1  in  20),  or  chloride  of  zinc  (20  gr.  to  l]).  Some  dry  chloride  of 
zinc  is  then  moistened  with  water  till  it  dissolves  into  an  oily  liquid  ;  cotton- 
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Avool  soaked  in  this  is  laid  on  the  raw  snrfaec,  and  pushed  into  am'  in-eguhir 
hollows  or  cavities  of  the  wound,  and  allowed  to  lie  there  for  from  live  to 
twenty  minutes,  according-  to  the  sc\  erity  of  the  case.  It  is  then  removed,  and 
some  efficient  form  of  antisei)tic  dressing  applied.  The  pain  is  usually  severe, 
and  a  hypodermic  injection  of  morphia  should  he  given  to  relieve  it.  The 
slough  formed  by  the  chloride  of  zinc  will  separate  in  from  three  to  ten  days, 
leaving  a  healthy  granulating  surface  beneath,  which  may  be  treated  on 
ordinary  principles.  Tn  military  practice,  in  which  alone  it  is  jirobable  that 
hospital-gangrene  will  be  met  with  in  the  future,  chloride  of  zinc  is  by  far 
the  most  convenient  caustic,  as  it  is  carried  in  the  solid  state,  while  fuming 
nitric  acid  is  dangerous  and  difficult  to  transport. 

Should  arterial  hannorrharje  occur,  it  may  be  arrested  by  the  application  of  a 
ligature  to  the  bleeding  point :  but  if  this  do  not  hold,  as  Avill  probably  be 
the  case  from  the  softened  state  of  the  tissues,  the  actual  cautery  must  be 
applied  ;  or  the  limb  must  be  removed  if  all  other  means  fail. 

Ill  some  cases,  though  the  sloughing  is  checked  at  one  part  of  the  sur- 
face, it  has  a  tendency  to  spread  at  another.  AVhen  this  is  the  case,  it  may 
be  necessary  to  apply  the  caustic  or  cautery  repeatedly.  In  other  instances, 
the  sloughing  cannot  be  stopped,  but  opens  large  arteries,  and  destroys 
the  greater  part  of  the  soft  tissues  of  a  limb  ;  and  then  it  may  be  a  question 
whether  amputation  should  be  jierformed  during  the  spread  of  the  disease,  or 
the  patient  left  to  die  of  hyemorrhage  or  exhaustion.  Such  a  contingency  is 
not  of  common  occurrence  ;  yet  it  may  happen  and  the  operation  be  successful, 
as  appears  from  the  following  case,  though  there  would  necessarily  be  great 
danger  of  a  recurrence  of  the  disease  in  the  stump.  The  wife  of  a  butcher 
applied  at  the  Hospital,  with  a  slight  wound  of  the  forearm,  inflicted  by  a  foul 
hook.  It  was  dressed  in  the  ordinary  way,  but  in  the  course  of  a  few  days 
she  returned  with  extensive  sloughing  phagedtena  of  the  part.  She  was  imme- 
diately admitted,  and  the  disease  was  arrested  by  the  energetic  employment  of 
the  local  treatment  abo\'e  described  ;  not,  however,  until  after  considerable 
destruction  of  the  tissues  on  the  inside  of  the  forearm  had  taken  place.  She 
left  the  Hospital  before  the  wound  was  completely  cicatrized,  and  returned  in 
a  few  davs  with  a  fresh  attack  of  the  disease,  more  extensive  and  severe  than 
the  first,  which  could  not  be  permanently  stopped,  either  by  the  actual  cautery 
or  by  nitric  acid.  The  radial  artery  was  oj^ened  and  required  ligature,  and 
the  whole  of  the  soft  parts,  from  the  wrist  to  the  elbow,  were  totally  dis- 
organized, and  the  bones  exposed.  There  was  now  ^'cry  severe  constitutional 
disturbance,  and  the  case  was  evidently  fast  hastening  to  a  fatal  termination. 
In  these  circumstances  I  am])utated  the  arm  midway  between  the" shoulder  and 
elbow  ;  and,  notwithstanding  that  the  local  disease  was  progressing  at  the 
time  of  the  operation,  and  the  great  constitutional  disturbance  that  existed, 
the  patient  having  a  pulse  of  1  fid  to  170,  at  which  it  continued  for  more  than 
a  fortnight,  she  made  a  good  recovery  ;  to  which  the  free  administration  of 
qm'nine  and  stimulants  greatly  contril)uted. 

The  Constitutional  Treatment  consists  iu  as  nourishing  a  diet  as  the 
patient  will  take,  with  a  liberal  supply  of  stimulants  ;  and  these  may  be 
increased  by  the  addition  of  the  brandy-and-egg  mixture,  or  of  ammonia,  in 
proportion  as  depression  comes  on.  From  five  to  seven  grains  of  the  sulphate 
of  quinine  should  be  given  every  four  or  six  hours,  witii  a  full  dose  of  opium 
at  bed-time,  or  more  frequently  if  there  be  much  pain  and  irritation. 
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SPREADINa    TRAUMATIC  GANGRENE. 

Spreading  Traumatic  Gangrene,  or  as  it  is  often  called,  Spreading 
Gangrene,  the  (janyrme  fomlroijanic  of  Maisoiiueuve,  is  a  most  acute  and 
fatal  form  of  infective  inflammation  usually  following  contused  or  lacerated 
wounds,  particularly  when  complicated  with  fractures,  or  when  opening  a 
joint. 

The  Causes  of  the  disease  are  extremely  uncertain.  The  cases  occm-  spor- 
adically, and  there  is  no  evidence  of  infection,  nor  when  one  case  arises  in  a 
hospital  ward  does  the  disease  tend  to  spread  to  other  patients.  It  is  met  with 
at  all  ages.  The  only  constant  condition  present  is  a  wound,  usually  contused 
or  lacerated,  often  accompanied  by  injuries  to  bones  and  joints,  and  always 
complicated  by  an  accumulation  of  putrefying  blood  or  serum  pent  up  within 
it.  It  is  especially  liable  to  occur  if  a  lacerated  wound  be  injudiciously  closed 
by  .suture  without  proper  drainage  or  antiseptic  precautions. 

It  is  most  common  after  contused  or  lacerated  wounds  of  the  foot  with  con- 
siderable subcutaneous  extravasation  ;   it  also  occasionally  follows  similar  ■ 
injuries  of  the  hand. 

Symptoms.— Spreading  gangrene  always  sets  in  before  suppuration  is . 
established,  usually  on  the  second  or  third  day.  At  first  the  symptoms  appear  • 
to  be  merely  those  of  ordinary  septic  inflammation,  the  result  of  pent-np  • 
decomposing  discharges.  There  is  febrile  .'disturbance  of  the  septic  type  ; : 
there  are  pain  and  swelling  in  the  wound,  with  a  blush  of  redness  extending  • 
for  some  distance  on  each  side  of  it.  The  true  nature  of  the  affection,  how-  - 
ever,  speedily  becomes  apparent. 

The  wounded  limb  at  the  seat  of  injury  swells,  becomes  dusky-red,  and  the 
seat  of  a  deep-seated,  tensive,  burning  pain.  The  swelling,  redness,  and  tension  i 
spread  upwards,  and  are  speedily  followed  by  a  dusky  purplish  tint,  ])y  a  soft . 
doughy  feeling  of  the  parts,  and  in  the  course  of  a  few  more  hours  by  a  deep  > 
blackish-purple  discoloration,  which  spreads  uniformly  and  with  great  rapidity 
through  all  the  tissues  afl'ected.    This  is  accompanied  or  immediately  followed  1 
by  emphysemacous  crackling,  due  to  the  presence  of  gases   which  arc 
developed  by  the  decomposition  of  the  parts  attacked  by  the  gangrene. . 
The  changes  which  are  of  a  putrefactive  nature,  first  develo])  in  the  wound  1 
itself,  and  speedily  extend  from  it  to  the  surrounding  jmrts.    That  portion  off 
the  limb  which  is  below  the  gangrenous  part  becomes  pale,  cold,  and  ocdemjv-- 
tous.    The  portion  which  is  above  becomes  rajjidly  infiltrated  by  serous  s 
exudation,  which  runs  up  the  inner  side  of  the  limb  to  the  axilla  or  groin,  ass 
the  case  may  be.    The  part  immediately  above  the  limit  of  the  tissues  that  are 
actually  mortified  is  swollen  by  edematous  infiltration,  tense,  pitting  slightly^ 
on  pressure,  and  usually  of  a  dusky  brownish-red  colour  ;  and  frequently^ 
beyond  the  edge  of  the  advancing  i-edness,  thei-e  is  a  l)rownish  discolouration, . 
apparently  due  to  pigment,  formed  by  breaking  up  of  the  red  corpuscles  in:, 
the  gangrenous  tissues  and  difi'used  beyond  the  area  of  inflammation.  Thee 
process  has  no  tendency  to  limit  itself ;  the  oedema  and  peculiar  discolouration 
extend  higher  along  the  inner  side  of  the  limb,  where  it  always  first  reaches 
the  trunk.    Emphysematous  crackling  rapidly  spreads  along  the  same  parts, - 
and  the  gangrene  here  travels  with  great  rapidity,  hopelessly  iuM)lving  the 
tissues  and  entering  into  the  areolar  planes  of  the  axilla  or  groin  in  a  very  few. 
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hours.  As  the  gaiijrreno  advances,  the  parts  affoc-ted  fall  into  a  soft,  pulpy, 
hhu'k  mass. 

On  making  an  incision  into  the  parts  so  affected,  it  will  he  found  that  the 
gangrenous  inflammation  is  primarily  seated  in  the  areolar  planes  of  the 
limb,  and  that  the  muscles  arc  not  affected  in  the  first  instance.  It  will  be 
observed  also  that  the  disease  extends  through  the  areolar  tissue,  the  skin 
falling  secondarily  into  slough. 

The  eonstitutional  symptoms  early  assume  the  character  of  acute  septic 
poisoning,  the  patient  sinking  into  a  prostrate  condition,  and  the  temperature 
falling  below  normal.  Unless  relieved  by  treatment  death  almost  invariably 
ensues  in  three  or  four  davs  after  the  invasion  of  the  disease,  and  alwavs  shortlv 
after  the  gangrene  has  reached  the  trunk. 

]{od-shapcd  organisms — l)acteria — have  been  found  in  great  abundance  in 
the  gangrenous  tissues,  and  the  fluids  of  the  pnrt  in  which  the  process  is 
extending.  These  are  most  probably  connected  with  the  rapid  formation  of 
offensive  gases  in  the  dead  tissues,  but  what  part,  if  any,  they  take  in  causing 
the  spreading  inflammation  is  not  determined.  That  there  is  no  specific  con- 
stitutional alicction  is  shown  by  the  amount  of  success  that  attends  early  am- 
putation above  the  affected  part. 

Treatment. — In  the  treatment  of  spreading  gangrene  the  Surgeon  will  be 
placed  in  a  great  difficulty,  whichever  way  he  act.  If  he  trust  to  constitu- 
tional treatment,  in  the  hope  of  a  line  of  demarcation  forming,  he  will 
certainly  be  disappointed,  the  gangrene  rapidly  spreading  up  to  the  trunk  ; 
and  if  he  amputate,  he  may  ju'obaldy  lose  his  patient  liy  the  stump  becoming 
affected.  Yet  amputation  should,  in  my  opinion,  be  performed  at  once. 
For,  although  this  operation  is  necessarily  very  unfavourable  when  practised 
in  these  cases,  yet  it  must  be  remembered  that,  if  the  Surgeon  wait  for  the 
line  of  demarcation  or  trust  to  other  means,  such  as  incisions  or  general 
treatment,  the  patient  will  certainly  die.  The  only  chance  of  safety  in  these 
cases,  then,  lies  in  amputating  early,  and  removing  the  limb  high  above  the 
part  affected  ;  thus,  m  spreading  gangrene  of  the  arm,  at  the  shoulder-joint  ; 
and  of  the  leg,  in  the  upper  part  of  the  thigh.  In  most  cases  it  will  be  found 
that  the  infiltration  precursory  to  the  gangrenous  mischief  runs  up  one  side 
of  the  limb — the  inner  or  jiosterior — -to  a  much  greater  extent  than  the  other. 
In  amputating  under  such  circumstances,  the  Surgeon  may  often  very 
advantageously  so  fashion  his  flaps  as  to  exclude  as  much  as  possible  of  the 
affected  part  or  side  of  the  limb,  forming  them  chiefly  from  that  least 
affected.  A  principal  source  of  danger  and  of  death,  after  amputation 
in  these  cases,  is  recurrence  of  the  morbid  condition  in  the  stumj), 
more  particularly  in  the  lower  extremity.  Out  (»f  twelve  cases  in  which  I 
have  seen  or  done  amputation  for  this  disease,  this  recurrence  happened  in 
seven  instances.  This  tendency  will  be  increased  by  the  proximity  of  the  line 
of  amputation  to  the  gangrenous  limit.  But,  even  under  the  most  un- 
favourable circumstances,  recovery  will  sometimes  take  i)lacc.  Thus  I  lun-e 
seen  the  fia])s  in  amputation  for  spreading  gangrene  infiltrated  with  gelatinous- 
looking  fluid,  and  yet  recovery  take  place.  In  a  man  whose  arm  I  amputated 
at  the  shoulder-joint  for  spreading  gangrene  of  the  limb,  the  infiltration  had 
extended  as  high  as  the  scapula  ;  yet  he  made  a  very  excellent  recovery.  In 
the  lower  extremity  the  liability  to  recurrence  of  the  gangrene  is,  however, 
very  much  greater  ;  and  there  can  be  but  very  little  prospect  of  saving  the 
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patient  if  the  thigh  have  once  become  reddened  and  infiltrated,  even  though: 
tlie  gangrene  do  not  extend  al)Ove  the  knee — invasion  of  the  stump  ensuing^ 
under  such  circumstances  with  almost  absolute  certainty. 

]\Iuch  of  the  success  of  the  case  will  depend  on  the  after-treatment.  This^ 
must  co)isist  ])rin('ii)ally  of  antiseptic  dressings  to  the  stump,  full  doses  of 
liquor  opii,  and  the  early  and  fi'ee  administration  of  stimulants,  more  partin- 
cularly  brandy  and  wine  ;  and  attention  to  these  jaoints  will  often  bring  the 
patient  througli,  though  usually  not  with(nit  much  difficulty  and  great 
constitutional  disturbance. 


ISVASIOX  OF  ERYSIPELAS. 


CHAPTER    XXXI 1. 


ERYSIPELAS. 

The  term  ervsipelas,  or  erysipelatous  iiiflanimatioti,  is  ap[»liod  to  a  group  of 
iufective  inflammatory  processes  att'ecting-  the  skin,  the  subcutaneous  areolar 
tissue,  intermuscular  or  subfascial  areolar  tissue,  mucous  membranes  and  sub- 
mucous tissue,  serous  membranes  and  lymphatic  \-essels,  and  possessing  one 
feature  in  common,  the  fendoici/  fo  s/iread  wit//  {/rent  rapid itij  hy  contimiitij  of 
tisxve,  or  in-  other  icords,  to  assume  a  diffuse '"  farm.  The  true  2)athology  of 
the  erysipelatous  inflammation  is  not  sufliciently  well  known  to  enable  us  to 
separate  the  members  of  the  group  distinctly  one  from  another.  They  are 
Jill  due  to  the  action  of  a  A-irus,  which  infects  the  part  attacked,  increases  in 
(|uantity  in  it  by  a  process  analogous  to  fermentation,  and  diffuses  itself  l)y 
means  of  the  lymph-spaces  and  lymphatic  vessels  exciting  a  characteristic  form 
of  inflammation  as  it  spreads.  The  virus  most  commonly  enters  the  body  by 
means  of  a  wound,  causing  a  })rimary  local  inflammation  followed  by  a  general 
infection  of  the  system,  accompanied  by  a  definite  form  of  febrile  disturbance ; 
but  in  some  forms  of  erysipelatous  inflammation  there  is  evidence  tending  to 
show  that  the  (;onstitntional  affection  is  primary  and  the  local  inflammation 
secondary,  and  again  in  others  there  is  no  evidence  of  a  specific  constitutional 
affection  at  all.  These  differences  will  be  more  clearly  pointed  out  when 
discussing  the  indi\-idual  members  of  the  erysipelatous  group  of  inflammations. 
The  virus  is  probably  not  the  same  in  all  forms  of  the  affection.  The  jirocess  is 
always  accompanied  by  the  i)reRence  of  micrococci  in  the  affected  tissues,  and 
in  some  cases  in  the  blood,  and  evidence  is  steadily  accumulating  in  favour  of 
the  view  that  these  organisms  take  some  part  in  the  causation  of  the  unhealthy 
inflammation. 

Erysipelatous  inflammation  may  attack  a  wound  of  any  size  or  of  any  age  ; 
but  the  statistics  of  University  College  Hospital  show  that  it  most  conmionly 
arises  in  suppurating  wounds,  about  two-thirds  of  the  cases  arising  after  the 
tenth  day,  and  very  few  before  the  fourth. 

The  invasion  of  erysipelas  is  characterized  by  general  malaise  and  depression, 
chilliness,  and  occasionally  actual  rigors,  gastro-intestinal  disturbance,  accom- 
panied by  nausea,  and  sometimes  by  violent  vomiting  and  ])urging.  Cases 
have  been  recorded  in  which  the  first  sym])tonis  have  been  convulsions  of  an 
epileptiform  character.  During  the  chilliness  the  temperature  rises  to  103° 
or  104°  F.  ;  but  the  rise  does  not  show  the  fluctuations  common  in  pyremia. 
The  constitutional  disturbance,  although  usually  at  first  sthenic,  very  speedily 
runs  into  an  asthenic  type,  presenting  in  severe  cases  the  usual  typhoid 
symptoms— a  quick  feeble  pulse,  brown  tongue,  ])ungcnt  hot  skin,  and 
muttering  delirium.  The  disease  is  essentially  an  affection  of  debility.  This 
view  of  the  nature  of  the  constitutional  disturbance  in  erysipelas  is  of  great 
importance  in  reference  to  the  treatment  of  the  disease,  as  it  demonstrates 
the  necessity  of  not  lowering  the  ])atient's  powers  too  much  during  the  early 
period  of  the  aftection,  when  it  often  temporarily  iissumes  a  sthenic  character. 
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Erysipelas  is  especiiilly  apt  to  become  complicated  with  ^^sceral  inflamma- 
tions ;  the  membi-aiies  of  the  brain,  the  bronchi  and  the  Inn.t^s,  or  the  gastro- 
intestinal mucous  surface,  are  commonly  implicated  in  tliis  way  ;  and  it  is 
often  through  these  complications  that  death  results. 

Causi;s. — The  causes  of  erysipelas  are  :  first,  the  fsse/ziial  cause,  the  virus  or 
contagiuni;  and  secondly,  the  predisjwsing  causes,  which  may  be  either  lucal  or 
CO  list  it  ui  tonal — the  latter  being  again  divided  into  those  that  arc  intrinsic  to 
the  patient,  including  those  constitutional  or  local  conditions  predisposing 
him  to  receive  the  virus,  and  those  that  are  crtrinsic,  such  as  are  the  conditions 
of  life  to  which  he  is  habitually  exposed  or  by  which  he  is  surrounded  after  the 
injury  or  operation  to  which  he  has  been  subjected.  The  extrinsic  causes 
may  predispose  the  patient  to  receive  the  virus  by  imjmiring  his  general 
health,  or  may  encourage  the  development  of  the  poison  and  its  transmission 
from  one  individual  to  another. 

The  Essential  Cause. — Erysi])clas  is  undoubtedly  contagious.  The  con- 
tagion of  erysipelas,  after  having  been  repeatedly  denied,  can  no  longer  be 
contested.  Travers,  Copland,  Bright,  Nunneley,  and  others,  have  adduced 
cases  in  proof  of  its  contagious  character  ;  and  instances  have  repeatedly  fallen 
under  my  own  observation,  in  which  erysipelas,  often  unfortunately  fatal,  has 
been  communicated  to  the  sei'vants,  nurses,  or  relatives  of  patients  affected  l)y 
it.  A  remarkable  proof  of  the  contagious  nature  of  erysipelas  occurred  in  the 
winter  of  1851,  in  one  of  my  wards  at  University  College  Hospital.  The 
Hospital  had  been  free  fi"om  any  cases  of  the  kind  for  a  considerable  time, 
Avhen,  on  the  15th  of  January,  at  about  noon,  a  man  was  admitted  under  my 
care  with  gangrenous  erysipelas  of  the  legs,  and  placed  in  Brundrctt  "Ward. 
On  my  visit  two  hours  after  his  admission,  I  ordered  him  to  be  removed  to  a 
separate  room,  and  directed  the  chlorides  to  be  freely  used  in  the  ward  from 
which  he  had  l)een  taken.  Xotwitstanding  these  precautions,  however,  two 
days  after  this,  a  patient,  fi-om  whom  a  necrosed  portion  of  ilium  had  been 
removed  a  few  weeks  previously,  and  who  was  hing  in  the  adjoining  bed  to 
that  in  which  the  patient  with  the  erysipelas  had  been  temporarily  placed,  was 
seized  with  erysipelas,  of  which  he  speedily  died.  The  disease  then  spread  to 
almost  every  case  in  the  ward,  and  proved  fatal  to  several  patients  who  had 
I'ccently  been  operated  upon.  In  some  instances  patients  were  affected  with 
the  constitutional  symptoms  Avithout  any  appearance  of  local  inflammatorv 
action,  but  characterized  by  the  same  gastro-intestinal  irritation  that  marked 
the  other  cases. 

The  contcict  of  dead  or  jndresceni  aninmlmcitters  with  recent  wounds  mav 
occasion  it.  In  this  way  the  disease  is  not  unfrequcntly  originated  ih 
hospitals  by  dressers  going  direct  from  the  dead-house,  and  especially  from 
the  examination  of  the  bodies  of  those  who  have  died  of  diffuse  inflamma- 
tion, to  the  bedside  of  patients,  without  taking  sufficient  care  to  wash  their 
hands  or  change  their  clothes.  For  this  reason  also  it  is  of  great  consequence 
that  the  same  instruments  be  not  used  for  practising  operations  on  the  dead 
and  pcrfornring  them  on  the  living  body. 

As  before  stated  there  is  no  evidence  to  show  that  the  virus  is  the  same  in 
all  forms  of  erysipelatous  inflammation,  in  fact  there  is  strong  reason  to 
believe  that  it  is  not.  In  the  cutaneous  form  of  erysipelas,  it  was  shown  bv 
Lukomski  some  years  ago  that  the  lymph-spaces  of  the  cutis  at  the  spread- 
ing margin  of  the  inflammation  contained  large  numbers  of  micrococci. 
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Quite  recently  Fehlciseii  has  succeeded  in  cultivating  these  organisms  on 
gelatine.  A  small  piece  of  the  affected  skin  was  remo\-cd  and  placed  on  the 
prciiared  gelatine  ;  after  a  short  time  a  white  film,  which  the  microscope 
showed  to  be  composed  of  micrococci,  spread  over  the  surface  of  the  gelatine. 
A  small  speck  of  this  M'as  then  planted  on  anotlier  gelatine  surface  and  again 
the  film  formed.  This  process  was  repeated  many  times,  until  it  might 
reasonably  be  supposed  that  any  chemical  poison  which  might  theoretically 
have  been  adhering  to  the  original  organisms  taken  from  the  skin,  Avas  per- 
fectly eliminated.  The  fungi  Avere  then  inoculated  on  rabbits,  and  gave  rise 
to  a  spreading  inflammation,  exactly  resembling  cutaneous  erysipelas.  After- 
wards similar  inoculations  were  made  on  eight  patients  in  cases  of  cancer, 
sarcoma,  and  lupus,  with  the  view  of  exerting  the  reputed  curative  action  of 
erysipelas  on  these  affections.  Seven  out  of  the  eight  patients,  after  a  period 
of  incubation  of  from  fifteen  to  sixty  hours,  were  aff'ecited  by  genuine 
erysipelas,  with  all  the  characteristic  local  and  constitutional  symptoms.  In 
the  one  case  in  which  the  inoculation  failed,  the  patient  had  recently  recovered 
from  a  spontaneous  attack  of  the  disease.  At  the  Congress  of  German 
Surgeons  in  1883,  Fehleisen  exhibited  a  patient  in  whom  genuine  cutaneous 
erysipelas  had  been  produced  by  the  inoculation  of  micrococci  which  were 
thirty  generations  removed  from  the  original  organisms  obtained  from  the 
•skin,  the  cultivation  having  been  continued  on  gelatine  from  August  1882  to 
April  I880,  It  may  be  said,  therefore,  to  be  almost  proved  to  demonstration 
that  either  directly  or  indirectly  the  micrococci  are  the  cause  of  the  specific 
inflammation.  These  observations  explain  also  the  infectious  and  inoculable 
nature  of  cutaneous  erysipelas. 

There  arc  at  ])resent  no  observations  showing  the  nature  of  the  virus  in 
other  forms  of  erysipelatous  inflammation  ;  but  analogy  would  lead  us  to  infer 
that  they  also  are  due  to  the  inx  asion  of  parasitic  fungi. 

Predisposing  Causes. — Local. — The  principal  local  cause  of  erysipelas 
is  certainly  the  presence  of  a  ■wound  or  raw  surface.  The  statistics  of 
University  College  Hospital  show  that  erysipelatous  inflammation  may 
attack  a  wound  at  any  time  from  its  infliction  to  its  healing.  This  is 
especially  true  of  the  cutaneous  forms  ;  other  varieties  of  erysipelatous  in- 
flammation more  conmionly  start  from  recent  wounds.  The  ]u-esence  ot 
decomposing  discharges  in  the  wound  is  undoubtedly  an  important  predis- 
posing cause,  and  antiseptic  treatment  has  done  much  to  prevent  it.  When 
erysipelas  is  epidemic,  it  is  well  for  the  Surgeon  iiot  to  perform  any  operation 
that  can  conveniently  be  postponed  ;  and  in  no  case  should  a  patient  on  whom 
an  operation  has  recently  been  performed  bo  put  in  a  nciglibouring  bed  to 
a  case  of  erysipelas,  or  even  in  the  same  ward.  The  size  of  the  wound  has 
little  influence  on  the  occurrence  of  erysipelas,  which  takes  place  as  readily 
from  a  small  as  a  large  one.  But  although  the  mere  size  of  a  wound  docs  not 
influence  the  liability  to  the  occurrence  of  erysipelas  in  it,  which  will  as 
readily  follow  a  puncture  as  an  amputation-wound,  yet  its  character  does. 
Thus,  lacerated  wounds  are  much  more  liable  to  be  followed  by  erysipelas 
than  clean-cut  incisions.  And  the  depth  of  the  wound  influences  in  an 
important  manner  the  severity  of  the  erysipelas,  which  is  more  intense  in 
those  injuries  that  penetrate  the  fascia3,  even  though  they  be  cut  to  a  very 
limited  extent,  when  the  disease  may  spread  widely  and  fatally  through  tlie 
deeper  subaponeurotic  and  intermuscular  planes  of  areolar  tissue.     It  is 
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important  in  these  cases  not  to  coiifunnd  a  simple  septic  inflammation  cine  to 
the  presence  of  decomp<)sin<j!-  matter  in  an  ill-drained  wound,  with  genuine 
erysipelatous  inliamniatioii.  Injuries  about  the  head  and  hands  are  said  to  be 
more  liable  to  l)e  attacked  by  erysipelatous  inflammation  than  those  of  other 
parts. 

Constitutional  Causes.— Some  persons  appear  to  be  natural/;/  jircdisposcd 
to  erysipehis  to  so  great  a  degree,  that  the  application  of  cold,  or  slight 
stomach-derangement,  or  a  trivial  su])erficial  injury,  may  excite  it.  This 
predisposition  is  most  generally  acquired  by  habitual  derangement  of  health, 
and  is  especially  induced  by  any  of  the  depressing  causes  of  disease,  such  as 
over-fatigue,  anxiety  of  mind,  night-watching,  and  habitual  disregard  of 
hygienic-rules  as  to  diet,  exercise,  air,  &c.  The  hal)it  of  body,  however,  in 
which  erysipelas  is  most  frequently  met  with  as  a  consequence  of  very  trivial 
exciting  causes,  is  that  which  is  induced  by  the  habitual  use  of  stimulants  to 
excess.  It  is  more  especially  in  that  state  of  the  system  characterized  by  an 
admixture,  as  it  were,  of  iiritability  and  of  debihty,  in  which  all  inflammations 
tend  to  reach  the  stage  of  suppuration,  or  to  assume  a  diff'use  form  that 
erysipelas  is  most  readily  induced.  This  state  is  met  with  amongst  the 
labouring  poor,  as  the  result  of  the  jwivation  of  the  necessaries  of  life,  con- 
joined with  the  habitual  over-use  of  stimulants  and  exposure  to  the  various 
dei)ressing  conditions  of  bad  food,  impure  air,  &c.  Amongst  the  wealthier 
classes  it  occurs  as  a  consequence  of  high  living,  want  of  exercise,  and  general 
indulgence  in  luxurious  and  enervating  habits. 

Some  diseased  dafcs  of  tlie  hlood,  consecjuent  upon  visceral  disease,'appear  to 
])redispose,  in  the  highest  degree,  to  the  supervention  of  erysipelas.  This  is 
especially  the  case  in  diabetes,  and  in  disease  of  the  kidneys  attended  by 
albuminuria.  As  a  conseciuence  of  renal  disease,  erysipelas  often  occurs  from 
the  most  trivial  causes  ;  such  as  a  scratch,  the  sting  of  an  insect,  or  any  of 
the  minor  operations  in  surgery,  more  especially  about  the  lower  part  of  the 
l)ody.  Not  only  is  it  readily  induced  in  this  way,  but  it  will  extend  in  an 
uncontrollable  manner  in  these  states  of  the  system,  and  will  often  assume  a 
gangrenous  form,  there  being  apparently  an  utter  want  of  power  in  the  tissues 
to  resist  the  influence  of  the  virus.  Persons  of  a  gross  and  plethoric  habit, 
with  a  tendency  to  gout,  are  i3redis])osed  to  the  occurrence  of  erysipelas. 
The  blood-degeneration  that  attends  malignant  disease  peculiarly  disjioses  to 
erysipelas,  which  accordingly  more  frequently  takes  place  after  operations  on 
persons  having  such  diseases  than  after  the  removal  of  simple  tumours. 

Persons  whose  nervous  si/fiicms  are  habitually  depressed,  the  semi-idiotic 
and  idiotic  for  instance,  arc  very  prone  to  inflammations  of  an  erysipelatous 
form.  A  person  who  has  once  suffered  from  erysipelas  is  said  to  be  more 
liable  to  the  disease.  Fehleisen  states  that  his  inoculation  experiments 
showed  that  after  the  attack  there  is  a  short  period  of  innnunity,  lastino-  a 
few  Aveeks  or  months.  * 

2.  Extrinsic  Causes.— Amongst  the  circumstances  that  surround  the 
patient  and  that  tend  to  the  protection  of  this  disease,  season  of  the  year  and 
atmospheric  changes  exercise  a  marked  influence.  Erysipelas  is  usually 
supposed  to  be  more  frequent  in  the  spring  and  autumn,  and  the  experience 
at  University  College  Hospital,  where  records  of  such  cases  have  been  very 
accurately  kept,  tends  to  confirm  tliis  idea.  Thus  we  find  that  during  the 
years  1871-2-B-t,  151  cases  of  erysipelas  were  treated  in  tlie  Hospital,  in- 
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eluding-  those  admittted  for  the  disease  and  those  affected  by  it  while  under- 
j?oing  treatment  for  other  affections.  Of  these,  84  occurred  during  the  cold 
months  of  December,  January,  and  re])ruary  ;  43  during  j\Iarch,  April,  and 
May  ;  22  during  the  hot  months  of  June,  July,  and  August ;  and  52  during 
September,  October,  and  ISToNcmber,  It  is  an  interesting  fact,  that  during 
these  four  years  only  one  case  arose  during  the  month  of  July.  It  has 
frequently  been  asserted  that  erysipelas  often  breaks  out  on  the  setting  in 
of  cold  easterly  winds  or  on  sudden  atmospheric  changes.  Observations 
were  made  during  one  year  (1S72)  at  Univei-sity  College  Hospital  Avith  the 
view  of  testing  the  truth  of  this  assertion  ;  but,  as  they  were  not  continued 
after  that  year,  the  time  over  which  they  extend  is  not  sufficient  to  exclude 
chance  from  the  results.  As  far  as  they  went  they  tended  to  show  that  mild 
damp  weather,  with  westerly  winds,  is  a  more  powerful  predisposing  cause  of 
erysipelas  and  other  hospital  diseases  than  cold  dry  weather  with  easterly 
winds,  which  is  exactly  the  reverse  of  the  popularly  received  opinion.  The 
subject  is  one  of  great  interest,  and  is  well  worthy  of  further  investigation. 
Erysipelas  often  becomes  epidemic  as  the  result  of  peculiar,  but  at  present  in- 
explicable, conditions  of  the  atmosphere.  Thus  at  University  College  Hospital 
the  number  of  cases  occurring  during  the  four  years  before  mentioned  was  as 
follows  :  in  1871,  21)  ;  in  1872,  2i)  ;  in  1873,  26  ;  in  1874,  67.  And  not 
only  was  it  at  University  College  Hospital  that  this  excess  of  erysipelas  was 
noticed,  but  every  similar  institution  in  London  suffered  in  the  same  way.  It 
will  usually  be  found  that,  when  erysipelas  is  very  abundant  among  the  in- 
patients of  a  hospital,  similar  cases  present  themselves  for  treatment  in  the  out- 
patient department :  and  at  the  same  time  it  is  generally  noticed  that  phlebitis 
of  varicose  veins,  epidemic  catarrh,  acute  tonsillitis,  and  other  allied  affections 
prevail.  Epidemic  erysipelas  may  vary  in  its  type.  Thus  the  epidemic  of 
1874  was  cliiefly  of  the  cutaneous  variety,  and  was  accompanied  by  compara- 
tively slight  tendency  to  gangi-ene  or  sloughing  ;  Avhile  that  of  1872,  in 
Edinburgh,  was  of  a  violent  phlegmonous  type,  usually  attacking  the  sub- 
cutaneous tissue  and  leading  to  extensive  diffuse  sloughing  and  suppuration. 

The  gi-eat  predisposing  cause  of  erysipelas  is,  however,  to  ])e  sought  for  and 
will  be  found  in  a  want  of  aUenlion  io  hygienic  conditions.  It  is  one  of  the 
penalties  inflicted  by  nature  on  those  who  neglect  those  prime  requisites  of 
health — temperance  and  cleanliness — or  who  are  incapable  of  obtabiing  good 
food  and  pure  air.  Were  the  laws  of  hygiene  attended  to  as  they  should  be, 
eiysipelas  and  the  allied  diffuse  inflammations  would  rarely  l)e  met  with  in 
surgical  practice.  Overcroicding  of  hospitals,  and  want  of  proper  ventilation  in 
wards  or  rooms,  are  fertile  sources  of  erysipelas,  and  of  the  allied  processes. 

Erysipelas,  however,  cannot  be  as  certainly  generated  in  tliis  way  as  some 
other  unhealthy  processes  in  Avounds,  such  as  hospital  gangrene,  or  pyaemia. 
This  has  frequently  been  observed  in  military  practice.  Thus,  after  the  battle 
of  Sedan,  although  the  wounded  Avere  in  some  hospitals  almost  decimated  by 
pygemia,  eiysipelas  Avas  very  rarely  met  Avith.  In  the  Amei'ican  War  it  is 
stated  to  liave  occurred  in  0.4  per  cent,  of  the  AA-ounded.  It  generally  occurred 
in  badly  ventilated  hospitals,  and  s])read  rapidly  from  one  patient  to  another. 
It  Avas  less  frequent  in  cases  treated  in  tents,  but  occasionally  it  made  its 
appearance  under  the  most  favourable  hygienic  conditions.  These  facts  tend 
to  confirm  the  view  that  genuine  erysipelas  is  due  to  a  specific  virus  wliich  is 
not  uniA'ersally  present.    In  old  hospital  buildings  in  which  the  disease  has 
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frequently  occuiTed  the  poison  may  be  constantly  present,  waiting  only  for 
favourable  conditions  to  manifest  itself. 

The  different  forms  of  erysipelatous  inflammation  are  most  conveniently 
described  as  they  affect  different  tissues  and  organs.  With  this  view,  we  may 
divide  tliem  iirimarily  into  External  and  Internal  Erysipelas. 

External  Erysipelas  is  that  variety  of  disease  which  affects  the  skin  and 
subcutaneous  areolar  tissue.  This  form  has  been  described  with  an  absurd 
degree  of  minuteness,  so  far  as  the  transitory  and  accidental  characters  of  its 
duration,  shape,  and  appearance  are  concerned,  by  many  of  the  writers  on 
Diseases  of  the  Skin  ;  who,  in  their  anxiety  to  record  minute  and  often  acci- 
dental shades  of  difference  in  appearance,  have  entirely  lost  sight  of  the  true 
natm-e  of  the  disease.  The  di^'ision  adopted  by  Ivawrenee  into  the  Simple, 
the  (Edematous,  and  the  Phlegmonous  forms,  is  a  practical  arrangement 
that  is  commonly  adopted  l)y  Surgeons.  I  prefer,  however,  and  shall  adopt, 
the  division  made  by  Nunneley  in  his  very  excellent  work  on  Erysipelas,  as 
founded  on  the  true  pathology  of  the  affection.  He  arranges  external  ery- 
sipelas under  three  varieties :  1.  Cutaneous  ;  2.  Cellulo-cutaneous  ;  and  3. 
Cellular. 

The  statistics  of  University  College  Hospital  give  the  following  results, 
showing  the  relative  frequency  of  these  affections.  During  a  period  of  ten 
years  196  cases  were  admitted  under  the  care  of  the  Surgeons  or  arose  in  the 
surgical  wards.  Of  these  148  were  cutaneous,  24  cellulo-cutaneous,  or  phleg- 
monous, and  24  cellular  or  cellulitis.  To  these  may  be  added  3G  eases  of  so- 
called  idiopathic  cutaneous  erysipelas  admitted  under  the  care  of  the  Phy- 
sicians, making  a  total  of  184  cases  of  the  cutaneous  form  out  of  232,  or 
nearly  80  per  cent. 

1.  Cutaneous  Erysipelas  is  the  slightest  form  of  the  disease,  implicating 
merely  the  skin  ;  it  comprises  many  of  the  species  of  crythevui  of  different 
writers,  and  corresponds  to  the  simple  erysipelas  of  Lawrence.  To  describe 
it  merely  as  a  cufaneous  disease,  a  dermatitis,  as  has  often  been  done,  is,  how- 
ever, not  only  highly  incorrect,  but  unphilosophical,  and  evinces  a  very  limited 
acquaintance  with  its  true  nature. 

The  constitutional  disturbance  forms  as  essential  a  part  of  the  disease  as  it 
does  in  scarlet  fever  or  measles.  In  fact  a  constitutional  fever  may  occur  of 
precisely  the  same  type  as  that  which  we  observe  to  precede  and  to  accompany 
the  local  inflammation,  without  any  such  complication.  This  I  had  special 
occasion  to  observe  in  a  very  fatal  outbreak  of  erysipelas  that  took  place  in  one 
of  my  wards  some  years  ago.  On  that  occasion,  all  the  cases  in  which  the 
cutaneous  form  of  erysipelas  appeared  were  marked  by  severe  constitutional 
disturbance,  attended  by  much  gastro-iutestinal  irritation.  But  precisely  the 
same  type  of  general  febrile  symptoms,  and  the  same  irritation  of  the  stomach 
and  bowels,  occurred  in  patients  in  the  same  ward  in  whom  no  local  or  surface 
manifestation  of  the  disease  took  place. 

Symptoms. — The  invasion  of  cutaneous  erysipelas  is  marked  by  alternate 
chills  and  flushes,  but  seldom  by  a  distinct  rigor.  These  are  followed  by 
headache,  nausea,  a  quick  pulse,  a  coated  tongue,  and  hot  skin  ;  in  from 
twenty-four  to  forty-eight  hours  the  rash  appears,  though  sometimes  it  comes 
out  simultaneously  with  the  constitutional  disturbance.  If  there  be  a  wound, 
its  surface  becomes  dry,  and  the  margins  become  slightly  swollen,  and  the 
characteristic  rash  spreads  away  from  them  into  the  surrounding  skin.  The 
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disease  may  occur  idiopathically  also  ;  that  is  to  say,  it  may  apparently  start 
ill  the  unbroken  skin.  Trousseau,  and  others,  have  asserted  that  even  in  these 
cases  it  always  starts  from  some  shglit  abrasion  which  has  been  overlooked. 
When  arising  in  this  way  it  commences  most  commonly  at  the  junction  of 
mucous  membrane  and  skin,  as  at  the  angle  of  the  moutli,^thc  ala  of  the  nose, 
the  corner  of  the  eye,  the  meatus  of  the  car,  or  tlie  margin  of  the  anus.  In 
rare  cases  it  may  arise  spontaneously  on  the  limbs.  I  have  seen  it  commence 
in  the  unbroken  skin  over  an  abscess.  This  so-called  idiopathic  erysipelas  is 
the  same  disease  as  that  in  which  the  rash  starts  from  a  wound,  although  this 
has  been  doubted.  During  an  outbreak  of  erysipelas  in  a  surgical  ward  the 
two  forms  may  arise  in  different  cases  as  the  result  of  the  same  infection. 

The  rash  is  of  a  uniform  but  vi\  id  rosy-red  hue,  sometimes  becoming  dusky, 
and  always  disappearing  on  pressure  ;  when  advancing,  it  is  characterized  by  a 
sharply-defined  border  slightly  raised  above  the  healthy  skin,  but  when  sub- 
siding it  fades  away  into  the  colour  of  the  healthy  skin.  It  is  accompanied  by 
some  slight  cedematous  swelling,  fi-equently  recognizable  only  by  the  perma- 
nent impression  left  by  the  finger-nail  pressed  on  the  skin,  but  which  is  often  con- 
siderable where  the  areolar  tissue  is  loose,  as  in  the  eyelids  and  scrotum ;  and  there 
is  usually  a  sense  of  stiffness  with  a  burning  sensation  in  the  part,  and  not  un- 
fi'equently  greatly  increased  sensibility.  Vesicles  or  bullte  often  form,  containing 
a  clear  serum,  which  speedily  becomes  turbid,  and  dries  into  fine  branny  desqua- 
mation. The  redness  may  spread  rapidly  along  the  limb  or  trunk,  or,  if  the  face 
be  affected,  may  travel  quickly  from  one  side  to  the  other,  causing  such  swelling 
of  the  eyelids  as  to  close  them,  and  giving  rise  to  swelling  and  much  tensive  pain 
in  the  ears.  The  disease  is  invariably  accompanied  by  enlargement  and  tender- 
ness of  the  lymphatic  glands.  In  some  cases  this  may  even  precede  the  rash. 
Sometimes  the  cutaneous  eruption  disappears  in  one  part  of  the  body  and 
reappears  in  another.  This,  which  is  the  erratic  erysipelas,  is  often  a  dan- 
gerous form  of  the  affection,  occun'ing  in  advanced  stages  of  pytcmia,  and 
indicating  the  approach  of  death.  In  the  idiopathic  varieties  of  erysipelas, 
Arnott  states  that  the  fauces  are  always  involved. 

The  inflammation  in  cutaneous  erysipelas  has  no  tendency  to  terminate  in 
suppuration.  In  some  parts  in  Avhich  the  areolar  tissue  is  very  loose,  espe- 
cially in  the  eyelids,  suppuration  occasionally  takes  place.  It  then  seems  to  be 
the  result  rather  of  the  tension  caused  by  the  effusion  than  of  the  irritation  of 
the  specific  virus. 

When  the  inflammation  is  passing  off  the  pain  abates,  the  colour  fades,  the 
swelling  subsides,  and  the  cuticle,  that  has  been  detached  by  the  serous 
transudation,  flakes  off  in  thin  layers,  and  the  skin  returns  to  its  normal 
state.  In  other  cases,  oedema  of  the  part  continues,  with  some  irritability 
and  redness  of  the  skin  and  peeling  of  the  cuticle  ;  and  in  some  rare  cases  the 
simple  erysipelas  seems  to  take  on  a  gangrenous  or  sloughing  character,  espe- 
cially about  the  umbilicus  and  genitals  of  young  children. 

The  Constitutional  Symptoms — The  fever  of  cutaneous  erysipelas  con- 
tinues as  long  as  the  rash  is  spreading.  The  temperature  seldom  rises  above 
100°  F.,  more  commonly  it  keeps  below  104°  F.  There  are  no  marked  varia- 
tions beyond  the  ordinary  morning  fall  and  evening  rise  met  with  in  all  febrile 
affections.  The  pulse  may  at  first  be  full  and  strong,  but  it  soon  falls  in  force 
and  becomes  more  frequent.  There  is  frequently  some  delirium,  which  in  the 
early  stages  may  be  violent,  but  later  on  becomes  feeble  and  muttering. 
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Delirium  is  especially  marked  in  erysipelas  of  the  head,  and  was  formerly 
supposed  to  be  due  to  alfection  of  the  membranes  of  the  brain.  It  has  been 
shown,  however,  post-mortem  examination  of  fatal  cases,  that  meningitis  is 
very  rare  except  in  cases  of  erysipelas  attacking  a  compound  fracture  of  the 
skull,  or  spreading  into  the  fat  of  the  orbit.  The  delirium  is  usually  due  to 
the  blood-condition,  and  is  always  a  gi'ave  sign.  The  tongue  is  at  first  much 
coated,  and  soon  becomes  dry  and  brown  ;  there  are  also  in  most  cases  a  good 
deal  of  derangement  of  the  digesti^•e  organs,  with  tenderness  about  the 
epigastrium,  and  complete  loss  of  appetite  ;  the  evacuations  are  dark  and 
offensive,  and  not  unfrequently  there  is  diarrhoea. 

Cutaneous  erysipelas  is  a  most  depressing  disease,  the  patient  even  after  a 
comparatively  slight  attack  being  ft'equcntly  much  reduced  in  strength, 
aneemic,  and  emaciated. 

The  duration  of  an  attack  of  cutaneous  erysipelas  is  very  uncertain,  it  may 
last  from  three  days  to  three  weeks,  and  relapses  are  very  common  by  which 
it  may  be  prolonged  to  a  month  or  more. 

Pathological  Anatomy.— After  death  the  red  tint  fades,  leaving  the  skin 


yig.  :!r)4. — ■Micnn'occi  in  tlif  Iym]ih-siiacc'S  i>f  the  skin  from  a  case  of  cutaneous  ery.si]>el;is. 
The  (lark  ]'atcli  in  tlie  ni)in;r  right  hand  corner  is  the  deeper  layer  of  the  epidermis. 
(From  !i  photograph  liy  Koch.) 


of  a  yellowish  tint ;  if  it  be  cut  into,  it  is  found  to  contain  an  excess  of  serous - 
fluid.  If  the  spreading  margin  be  examined  microscopically,  numerous- 
migrating  leucocytes  are  found  in  the  spaces  of  the  fibrous  tissue,  especially 
around  the  vessels,  and  the  lymphatic  vessels  also  are  blocked  by  similar  cells. . 
Lukomsky  and  V.  Recklinghausen  first  pointed  out  that  the  lymphatic  vessels < 
and  spaces  in  the  spreading  margin  contain  numerous  micrococci,  in  some  ■ 
cases  so  closely  packed  as  to  form  an  opaque  granular  mass  (Fig.  354).. 
These  are  not  present  when  the  rash  is  receding,  nor  in  the  parts  over:' 
which  it  has  passed.  These  observations  have  been  fullv  confirmed  bv  subsc-- 
quent  ol)servers.  The  relation  of  these  organisms  to  the  process  has  been  ', 
already  described  (p.  808). 

According  to  Koch,  the  micrococci  are  not  found  in  the  blood-vessels  or  blood. . 
Hiller  states  that  if  the  blood  be  examined  numerous  white  corpuscles  in  a  i 
state  of  degeneration  are  found,  having  become  converted  into  masses  of: 
highly  refi-acting  granules.  Busk  has  described  the  occurrence  of  plugs  of : 
such  corpuscles  in  the  capillaries  of  the  lung,  and  Bastian  has  observed  a; 


DIAGNOSIS  AXD  PROGNOSIS. 


917 


similar  condition  in  the  brain.  The  internal  organs  present  nothing  that  is 
characteristic.  As  in  all  diseases  accompanied  by  high  fever  and  general 
blood-poisoning,  the  epithelium  of  the  kidneys  and  liver'^is  found  in  a  state  of 
cloudy  swelling,  and  the  spleen  is  in  some  cases  enlarged.  The  lungs  are 
usnally  congested.  Sometimes  marked  post-mortem  staining  of  the  blood- 
vessels^  and  organs  is  found  very  soon  after  death,  and  occasionally  small 
petechiaj  are  scattered  l)eneath  the  serous  membranes. 

Diagnosis. — The  diagnosis  of  the  cutaneous  erysipelas  is  generally  easily 
made.  From  the  emntlicmata,  it  is  distingnishcd  by  the  cliaracter  of  the 
eruption  ;  the  way  in  which  it  spreads  from  a  single  spot,  nsnally  a  wonnd  or 
raw  surfoce,  and  especially  by  the  characteristic  sharply  defined  margin.  It  is 
most  commonly  confounded  with  the  red  blush  surrounding  a  wound  in  which 
septic  matter  is  pent  up  ;  in  this,  however,  the  margin  of  the  redness  is  not 
sharply  defined  ;  the  enlargement  of  the  lymphatic  glands  and  the  definite  in- 
vasion are  usually  absent.  From  inti animation  of  the  veins'  or  of  t/te  lymphatics ^ 
the  diagnosis  is  not  always  easy,  more  especially  as  the  two  conditions 
frequently  co-exist.  If  a  vein  is  inflamed,  the  general  absence  of  cutaneous 
redness,  the  existence  of  a  hard  round  cord,  and  the  tenderness  along 
the  course  of  tlie  vessel,  are  sufficient  to  establish  the  diagnosis.  In  in- 
flammation of  the  lymphatic  vessels  the  redness  is  not  uniform,  but  consists 
of  a  number  of  small  and  separate  red  streaks,  running  in  the  direction  of  the 
lymphatics,  and  aftecting  the  glands  towards  which  they  course.  These  two 
afiections — erysipelas  of  the  skin  and  inflammation  of  the  lymphatics — are  so 
frequently  conjoined  that  a  differential  diagnosis  is  not  of  much  importance. 

Prognosis. — The  prognosis  in  uncomplicated  cutaneous  erysipelas  is  by  no 
means  grave.  Of  3(5  cases  of  idiopathic  erysipelas  admitted  under  the  care  of 
the  physicians  in  University  College  Hospital  during  a  period  of  ten  years  only 
two  died,  and  one  of  them  was  suffering  from  chronic  Bright's  disease.  When 
traumatic  the  disease  is  far  more  dangerous.  Of  148  cases  admitted  under 
the  Surgeons  or  breaking  out  in  the  surgical  wards  during  a  similar 
period  35  died.  In  only  five  is  no  special  complication  mentioned  in 
the  report,  and  one  of  those  was  an  infant.  Two  died  from  pneumonia, 
seven  of  pyasmia  which  attacked  ,the  patient  after  the  erysipelas  had  sub- 
sided, two  of  meningitis  from  injury  to  the  head,  two  suffered  from 
Bright's  disease,  two  from  severe  constitutional  syphilis,  one  from  general 
albuminoid  degeneration,  two  from  advanced  cancer  of  the  In-east,  one  from 
cancer  of  the  liver,  one  from  heart  disease,  two  from  suppuration  of  the  kidney 
secondary  to  cystitis ;  one  had  a  large  cavity  in  the  lung ;  one  was  an  habitual 
drunkard,  one  was  in  very  bad  health,  and  one  was  dying  at  the  time  of  in- 
vasion ;  one  died  from  bed-sores,  one  from  secondary  hasmorrhage,  one 
from  an  abscess,  and  one  from  thrombosis  of  the  veins  of  the  leg  and  slough- 
ing of  the  skin  after  the  specific  disease  had  subsided.  These  statistics  show 
that  cutaneous  erysipelas  rarely  jiroves  fatal  unless  it  attacks  an  individual 
previously  suffering  from  grave  constitutional  disease,  but  that  by  exhausting 
the  strength  it  may  leave  the  patient  liable  to  fall  a  victim  to  other  complica- 
tions of  wounds  such  as  pyemia.  Disease  of  the  kidneys  is  always  a  most 
serious  complication.  High  fever,  violent  delirium,  profuse  diarrhoea,  and 
early  prostration  are  grave  signs  during  the  progress  of  the  case.  Traumatic 
erysipelas  is  more  dangerous  than  idiopathic,  as  other  unhealthy  processes  arc 
apt  to  follow  in  the  wound  ;  on  the  other  hand,  sores  which  have  been  making 
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no  progress  for  a  long  time  often  lieal  rapidly  after  an  attack  of  cutaneous 
erysipelas.    The  disease  is  most  dangerous  in  the  extremes  of  life. 

Treatment— Preventive  Measures— The  occurrence  of  erysipelas  is 
best  guarded  against  by  attention  to  hygienic  measures,  more  particularly 
proper  ventilation  with  pure  air,  and  the  avoidance  of  overcrowding  of  patients. 
In  hospitals,  the  frequency  of  its  occurrence  may  most  materially  be 
lessened  Ity  careful  regulation  of  the  hygienic  conditions  that  surround  the 
patiunt.  With  every  care,  however,  erysipelas  can  never  be  completely  eradi- 
cated from  surgical  wards,  as  it  is  often  epidemic,  brought  into  the  hospital 
from  without,  and  in  many  cases  the  conditions  that  lead  to  its  development 
have  influenced  the  patients  so  deeply  before  their  admission  into  hospital,  that 
no  subsequent  attention  can  jn-event  its  occurrence  afterwards.  It  often  hap- 
pens that  erysipelas  is  unusually  frequent  in  certain  wards  and  even  in  certain 
beds.  Its  persistence  in  these  respects  will  be  found  to  be  owing  to  some  local 
cause,  such  as  the  emanations  from  a  drain  or  dust-bin,  on  the  removal  of  which 
the  disease  will  cease.  Scrupulous  attention  to  cleanliness  also  on  the  part  of 
nurses  and  dressers  should  be  enforced,  and  the  latter  should  not  be  allowed  to 
go  straight  from  the  dead-house  to  the  ward  without  previously  Avashing  their 
hands  in  some  disinfectant  or  antiseptic  solution.  When  erysipelas  has  already 
occurred,  its  further  spread  may  be  prevented  by  isolating  the  affected  patients, 
and  at  once  taking  active  measures  to  purify  the  ward  from  which  they  have 
been  removed. 

The  Guraliue  Treatment  of  cutaneous  erysipelas  must  always  be  conducted 
with  reference  to  the  depressing  character  of  the  disease.  The  apparent 
intensity  of  the  local  inflammation  observed  in  some  cases,  must  not  lead  the 
Surgeon  into  the  fatal  error  of  employing  any  so-called  antiphlogistic  treat- 
ment. The  treatment  required  is  essentially  of  a  tonic  and  stimulating 
character.  The  principal  medicinal  remedies  consist  of  bark,  quinine,  iron, 
and  ammonia.  If  there  be  much  thirst,  these  remedies  may  be  given  in  an 
effervescent  form.  But  in  any  case  they  should  be  administered  in  frequent 
doses.  If  medicines  are  not  well  borne,  the  stomach  rejecting  them,  I  have 
seen  the  best  possil)le  results  follow  the  free  administration  of  the  brandy-and- 
egg  mixture,  to  which  I  am  in  the  habit  of  trusting  iu  the  majority  of  these 
cases.  During  the  progTess  of  the  disease,  simple  purgatives  must  be  given 
fi-om  time  to  time.  Tincture  of  the  perchloride  of  iron,  originally  recommended 
by  Hamilton  Bell  iu  small  and  repeated  doses,  is  now  often  given  in  large  doses, 
forty  minims  every  four  hours,  by  Russeh  Beynolds  and  others.  It  is  sup- 
posed to  exert  a  specific  influence  on  the  disease,  and  is  certainly  useful. 

The  Local  Treatment  is  of  equal  importance  Avith  the  constitutional.  In- 
numerable modes  of  treatment  have  been  recommended  by  different  Surgeons, 
but  all  are  agreed  that  the  first  essential  is  to  keep  the  inflamed  part  warm. 
Cold  lotions  should  never  under  any  circumstances  be  employed  ;  they  lessen 
the  vitality  of  the  part,  and  may  thus  cause  local  sloughing.  In  slight  cases 
the  part  should  be  covered  with  flour  or  starch  powder  dusted  over  it,  and 
Avrapped  in  cotton  avooI.  In  the  more  severe  forms,  Avarm  applications  assidu- 
ously continued,  especially  poppy  and  chamomile  fomentations  applied  by 
means  of  flannels  or  spongio-piliue,  afford  the  greatest  possible  relief.  The 
surface  may  at  the  same  time  be  covered  with  a  paint  composed  of  equal  parts 
of  glycerine  and  extract  of  belladonna.  Astringent  applications  to  the  inflamed 
surface,  such  as  a  strong  solution  of  the  nitrate  of  silver,  are  recommeudcd  by 
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sonic  Surgeims.  I  saw  them  rather  extensively  employed  in  former  years, 
but  not  with  any  very  marked  success.  At  University  College  Hospital 
the  treatment  recommended  by  Yalette  of  Lyons  has  been  lately  tried  in  several 
cases  with  very  good  results.  A  ;-3o  per  cent,  solution  of  perchloride  of  iron  is 
prepared  (roughly  5]'  of  solid  perchloride  to  siv  of  water)  ;  forty  minims  of 
this  solution  may  be  gi^•en  internally  with  a  little  syrup  or  glycerine  and  water 
every  two  or  three  hours,  and  externally  the  pure  solution  is  applied  to  the 
inflamed  area.  Yalette  insists  that  this  must  be  done  thoroughly,  the  solution 
must  not  merely  be  painted  on,  it  must  be  rubbed  in  Avith  a  piece  of  lint  or 
cotton  wool.  If  necessary  the  grease  must  be  removed  from  the  surface  of  the 
skin  by  washing  with  soap  and  warm  water  before  the  lotion  is  applied.  The 
application  is  repeated  twice  a  day  as  long  as  it  is  necessary.  A  boundary 
line  of  nitrate  of  silver  is  occasionally  drawn  around  the  inflamed  part,  with  a 
view  of  checking  the  extension  of  the  disease.  I  have  often  done  this,  and 
seen  it  done  by  others,  but  never  apparently  with  any  benefit ;  and  have  now 
discontinued  the  practice  as  an  useless  source  of  irritation. 

The  local  abstraction  of  blood  and  of  scrum  from  the  inflamed  part,  by  the 
plan  introduced  by  Sir  R.  Dobson,  of  rapidly  making  with  the  point  of  a  lancet 
a  large  number  of  small  punctures,  from  a  quarter  to  half  an  inch  deep,  is  of 
much  value  when  the  tension  and  swelling  are  extreme  ;  a  hot  fomentation 
cloth  should  be  laid  over  the  punctures  so  as  to  encourage  bleeding,  and  the 
escape  of  serum.  If  the  disease  have  attacked  one  of  the  limbs,  the  application 
of  a  bandage  is  occasionally  necessary  after  the  disappearance  of  the  erysipelas, 
in  order  to  remove  the  cL'dema  that  remains,  and  to  support  the  softened  and 
weakened  tissues. 

2.  Cellulo-Cutaneous  or  Phlegmonous  Erysipelas  differs  from  simple 
cutaneous  in  so  many  respects,  that  by  many  authors  it  is  regarded  as  an 
entirely  distinct  att'ection,  dependent  on  a  difl'erent  virus  and  different  pre- 
disposing causes.  It  was  described  by  Dupuytreii  under  the  name  of  "diffuse 
phlegmon."  The  nature  of  the  virus  is  not  known,  and  there  is  no  evidence 
that  it  is  inoculable,  though  analogy  would  lead  us  to  believe  that  it  is  so.  It 
does  not  spread  from  patient  to  patient  if  a  case  be  admitted  into  a  general 
ward,  nevertheless  the  patient  should  be  isolated,  as  our  knowledge  of  the 
nature  of  the  disease  is  not  sufficient  to  justify  us  in  abandoning  such  precau- 
tions. It  has  been  said  to  occur  occasionally  in  an  epidemic  form.  It  rarely 
occurs  in  its  worst  form,  except  in  persons  who  have  been  addicted  to  excessive 
drinking,  or  who  are  suffering  from  chronic  disease  of  the  kidneys.  Locally, 
it  differs  from  cutaneous  erysipelas  in  the  intensity  of  the  inflanunation,  which 
is  such  that  it  invariably  cerminates,  if  left  to  itself,  in  difl'use  suppuration 
and  sloughing.  In  depth  it  always  extends  to  the  subcutaneous  areolar  tissue, 
and,  though  generally  bounded  by  the  underlying  fasciae,  it  not  unfrcqucntly 
implicates  them  if  they  have  been  opened  up,  and  extends  to  the  intermuscular 
areolar  planes,  the  sheaths  of  the  tendons,  and  other  deep  structures.  There 
is  no  defined  margin  to  the  superficial  redness,  and  the  lymphatic  glands  are 
frequently  uualiectcd. 

Symj^loms. — The  inflammation  may  start  from  a  wound  or  abrasion  at  an 
early  period  after  its  infliction,  but  frequently  no  such  cause  can  be  recognized. 
It  is  ushered  in  by  the  ordinary  symptoms  of  inflammatory  fever,  accompanied 
or  foUowed  by  the  signs  of  severe  inflammation  in  the  part  aflected.  The  red- 
ness is  uniform,  of  a  deep  scarlet  hue,  and  pretty  distinctly  bounded  ;  the  pain 
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is  from  the  first  pungent  and  bm-nino:,  though  it  may  soon  assume  a  throbbing 
character;  the  swelling,  at  first  soft,  diffused,  and  pitting  disfcmctly,  soon 
increases,  and  becomes  tense  and  Ijrawny,  the  skin  being  evidently  stretclied 
to  its  full  extent,  and  the  part  appearing  to  be  perhaps  twice  its  natural  size. 
Large  vesications  or  blebs  containing  sero-purulent  fluid,  sometimes  blood- 
stained, appear  in  many  cases.    This  condition  usually  continues  up  to 
the  sixth  or  eighth  day  after  the  invasion  of  the  disease,  during  the  whole  of 
Avhich  time  the  constitutional  symptoms  have  presented  the  ordinary  type  of 
sthenic  inflammatory  fever ;  about  this  time,  however,  a  change  commonly  takes 
place,  either  for  better  or  for  worse.  If,  under  the  influence  of  proper  treatment, 
and  in  a  tolerably  healthy  constitution,  the  inflammation  subside,  resolution  takes 
place,  with  a  gradual  abatement  of  all  the  symptoms.    If,  however,  as  usually 
happens,  the  disease  runs  on  to  more  or  less  sloughing  or  suppuration  of  the 
part,  no  increase  of  the  sweUing,  pain,  or  redness  takes  place,  but  on  the  con- 
trary, some  diminution  of  these  signs  may  occur,  and  thus  give  rise  to  a  decep- 
ti\-c  appearance  of  amendment.    The  skin  becomes  darkly  congested,  and  the 
part,  instead  of  being  tense  and  brawny,  has  a  somewhat  loose,  soft,  and  boggy 
feel,  communicating  a  semi-fluctuating,  doughy  sensation  to  the  fingers.  This 
change  from  a  tense  brawny  state  to  a  semi-pulpy  condition  indicates  the  forma- 
tion of  pus  and  slough  beneath  the  integument,  and  occurs  mthout  any  material 
alteration  in  the  size,  colour,  or  general  appearance  of  the  part  ;  pus  can  be 
detected  only  by  careful  palpation.    Hence  the  Surgeon  must  daily  examine 
with  his  own  fingers  the  state  of  the  part,  and  neither  trust'  to  the  reports  of 
others,  nor  to  the  general  appearance  of  the  diseased  structures,  for  a  know- 
ledge of  the  probable  condition  of  the  subjacent  tissues.    If  an  incision  be  now 
made  into  the  affected  part,  the  areolar  tissue  will  be  found  loaded  Avith 
an  opalescent  fluid  distending  its  interstitial  loculi,  but  not  flowing  from  the 
wound  ;  the  retention  of  this  fluid  gives  a  gelatinous  appearance  to  the  sides 
of  the  incision,  which  rapidly  degenerate  into  slough  and  pus.  If  the  alteration 
in  structure  have  advanced  to  a  stage  beyond  this,  the  areolar  tissue  wiU  be 
found  to  have  been  converted  into  dense  masses  of  slough,  bathed  in  thin  and 
unhealthy  ichorous  pus  ;  these  sloughs  have  not  inaptly  been  compared  in 
appearance  to  masses  of  decomposed  tow,  of  wet  chamois  leather,  or  to  the 
membranes  of  an  embryo  a  few  months  old.    Whilst  these  changes  are  going 
on  below  the  surface,  the  skin,  at  first  congested,  becomes  somewhat  paler, 
and  assumes  a  marbled  appearance,  rapidly  forming  into  black  sloughs,  and 
being  undermined  by  large  quantities  of  broken-up  areolar  tissue  and  of 
ill-conditioned  pus,  without  any  appearance  of  pointing,  however  exten- 
sive the  subcutaneous  mischief  may  be.    These  destructive  changes  expose 
muscles,  fascife,  and  blood-vessels,  and  may  induce  necrosis  of  the  bone,  or  sup- 
puration of  the  joints.  They  occur  most  readily  in  those  parts  of  the  body  that 
possess  the  lowest  degree  of  vitality,  and  hence  are  more  common  in  the  legs 
than  in  the  scalp.    As  soon  as  the  skin  gives  way  the  sloughs  undergo  ordi- 
nary offensive  putrefaction,  and  the  products  of  this  process  cause  local  aggra- 
vation of  the  inflammation  and  the  constitutional  symptoms  of  septic  poisoning. 
If  the  patient  recover,  there  will  be  tedious  cicatrization  of  the  deep  cavities 
that  are  left ;  or  considerable  oedema,  often  of  a  solid  character— a  kind  of  false 
hypertrophy  of  the  part — which  may  continue  for  some  considerable  time.  In 
other  cases,  there  may  be  such  extensive  local  destruction  or  gangrene  of  the 
soft  tissues,  with  exposure  and  death  of  the  bones  or  suppuration  of  the  joints, 
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that  amputation  of  the  limb  may  be  required  to  save  the  patient's  hfe.  No 
operation  of  this  kind,  however,  should  c\  er  be  practised  for  the  eifects  of 
erysipelas,  unless  they  be  strictly  localized,  and  without  tendency  to  spread  ; 
nor  until  the  fever  has  subsided  completely,  except  such  as  is  of  a  hectic 
character,  and  dependent  on  the  septic  influences  of  suppuration. 

During  the  progress  of  these  local  changes,  the  Coastitulional  Symptoms  have 
assumed  corresponding  modifications.  At  first  of  an  active  inflannnatory 
character,  the  fever,  when  suppuration  and  sloughing  have  set  in,  often  sud- 
denly becomes  asthenic.  Although  in  some  cases  there  is  at  first  no  diminu- 
tion in  the  severity  of  the  symptoms,  the  constitution  gradually  gives  way  after 
the  patient  has  struggled  for  a  few  days  against  the  exhausting  influences  of 
the  disease,  and  death  speedily  supervenes.  If  the  patient  survive  the  stage  of 
sloughing,  pyaemia  with  metastatic  abscesses,  septicasmia  or  hectic,  from  pro- 
fuse discharge  may  carry  him  off".  If  recovery  eventually  take  2)lace,  it  may 
be  with  a  constitution  impaired  and  shattered  for  years.  This  disease  is  most 
fatal  in  the  old  and  infirm,  in  habitual  drunkards,  or  in  young  children.  The 
immediate  danger  is  always  greatest  when  the  head  is  affected.  The  remote 
danger  from  the  efli'ects  of  suppuration  of  areolar  tissue,  necrosis  of  bones,  and 
inflammation  of  the  joints,  is  greatest  when  the  lower  extremities  are  the  seat 
of  the  disease. 

A  variety  of  the  cellnlo-cutaneous  erysipelas  has  been  described  as  (Edema- 
tous Erysipelas.  By  this  is  meant  not  merely  the  effusion  into  the  areolar 
tissue  which  occurs  in  all  the  varieties  of  the  disease,  but  a  peculiar  form,  spe- 
cially marked  by  oedema  of  the  areolar  tissue,  with  less  inflammation  of  the 
skin  than  usual.  There  is  much  swelling,  ^^'hich  pits  deeply  on  pressure,  with 
but  little  pain  or  tension,  and  but  moderate  redness  of  the  skin  ;  the  constitu- 
tional symptoms  are  less  marked  than  in  the  other  varieties  of  the  disease  ;  it 
is  principally  met  with  in  old  people,  or  in  persous  of  a  dropsical  tendency,  in 
whom  it  occurs  esi^ecially  aliout  the  legs,  scrotum,  or  labia,  sometimes  giving 
rise  to  permanent  and  solid  enlargement. 

Diagnosis. — Phlegmonous  erysipelas  is  easily  recognized  by  the  charac- 
teristic symptoms  just  described,  when  arising  fi-om  some  slight  superficial 
injury  or  spontaneously  ;  but  if  it  should  happen  to  complicate  a  deep  wound 
or  compound  fracture,  it  is  easily  confounded  with  simple  septic  injiammation 
consequent  upon  pent  up  decomposing  discharges  or  blood.  In  all  probability 
a  A'cry  large  proportion  of  the  cases  formerly  described  under  the  name  of 
erysipelas  were  in  reality  simple  septic  inflammations  not  of  a  specific  character. 
The  so-called  phlegmonous  erysipelas  of  the  scalp  following  a  wound  is,  for 
example,  almost  in^■ariably  the  result  of  the  burrowing  of  putrid  discharges 
beneath  the  pericranial  aponeurosis. 

From  spreading  ganrjrene  it  is  distinguished  by  its  slower  progress  and  the 
absence  of  foetid  gases  in  the  sloughs  before  the  skin  gives  w^ay. 

Prognosis. — The  prognosis  in  phlegmonous  erysipelas  is  always  grave. 
Of  twenty-four  cases  admitted  into  University  College  Hospital  seven  died. 
It  may  be  dangerous  to  the  part  affected  or  to  life.  It  is  especially  dange- 
rous if  it  affect  the  head  or  parts  in  which  the  areolar  tissue  is  abundant 
and  lax,  as  the  scrotum  or  orbit.  Much  also  will  depend  upon  the  prompt- 
ness with  which  efficient  treatment  is  begun  and  the  means  adopted  to 
prevent  septic  poisoning  ft'om  putrefaction  of  the  sloughs.  The  disease  is 
most  dano-erous  at  either  of  the  extremes  of  life.    If  the  constitution  be  sound, 
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very  extensive  mischief  may  be  recovered  from  ;  if,  on  the  other  hand,  it  be 
depressed  or  broken  by  want  of  the  necessaries  of  life,  by  fatigue,  over-exertion, 
or  indulgence  in  stimulants,  a  very  shght  amount  of  disease  may  jDrove  fatal. 
The  most  dangerous  complication,  and  one  which  when  it  exists  almost  pre- 
cludes the  hope  of  recovery,  is  chronic  disease  of  the  Icidneys,  either  in  the  form 
of  the  granular  contracted,  or  of  the  large  white  kidney.  I  have  never  seen 
any  patient  labouring  under  these  diseases,  and  attacked  with  phlegmonous 
eiysipelas,  escape  with  hfe  ;  the  sloughing  and  suppuration  running  on 
unchecked  ])y  any  treatment  that  could  be  adopted. 

Pathological  Anatomy. — The  most  characteristic  local  feature  is  the  dis- 
tension^of  the  spaces  of  the  areolar  tissue  with  an  abundant  coagulable  exudation, 
and  the  subsequent  suppuration  and  sloughing.  The  viscera  present  nothing 
special.  There  will  be  the  signs  of  septictemia  (see  septica3mia),  or  pya3mia 
(see  pyfemia),  shoidd  these  affections  have  been  the  immediate  cause  of  death. 

Treatment. — In  the  early  stage,  our  object  is  to  prevent  the  inflammation 
from  running  into  gangrene  of  the  affected  tissue.  The  fever  being  at  this 
period  commonly  sthenic,  the  administration  of  purgatives,  or  effervescent 
salines  may  give  relief.  I  have  never  seen  a  case  in  which  blood-letting  was 
required  ;  and  depressing  remedies,  such  as  salines,  must  be  given  with  great 
caution.  Medicinal  tonics  and  dietetic  stimulants  require  to  be  given  early  and 
late.  As  the  disease  advances,  and  symptoms  of  depression  come  on,  a  more 
stimulating  plan  of  treatment  must  be  adopted.  In  doing  this,  the  pulse 
and  the  tongue  must  be  our  guides  ;  as  the  one  becomes  feebler,  and  the 
other  browner,  so  must  ammonia,  bark,  and  especially  port  wine,  and  the 
brandy-and-egg  mixture,  be  administered.  In  the  more  advanced  stages  of 
the  disease,  when  sloughing  and  suppuration  are  fully  established,  our  sole 
object  must  be  by  nourishing  diet,  and  the  use  of  stimulants  and  tonics,  more 
particularly  the  tincture  of  perchloride  of  iron,  to  bear  the  patient  through 
the  depression. 

The  Local  Treatment  of  cellulo-cutaneous  or  phlegmonous  erysipelas  must  be 
conducted  on  essentially  the  same  plan  as  that  of  the  cutaneous  variety,  though 
with  more  active  means.  The  part  affected  must  be  kept  at  rest,  must  be 
elevated,  if  it  be  a  limb,  and  have  hot  chamomile-  and  poppy-fomentations 
assiduously  applied,  cold  being  even  more  prejudicial  here  than  in  the  form  of 
disease  last  described  ;  in  this  way,  the  swelling  and  tension  may  perhaps  be 
removed,  and  sloughing  of  the  ai-eolar  tissue  prevented.  In  the  majority 
of  cases,  however,  other  means  will  be  required  to  effect  this,  and  with  this 
view  none  are  more  efficacious  than  incisions  made  into  the  part  ;  by  these  an 
outlet  is  alforded  for  the  blood  and  effused  serum,  which,  by  distending  the 
areolar  spaces  of  the  part,  produce  strangulation  of  the  tissues  and  conse- 
quent sloughing.  This  mode  of  practice,  originally  introduced  by  Mr.  C. 
Hutchinson,  is  generally  allowed  to  be  the  most  effectual  means  we  possess  for 
the  prevention  of  sloughing  ;  hence  the  incisions  should  be  made  early,  before 
there  has  been  time  for  the  tissues  to  lose  their  vitality.  So  soon,  indeed,  as 
they  have  become  brawny,  indurated,  and  tense,  incisions  properly  made  and 
placed  will  afford  the  greatest  possible  rehef  to  the  part  and  the  patient,  taking 
down  the  tension  l)y  the  gaping,  and  the  swelling  by  the  exit  they  afford  to 
the  inflammatory  exudation.  Much  difference  of  opinion  has  existed  among 
Surgeons,  as  to  the  extent  to  which  incisions  should  be  practised  in  these 
cases  ;  some  recommending  that  one  long  cut  should  be  made  through  the 
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inflamed  structures  ;  others  conteuding,  on  the  contrary,  that  a  number  of 
small  incisions  better  answer  the  proposed  end.  The  objections  to  the  long- 
incision  are,  that  so  considerable  a  wound  not  only  inflicts  a  serious  shock  to 
the  system,  but  that  the  loss  of  blood  from  it  may  be  so  great  as  to  be  fatal — 
cases  having  occurred  in  which  life  has  been  lost  fi-om  this  cause,  or  the 
luBmorrhagc  has  been  arrested  only  by  the  ligature  of  the  main  artery  of  the 
limb  ;  and  also  that  a  single  long  incision  does  not  relieve  tension  soeft'ectually 
as  a  number  of  smaller  ones.  These  preventive  incisions  conse(juently  should 
be  of  limited  extent,  from  two  to  three  inches  in  length  :  at  most  they  should 
not  extend  deeper  than  into  the  gelatinous-looking  subcutaneous  areolar 
tissue,  unless  it  happen  that  the  disease  have  extended  beneath  the  fascia, 
when  they  may  be  carried  through  it  also.     South  recommends  that  the 

1  incisions  should  be  so  arranged  in  ft)urs,  as  to  enclose  a  diamond- 
I  1    shaped  space,  and  states  that  in  this  way  the  greatest  relief  is  given 

I  to  the  tension  of  the  part.  As  it  is  not  the  object  of  the  Surgeon  to 
draw  blood  in  these  cases,  any  undue  amount  of  htemorrhao-e  should  be  arrested 
by  plugging  the  wound.  jMuch  blood  may  be  saved  by  elevating  the  limb  and 
applying  a  tourniquet  before  using  the  knife,  but  it  is  better  not  to  employ 
Esmarch's  bandage,  for  fear  of  dn\'ing  the  unhealthy  inflannnatory  products 
into  the  circulation.  In  those  cases  in  which  the  disease  is  not  abeady 
complicated  with  an  open  wound  and  decomposing  discharges,  great  advantage 
will  be  derived  from  the  employment  of  antiseptic  dressings,  thus  pre- 
venting decomposition  of  the  eft'used  inflammatory  fluids  which  fill  up  the 
spaces  of  the  areolar  tissue  exposed  by  the  incisions.  Before  making  the 
incisions,  the  limb  should  be  well  fomented  for  a  quarter  of  an  hour  with 
cloths  wetted  with  a  hot  solution  of  carbolic  acid  (1  to  40).  The  tourniquet 
is  then  applied,  and  the  incisions  made  with  antiseptic  precautions.  To 
arrest  excessi\  e  bleeding,  the  wounds  must  be  jDlugged  with  carbolic  gauze. 
The  treatment  is  then  conducted  according  to  the  rules  laid  down  when 
describing  the  antiseptic  method.  If  the  necessaries  for  this  be  not  at 
hand,  the  part  may  be  wrapped  in  hot  oakum  poultices,  iodoform  or 
salicylic  wool  or  fomentation  of  boracic  lint,  or  dressed  with  some  other 
disinfectant  application.  After  suppuration  and  sloughing  have  taken  place, 
as  indicated  by  a  I'oggy  feel  of  the  parts,  free  incision  should  l»e  made  in 
order  to  let  out  pus  and  sloughs.  After  this,  the  skin  will  often  be  found  to 
be  greatly  undermined,  blue,  and  thin,  with  matter  bagging  in  the  more 
dependent  parts  ;  if  so,  egress  must  be  made  for  it  by  free  counter-openings, 
and  drainage-tubes  inserted  as  required.  During  the  after-treatment, 
frequent  dressing  is  necessary  to  prevent  an  accumulation  of  pus,  and  the 
sloughs  must  be  removed  as  they  form.  Care  should  be  taken  not  to  destroy 
any  of  the  vascular  connections  of  the  skin  with  subjacent  parts  ;  but,  in 
order  to  get  proper  cicatrization,  it  will  often  be  found  necessary  to  lay  open 
sinuses,  or  to  divide  bridges  of  unhealthy  and  blue  integument  stretching 
across  chasms  left  by  the  removal  of  the  gangrenous  areolar  tissue.  If  the 
loss  of  substance  be  great,  the  cicatrix  that  forms  may  be  weak,  imperfect,  or 
so  contracted  as  to  occasion  great  deformity  of  the  limb.  In  other  cases, 
again,  the  diseased  state  of  the  bones  and  joints  may  be  such  as  to  call  for 
ultimate  amputation,  either  in  consequence  of  the  local  deformity  and 
annoyance,  or  in  order  to  free  the  constitution  from  a  source  of  hectic  and 
of  irritation.    In  all  circumstances,  the  patient's  health  will  usually  continue 
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in  a  feeble  and  shattered  state  for  a  conBideral)le  time  after  recovery,  requiring 
change  of  air,  great  attention  to  habits  of  life>ud  a  nourishing  diet. 

?y.  CELLULAii  Erysii'ELAS,  or  as  it  is  more  often  termed  Diffuse  Inflam- 
mation of  the  Cellular  Tissue  or  Cellulitis,  has  l)een  particularly  descril)ed 
by  Duncan,  Arnott,  Lawrence,  and  Nunneley.  Tt  is  an  acute  local  infective 
process  originating  in  the  inoculation  of  a  virus  either  in  a  wound  or  by  a 
small  puncture  or  scratch.  Diffuse  cellulitis  may  arise  as  a  consequence  of 
ordinary  injuries,  but  it  is  especially  apt  to  follow  those  in  which  there  has 
been  any  inoculation  of  animal  poisons,  as  from  dissection  wounds,  the  stings 
of  insects,  and  the  bites  of  venomous  reptiles.  Of  the  nature  of  the  virus  we 
know  but  little  definitely,  not  enough  either  to  assert  or  to  deny  that  it  may 
be  in  some  cases  identical  with  that  which  causes  cutaneous  erysipelas.  The 
diversity  of  its  origin,  however,  and  the  different  course  assumed  by  different 
cases  would  lead  us  to  suppose  that  it  is  not  always  the  same.  The  disease 
resembles  erysipelas  in  the  diffuse  character  of  the  inflammation,  and  it  arises 
under  circumstances  similar  to  those  in  which  erysipelas  is  observed  to 
originate.  In  some  cases  the  constitutional  symptoms  present  nothing  peculiar, 
being  merely  those  of  acute  inflammatory  fever  ;  in  others,  especially  those 
arising  from  the  inoculation  of  the  poison  of  a  dead  body  the  symptoms  may 
be  those  of  acute  septicemia.  The  term  cellular  erysipelas  or  diffuse  cellulitis 
must,  therefore,  be  regarded  as  a  clinical  expression  for  an  acute  infective 
inflammation,  spreading  by  the  lymphatics  and  lymph-spaces  of  the  areolar 
tissue,  dependent  upon  a  virus,  the  nature  of  Mdiich  is  uncertain,  and  possibly 
varies  in  different  cases  ;  and  not  as  implying  a  definite  specific  disease,  such 
as  simple  cutaneous  erysipelas  undoubtedly  is. 

Local  Signs. — The  local  signs  will  vary  with  the  part  affected.  If  it  is  the 
subcutaneous  tissue  of  a  limb,  there  are  great  swelling,  tension  and  pain,  and 
the  part  feels  brawny  in  some  parts,  ocdematous  in  others.  The  skin  is 
shghtly  reddened  in  patches,  has  a  mottled  appearance,  and  may  in  extreme 
cases  follow  the  same  course  as  in  jDhlegmonous  erysipelas,  running  into 
blackish  sloughs.  This  form  in  fact  differs  fi'om  phlegmonous  erysipelas  only 
in  the  affection  of  the  skin  being  entirely  secondary  to  that  of  the  subcutane- 
ous tissue.  The  extent  to  which  the  disease  may  spread  varies  greatly  ; 
when  once  it  has  set  in,  it  frequently  runs  rapidly  up  the  whole  limb, 
extending  also  to  the  sides  of  the  trunk. 

In  other  cases,  especially  in  the  form  that  follows  dissection-wounds,  the 
inflammation  at  the  seat  of  inoculation  may  be  slight,  the  mischief  being 
chiefly  seated  at  a  distance  :  thus  in  a  punctured  wound  of  the  finger,  the 
diffuse  inflammation  may  take  place  principally  in  the  planes  of  areolar  tissue 
in  the  axilla  and  sides  of  the  chest.  Diffuse  cellulitis  affects  also  the  internal 
planes  of  areolar  tissue.  This  may  happen,  for  instance,  in  the  fascia3  of  the 
pelvis  after  lithotomy,  or  in  the  anterior  mediastinum  after  operations  at  the 
root  of  the  neck.  In  these  cases  there  is  deep-seated  pain  and  tenderness, 
and  the  skin  may  be  slightly  reddened  and  ocdematous.  The  superficial  veins 
arc  often  full  and  clearly  indicated  on  the  surface.  Sloughing  frequently 
occurs  with  remarkable  rapidity,  the  areolar  tissue  being  broken  down  into  ill- 
conditioned  pus  and  shreddy  sloughs  in  the  course  of  thirty-six  or  forty-eight 
hours,  more  especially  when  the  disease  has  resulted  from  the  inoculation  of 
an  animal  poison. 

The  constitutional  symptoms  vary  in  different  cases.    In  some  they  are 
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those  of  acute  inflammatoiy  fever  ;  in  others  the  affection  is  accompanied  by 
signs  of  tlie  gravest  blood-poisoning.  In  these  latter  there  is  probably  a 
general  infection  of  the  system.  After  the  sloughs  become  exposed  to  the 
air  decomposition  rapidly  sets  in,  and  the  symptoms  then  assume  the  type  of 
acute  septic  poisoning  from  the  absorption  of  the  chemical  products  of 
putrefaction. 

Pathological  Anatomy. — The  state  of  the  areolar  tissue  is  the  same  as  in 
phlegmonous  erysi])elas.  Micrococci  are  found  in  the  inflanmiatory  exuda- 
tions. Should  the  patient  die,  the  viscera  present  tlie  ordinary  appearances 
of  acute  blood-poisoning  (see  Septicaamia). 

Prognosis. — If  the  subcutaneous  tissue  of  a  limb  only  is  affected  many  cases 
can  be  saved  by  proper  treatment.  Amongst  twenty-four  cases  registered  as 
cellulitis  in  the  reports  of  University  College  Hospital  there  were  six  deaths. 
AYhen  the  deeper  planes  of  areolar  tissue  are  affected,  and  wheu  the  process  is 
very  acute,  death  commonly  super\enes  early,  often  in  two  or  three  days  ;  in 
other  instances  life  may  be  prolonged  for  some  weeks,  the  patient  ultimately 
dying  from  exhaustion  or  from  some  secondary  complication,  as  pyajmia. 

Diagnosis. — Superficial  cellulitis  closely  resembles  cellulo-cutaneous  erysipe- 
las, and  in  the  later  stages  it  may  be  indistinguishable  when  the  skin  becomes 
affected.  In  any  case  the  diagnosis  is  of  little  importance  as  the  treatment  is 
the  same.  Deep-seated  cellulitis  is  often  very  difiicult  to  recognize  ;  the 
swelling,  with  some  adema  and  slight  redness,  the  fulness  of  the  superficial 
veins,  and  the  deep-seated  pain  and  tenderness,  with  the  history  of  a  cause 
likely  to  induce  the  disease,  as  a  post-mortem  Avound,  combined  with  the 
characteristic  constitutional  condition,  will,  however,  usually  enable  the 
Surgeon  to  recognize  the  condition. 

Treatment. — In  the  treatment  of  diffuse  cellulitis  it  is  usually  necessary  to 
administer  stimulants  early  ;  ammonia,  wine,  or  brandy  may  be  required  from 
the  very  first.  The  Surgeon  must  judge  of  this  by  the  constitutional  condition 
of  the  patient,  and  more  particularly  by  the  state  of  his  pulse  and  tongue.  The 
Local  Troaiment  is  precisely  of  the  same  kind  as  that  adopted  in  phlegmonous 
erysipelas,  except  that  the  incisions  require  to  be  made  earlier  and  perhaps 
more  freely  ;  in  all  other  respects,  there  is  no  difference  l)etween  the  general 
management  of  the  two  forms  of  the  disease. 

Special  Forms!  of  External  Erysitelatoits  lNrLA:\DLVTTOx. — Erysi- 
pelas of  Newly-born  Infants,  Erysipelas  Neonatorum,  is  occasionally 
met  with,  more  particularly  in  lying-in  hospitals,  or  in  situations  where  the 
mother  and  child  are  exposed  to  depressing  causes  of  disease.  It  usually 
appears  a  few  days  after  the  birth,  at  first  about  the  abdomen  and  genitals, 
and  soon  spreads  widely  over  the  body,  being  characterized  by  a  dusky  redness, 
Avhich  rapidly  runs  into  gangrene  of  the  affected  tissues.  It  starts  in  many 
cases  from  the  raw  surface  left  by  the  separation  of  the  umbilical  cord.  It  is 
extremely  fiital,  owing  to  the  feeble  vitality  of  the  child,  and  presents  but  few 
points  for  treatment ;  change  of  air  and  of  luirsing,  with  the  administration 
of  a  few  drops  of  spirits  of  ammonia  or  brandy  from  time  to  time,  being  all 
that  can  be  done. 

Cellulitis  of  the  Orbit  may  occur  primarily,  or  as  the  result  of  extension 
of  the  disease  from  the  neighbouring  structures.  It  is  dangerous,  and  often 
fatal  from  meningitis.  It  commences  with  a  violent  deep-seated  pain  in  the 
orbit  ;  the  conjunctiva  becomes  injected  and  ecchymosed,  the  eyelids  are 
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greatly  swollen,  red,  and  ccdematous  ;  the  eyeball  protrudes,  and  vision  is 
impaired  or  altogether  lost.  Symptoms  of  cerebral  inflammation  may  now- 
set  in,  the  patient  becoming  delirious  and  finally  comatose. 

The  Treatment  consists  in  fomentations,  with  early  and  free  incisions  into 
the  orbit,  made  by  pushing  a  lancet  flat-wise  between  the  eyeball  and  the 
orbital  walls,  through  the  inflamed  conjunctiva,  the  cj'elids  having  previously 
been  everted.  In  this  way  inflammatory  effusions  and  pus  may  be  evacuated, 
and  the  eye  saved.  Destructive  abscesses  of  the  orljit,  possibly  of  an  erysij)ela- 
tous  origin,  occasionally  occur  in  the  puerperal  state,  requiring,  when  practica- 
ble, the  free  evacuation  of  the  pus,  in  the  way  just  mentioned. 

DifEuse  Cellulitis  of  the  Scalp  following  wound  has  been  already 
described  (]ip.  71"),  71(!). 

Idiopathic  Erysipelas  of  the  Head  is  always  of  the  simple  cutaneous 
form,  having  no  tendency  to  end  in  suppuration  or  gangrene.  The  only 
peculiarity  it  presents  is  the  excessive  ccdcma  of  the  sul)Cutaneous  tissue  that 
usually  accompanies  it,  which  completely  obliterates  the  features.  As  the 
result  of  the  tension  caused  by  this,  a  little  pus  may  occasionally  form  in  the 
eyelids.  Large  blebs  on  the  skin  are  very  common.  It  is  always  accom- 
panied by  some  redness  and  soreness  of  the  throat.  The  inflammation  as  a 
rule  starts  from  the  junction  of  the  mucous  membrane  and  skin,  as  at  the 
angle  of  the  e^ye,  spreading  quickly  to  the  bridge  of  the  nose,  at  the  orifice  of 
the  meatus  auditorius  externus,  or  the  angle  of  the  mouth.  Its  origin  without 
a  small  abrasion  or  wound  has  been  fi'equently  denied.  The  course,  symptoms, 
prognosis  and  treatment  are  those  of  simple  cutaneous  erysipelas  (p.  'J14), 

Diffuse  Cellulitis  of  the  Submaxillary  Region  was  first  accurately 
recognized  by  Ludwig,  of  Stuttgart,  in  ISol)  ;  hence  the  aflection  has  some- 
times received  the  name  of  Ludwig's  Angina.  It  has  been  specially  described 
also  by  Bickersteth,  of  Liverpool,  and  by  Croly,  of  Dubhn,  and  in  an 
exhaustive  paper  by  R.  W.  Parker  {Lancet,  Vol.  II.,  187y).  Submaxillary 
cellulitis  is  an  acute  diflPuse  inflammation  of  the  areolar  tissue  beneath  the 
deep  cervical  fascia,  attended  by  the  ordinary  severe  constitutional  symptoms 
of  diffuse  cellulitis,  and  terminating  rapidly  in  suppuration,  with  sloughing  of 
the  affected  tissues  unless  reheved  by  prompt  and  efficient  treatment.  The 
peculiar  danger  of  the  affection  depends  on  the  density  of  the  cervical  fascia, 
beneath  which  the  inflammatory  products  are  pent  up  at  a  high  decree  of 
tension,  and  the  importance  of  the  parts  affected.  The  disease  may  commence 
without  evident  cause  after  exposure  to  cold,  and  is  said  occasionally  to  have 
appeared  in  an  epidemic  form ;  it  may  arise  also  from  extension  from  the  lymphatic 
glands  in  scarlet  fever,  or  may  follow  wounds  or  other  injuries.  It  may  occur  at 
any  age  ;  in  adults,  according  to  Furncaux  Jordan,  it  most  frequently  occurs  in 
those  addicted  to  excessive  drinking.  It  commences  as  a  brawny  inflammatory 
swelling  at  the  fore-part  of  the  neck,  or  near  the  angle  of  the  jaw  surroundino- 
the  submaxillary  gland,  or  more  rarely  the  parotid.  It  rapidly  spreads  toward^ 
the  chin,  extending  to  the  opposite  side,  and  afterwards  down  the  neck  over 
the  larynx.  The  tongue  is  pushed  upwards,  and  the  hardened  tissue  can  be 
felt  in  the  floor  of  the  mouth  on  each  side  of  it  ;  the  movements  of  the  jaw 
are  interfered  with,  and  deglutition  becomes  difficult.  Sometimes  there  is 
great  swelling  of  the  tongue  from  pressure  on  the  lingual  veins.  When  o-au- 
grene  of  the  areolar  tissue  sets  in,  the  swelling  becomes  softer  and  boggy  ;*the 
mucous  membrane  may  give  way,  and  a  foul  discharge  may  come  f?om  the 
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mouth.  If  imrelieved  by  treatment  it  is  extremely  fatal ;  death  may  occur 
from  blood-poisoning  or  from  suffocation,  the  disease  spreading  to  the  root 
of  the  epiglottis,  and  producing  tcdeuia  glottidis. 

The  Treatment  consists  in  making  a  free  incision  in  the  mesial  line,  from 
the  chin  to  the  os  hyoides,  through  the  infiltrated  jjarts,  from  which,  if  it  be 
made  sufficiently  early,  a  thin  dark  serum,  but  no  pus,  will  be  seen  to  exude. 
The  incision  must  be  carried  to  a  depth  of  two  inches  or  more  towards  the 
base  of  the  tongue,  keeping  carefully  to  the  middle  line,  until  the  whole  of  the 
brawny  infiltration  has  l)een  divided. 

Erysipelas  of  the  Scrotum,  the  "  inflammatory  oedema  "  so  well  described 
by  Liston,  is  of  frequent  occurrence,  as  the  result  of  wounds,  ulcers,  and  other 
som-ces  of  irritation  in  this  neighbourhood.  The  scrotum  swells  to  a  large 
size,  being  uniformly  red,  but  with  a  semi-transparent  glossy  appearance,  pitting 
readily  on  pressure,  and  feeling  somewhat  soft  and  doughy  between  the  fingers  : 
the  integimients  of  the  penis  are  also  greatly  swollen  and  ccdematous,  and 
sometimes  the  inflammation  extends  to  the  areolar  tissue  of  the  cord.  The 
chief  characteristic  of  this  form  of  erysipelas  is  its  tendency  to  run  into  slough 
without  any  previous  brawny  or  tense  condition  of  the  parts  ;  the  dartos 
becoming  so  distended  with  the  inflammatory  exudation  that  the  circulation 
through  it  is  arrested.  When  an  incision  is  made  into  it  in  this  state  it 
scarcely  bleeds,  and  the  sides  of  the  wound  present  a  yellowish-^vhite  gelati- 
nous appearance. 

The  Treatment  consists  in  making  a  free  incision  about  four  inches  in 
length  on  each  side  of  the  septum,  taking  care  not  to  go  so  deeply  as  to 
wound  the  testes  ;  the  part  must  then  be  supported  on  a  pillow,  and  well 
fomented.  If  this  incision  be  not  made  at  once,  a  great  part  or  even  the 
"whole  of  the  scrotum  may  slough  away,  leaving  the  testes  and  cords  bare  ;  in 
these  unpleasant  circumstances,  however,  the  parts  will  often  with  great  rapidity 
become  covered  with  new  integument.  The  oedema  of  the  penis  usually  subsides 
of  itself,  or  after  making  a  few  punctures  in  it  ;  should  its  integuments,  how- 
ever, threaten  to  slough,  a  free  incision  must  be  made  into  it,  or  the  prepuce 
be  slit  up. 

Erysipelas  of  the  Pudenda  is  occasionally  met  with  in  ill-fed  unhealthy 
children  in  whom  cleanliness  is  neglected.  The  parts  become  of  a  dusky  or 
livid  red,  swell  considerably,  and  (|uickly  run  into  gangrene,  which  spreads 
up  the  abdomen  or  down  the  nates.  It  may  prove  fatal  by  inducing  peritonitis 
or  exhaustion.  In  the  Treatment,  ammonia,  bark,  and  chlorate  of  potash, 
with  good  nourishment,  and  a  little  wine,  are  the  pi'incipal  means,  at  the  same 
time  that  the  parts  are  l)athed  in  a  warm  antiseptic  solution  and  well  fomented. 

Diffuse  Cellulitis  of  the  Ischio-Rectal  Fossa  is  not  uncommon  in  old 
and  feeble  subjects,  as  the  result  of  exposure  to  cold.  The  symptoms  are 
those  of  cellulitis  in  general,  a  brawny  hard  swelling  by  the  side  of  the  rectum, 
with  redness  of  the  skin,  and  gi-eat  pain  and  tenderness.  The  fat  of  the  ischio- 
rectal fossa  rapidly  sloughs,  and  a  foul,  fetid  abscess,  the  pus  of  which  is  mixed 
■with  shreds  of  gangrenous  tissue,  rapidly  forms.  The  Treatment  consists  of 
free  and  early  incisions.  At  a  later  stage  it  may  be  necessary  to  divide  the 
sphincter  before  the  cavity  will  heal. 

Whitlow,  or  Paronychia,  is  an  Erysipelatous  Inflammation  of  the 
Pingers.  It  is  a  frequent  affection  in  old  and  young  peo[)lc,  either  occurring 
spontaneously  in  cachectic  constitutions,  or  arising  from  the  irritation  pro- 
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ducod  by  scratches,  punctures,  or  inoculation  of  the  part  with  poisonous  or 
putrescent  matters.  It  is  most  common  in  the  spring  of  tlie  year,  when, 
indeed,  it  sometimes  appears  to  be  ahnost  epidemic. 

That  tlie  inflammation  of  whitlow  is  essentially  of  the  same  character  as 
that  of  cellulitis,  and  fonscquently  may  be  classed  as  erysipelatous,  in  the  broader 
sense  of  the  w(n-d,  a])pears  to  be  proved  by  the  following  facts.  1.  The  causes, 
whether  of  season,  infection,  or  local  irritation,  are  the  same  in  both  affections. 
2.  The  constitutional  disturbance  in  whitlow  is  ahvays  very  severe  for  a  disease 
apparently  so  slight,  and  assumes  the  same  character  of  speedy  depression  that 
we  observe  in  crysi]ielas.  8.  The  inflammation  of  the  affected  finger  is  invaii- 
ably  diffused,  and  always  tends  to  terminate  in  suppuration  and  sloughing. 
4.  So  soon  as  the  disease  spreads  beyond  the  affected  finger,  or  to  the  back  of 
the  hand,  it  fi'equently  assumes  a  distinctly  eiysipelatous  appearance  and 
character. 

There  are  four  degi-ees  of  whitlow.  In  the  first,  the  inflammation  com- 
mences in  the  cutis  or  immediately  beneath  it  ;  a  drop  of  pus  forms  which, 
being  unable  to  escape  through  the  thick  cuticle,  burrows  into  the  areolar 
tissue  of  the  pulp  of  the  finger,  and  thus  gives  rise  to  one  of  the  succeeding 
degrees.  It  is  important  to  recognize  this  form,  as  a  very  large  proportion 
of  whitlows  commence  in  this  way,  and  all  further  mischief  may  in  such  cases 
be  prevented  by  shaving  away  the  thickened  cuticle,  and  thus  giving  exit 
to  the  pus  without  incision.  In  the  second  degree,  the  mischief  com- 
mences deeply  in  the  fibrous  fat  of  the  pulp  of  the  finger.  In  the  third 
degree,  the  sheath  of  the  tendon  is  affected,  either  primarily  or  secondarily,  by 
burrowing  of  pus  into  it,  giving  rise  to  the  condition  known  as  thecal  abscess. 
In  the  fourth  degree,  the  mischief  either  commences  beneath  the  periosteum 
of  the  ungual  phalanx  or  rapidly  extends  to  it,  causing  necrosis  of  the  bone. 
These  degrees  are  occasionally  distinct,  but  more  commonly  in  clinical  practice 
they  merge  into  one  another. 

The  most  common  form  of  whitlow  is  that  in  which  the  inflammation  is 
confined  to  the  dense  tissue  forming  the  pulp  of  the  finger.  It  often  arises 
from  a  very  slight  injury,  as  the  prick  of  a  pin,  or  a  splinter  in  the  finger,  but 
not  unfrequently  without  any  recognizable  cause.  The  part  becomes  extremely 
painful,  hard,  red,  and  swollen  ;  it  then  suppurates  to  a  limited  extent,  with 
some  sloughing  of  the  areolar  tissue.  If  an  exit  be  now  provided  for  the  pus 
the  inflannnation  ceases  to  extend,  but  in  many  cases,  especially  in  the  horny 
hands  of  the  working  classes,  the  pus  is  unable  to  find  a  way  out  through  the 
dense  cuticle,  and  consequently  burrows  more  deeply  into  the  pulp  of  the 
finger.  In  this  way  the  ungual  phalanx,  which  is  imbedded  in  the  pulp,  ma  r 
necrosc,  or  the  pus  may  find  its  way  into  the  sheath  of  the  tendon.  There  is 
usually  some  inflammation  of  the  lymphatics  of  the  arm ;  and  not  unfrequently 
a  good  deal  of  febrile  disturbance  is  present. 

When,  in  the  more  severe  cases  of  whitlow,  the  inflammation,  which  is  of: 
an  excessively  painful  character,  owing  to  the  tension  of  the  parts,  extends  to 
the  sheath  of  the  tendons,  it  then  constitutes  an  affection  that  is  fraudit  with 
danger  to  the  utility  of  the  finger  or  hand.  The  whole  finger  sAvells  consider- 
ably, becomes  red  and  tense,  with  much  throbbing  and  shooting  pain  ;  tha,' 
inflammation  rapidly  extends  to  the  back  of  the  hand,  which  becomes  pufi'y,. 
red,  and  swollen.  Although  the  palm  be  greatly  swollen,  it  usually  preserves? 
its  natural  colour,  or  becomes  dull  white,  owing  to  the  greater  thickness  of  its-? 


WIIITLO  W— TREATMENT. 


cuticle.  Pus  rapidly  forms  in  the  finger,  and  may  extend  to  the  i);ilin  of  the 
hand,  finding-  its  way  into  the  common  sheath  of  the  flexor  tendons,  and 
8i)reading  up  the  forearm  under  the  annular  ligament.  Whitlow  affecting  the 
little  finger  or  thuml)  is  much  more  likely  to  cause  suppuration  in  the  common 
sheatli  of  the  flexor  tendons  than  when  it  occurs  in  any  of  the  other  fingers. 
This  is  due  to  the  fact  that  the  synovial  sheaths  of  the  flexor  tendons  of  the 
thumb  and  little  finger  generally  communicate  with  the  common  sheath,  while 
those  of  the  three  other  fingei-s  do  not.  There  is  usually  no  fluctuation  to  be 
felt  in  the  finger,  even  though  pus  may  have  formed,  but  in  other  parts  of  the 
hand  it  nuiy  readily  be  detected  in  the  usual  way.  In  these  cases  there  is 
always  much  sloughing  conjoined  with  the  suppuration  ;  the  areolar  tissue  of 
finger  and  hand,  the  tendons  and  their  sheaths,  and  the  palmar  fascia  being  all 
more  or  less  implicated.  In  some  cases  the  end  of  the  finger,  as  far  as  the 
first  phalangeal  joint  or  the  middle  of  the  second  phalanx,  falls  into  a  state  of 
gangrene  and  has  to  be  separated.  In  many  cases  the  joints  of  the  fingers  are 
destroyed,  and  the  phalanges  necrose  ;  or,  if  this  do  not  happen,  the  tissues  of 
the  part  may  be  so  matted  together,  as  the  result  of  sloughing  and  suppura- 
tion, that  rigid  and  contracted  fingers,  or  a  stilf  and  comparatively  useless 
hand,  may  be  permanently  left. 

In  the  Trcalmciii,  the  patient  should  be  well  purged  and  kept  upon  a 
moderate  diet  during  the  early  stages.  In  all  cases  of  whitlow  affecting  the 
l)ulp  of  the  finger  the  part  should  be  soaked  in  hot  water  for  a  short  time, 
after  which  the  thick  cuticle  should  be  carefully  shaved  down  with  a  sharp 
knife.  If  a  specially  tender  spot  can  be  recognised  it  often  happens  that  as 
the  cuticle  is  removed  at  that  part  a  drop  of  pus  escaj^es,  which  gives  imme- 
diate relief.  By  this  plan  of  treatment  incisions  can  be  A'ery  frequently 
avoided  and  the  mischief  cut  short. 

In  severe  cases  the  two  essentials  in  the  treatment  consist  :  First,  in  the 
arrest  of  the  inflammation,  and  secondly,  failing  in  that,  in  the  prevention  of 
necrosis  of  tissue,  whether  areolar,  tendinous,  or  osseous,  by  strangulation 
from  the  extreme  tension  of  the  inflamed  parts. 

The  first  ol)ject  is  best  accomplished  by  smearing  the  affected  part  thickly 
with  belladonna  and  glycerine,  covering  it  up  in  cotton-wool,  and  keeping  the 
hand  slung.    In  many  cases  this  treatment  will  arrest  the  inflammation,  limit- 
iiig  the  disease  to  its  first  degree.    Should  the  inflammation,  howe^'cr,  extend, 
spreading  with  deep  throbbing  to  the  back  of  the  hand  and  palm,  or  creeping 
up  the  course  of  the  lymphatics  of  the  arm  to  the  axillary  glands,  no  time  should 
be  lost  in  giving  exit  by  means  of  free  incisions  to  the  engorged  and  tense 
tissues,  and  thus  preventing  the  occurrence  or  limiting  the  spread  of  slough 
and  pus.     With  this  view,  a  free  incision  should  be  made  in  the  palmar 
aspect  of  the  finger,  its  length  and  depth  pro])ortionate  to  the  extent  of  the 
inflammation.    In  opening  a  deep-seated  palmar  abscess,  there  is  danger  of 
wounding  the  branches  of  the  median  nerve,  the  superficial  palmar  arch,  and 
the  digital  arteries.    These  structures  may  all  be  avoided,  and  the  operation 
done  safely,  by  making  the  incision  toward  the  head  of  a  metacarpal  bone, 
upon  the  bone  itself  and  parallel  to  its  axis,  so  as  to  avoid  the  digital  inter- 
spaces.   The  sheath  of  the  flexor  tendon  should  be  spared  if  possible ;  but  if  it 
be  affected  it  must  be  freely  opened,  or  the  tendon  will  certainly  slough  and 
the  finger  be  permanently  stiffened.    This  incision  should  be  made  from  the 
proximal  towards  the  distal  end  of  the  finger,  so  that  if  the  patient  involun- 
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tarily  draw  it  back  it  may  meet  the  knife.  But  these  incisions  if  deep  are 
liorribly  painful,  and  an  an^stlietic  sliould  never  be  omitted.  After  mcismg  the 
finger  the  liml)  should  be  well  bathed  and  fomented  several  times  inthedny,  the 
finger  itself  dressed  with  carbolized  lint,  covered  with  a  piece  of  gutta-percha 
tissue,  joined  along  the  edges  by  a  touch  of  chloroform.  Poultices  make  the 
parts  sodden,  and  are  injurious  by  their  decomposition.  In  cases  of  extensive 
implication  of  the  hand'  the  limb  should  be  supported  by  a  splint,  and  in  all 
cases  the  dressings  covered  with  cotton-wool.  The  dead  and  sodden  cuticle 
should  be  cut  away  with  scissors,  as  it  frcipiently  seriously  interferes  with  the 
escape  of  the  discharges  and  slouglis.  After  the  opening  has  l)een  made,  and 
any  slough  which  may  have  formed  has  come  away,  it  not  unfrequently  happens 
that  a  iarge  and  fungoid  granulating  mass  sprouts  up  ;  this  will,  however, 
gradually  subside,  as  the  swelling  of  the  finger  go-s  down  and  the  inflamma- 
tion abates.  If  the  nail  become  loosened,  it  had  better  be  removed,  as  it  may 
otherwise  keep  up  irritation  ;  it  must  not,  however,  be  torn  off  if  adherent, 
but  merely  scraped  and  cut  away  so  far  as  it  is  loose.  AVhen  the  Avliole  of  a 
finger  is  affected,  the  hand  should  be  placed  on  a  splint  as  soon  as  the  inflam- 
mation has  been  somewhat  subdued,  lest  contraction  of  the  affected  finger, 
which  may  eventually  extend  to  the  neighbouring  ones,  ensue.  The  finger 
should  not  be  placed  in  a  fully  extended  position,  or  it  will  be  impossible  after 
recovery  to  break  down  any  adhesions  that  may  form  between  the  flexor  tendons 
and  their  sheaths. 

Should  the  lymphatics  of  the  arm  become  implicated,  belladonna  and  gly- 
cerine should  be  freely  applied,  the  limb  covered  with  cotton  wool  and 
supported  in  a  sling. 

When  the  joints  are  implicated,  destruction  of  the  cartilages  commonly 
ensues  ;  yet,  by  position,  and  rest  on  a  splint,  a  tolerably  useful  though  stiffened 
finger  may  be  retained.    When  the  bones  are  implicated,  some  operative  pro- 
cedure usually  becomes  eventually  necessary.    If  the  ungual  phalanx  alone  be 
necrosed,  it  may  be  excised  through  an  incision  on  the  palmar  side  of  the 
finger,  the  pulp  and  nail  being  left ;  in  this  way  I  have  often  pl■eser^•ed  a  finger 
that  must  otherwise  have  been  removed.    AmputaMon  of  the  finger  at  the  ■ 
metacarpo-phalangeal  articulation  will  usually  be  reipiired  when  the  second 
or  proximal  phalanges  are  involved  ;  though  here  partial  excision,  by  cutting 
and  scraping  away  the  diseased  bone,  may  sometimes  be  usefully  done.  During; 
the  later  stages  of  these  affections,  tonics,  good  diet,  and  stimulants  will  bc' 
required  for  the  re-establishment  of  the  health. 

Senile  Teno-Synovitis. — There  is  a  form  of  acute  suppurative  infliimma-- 
tion  of  the  fingers  and  hand  sometimes  extending  to  the  wrist-joint,  which 
occiu's  in  old  people  of  feeble  constitutions.    It  usually  arises  from  some 
trivial  irritation  or  infection,  and  runs  its  course  of  disorganization  with, 
rapidity.    It  appears  to  be  a  disease  of  the  hand  due  mainly  to  senile  degenera- 
tion, in  this  respect  resembling  the  gangrena  senilis  of  the  foot,  Imt 
differing  in  its  more  acute  character  and  suppurative  tendency.    The  joints- 
of  the  fingers,  metacarpus  and  carpus,  become  disorganized  and  the  bones^ 
necrose.    This  disease  requires  an  active  tonic  and  nutritive  treatment.  The^ 
affected  parts  should  not  l)e  too  much  soddeiied  by  wet  applications.-. 
Amputation,  partial  or  complete,  may  at  last  be  required. 
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INTERNAL    ERYSIPELATOUS  INFLAMMATIONS. 

By  Internal  Erysipelas  we  mean  those  forms  of  diifuse  iufiammatioii 
which  affect/  the  Mucous  or  Serous  Surfaces. 

ERY8ii>ELAs  OF  Muc'ous  SuRFACE.s.— The  luucous  tract  that  is  chiefly 
aftlrted  by  this  disease  is  that  covcriug-  the  fauces,  the  })haryux,  or  the  larynx. 

Erysipelas  of  the  Fauces  may  occur  in  consequence  of  the  disease 
spreading-  from  the  head  and  face  to  these  parts  ;  or  it  may  commence  as  a 
primary  affection,  occurring  perhaps  at  the  same  time  that  tlie  rash  a]ipears  on 
the  cutaneous  surface  of  some  distant  part  of  the  body.  When  the  fauces  arc 
erysipeh^tous,  they  present  a  bright  crimson  or  scarlet  colour,  with  some 
swelling  and  thickening  of  the  soft  palate  and  n\-ula  :  the  patient  also  most 
commonly  lias  some  huskiness  or  complete  loss  of  voice,  and  occasionally  some 
croupy  symptoms.  The  glands  at  the  angle  of  the  jaw  are  always  swollen 
and  tender.  At  the  same  time  there  is  a  good  deal  of  febrile  disturbance, 
with  a  pungent  hot  skin  and  (]nick  pulse.  This  form  of  erysii^elas  is  peculiarly 
contagious,  and  occurs  not  unfrequently  in  the  attendants  of  those  who  are 
labouring  under  some  of  the  other  varieties  of  the  disease  ;  of  this  I  have  seen 
numerous  instances.  In  many  cases,  also,  it  is  epidemic,  spreading  through  a 
house  and  affecting  almost  every  inmate. 

Treaimont. — The  best  residts  are  obtained  l)y  sponging  the  inflamed  parts 
freely  Avith  a  strong  solution  of  the  nitrate  of  silver  ;  and,  if  there  be  much 
constitutional  depression,  by  administering  full  doses  of  ammonia,  with  cam- 
phor or  bark.  Should  the  disease  go  on  to  sloughing  (which  not  nnfrc- 
t]uently  happens),  constituting  one  of  the  forms  of  "  putrid  sore  throat,"  the 
mineral  acids  and  bark,  with  chlorinated  gargles,  and  the  brandy-and-egg 
mixture  for  support,  will  be  Ibuud  most  useful.  In  many  cases,  this  disease 
continues  limited  to  the  palate  and  fonces  ;  but  in  others  it  extends  upwards 
or  downwards.  It  may  extend  upwards  through  the  nares,  out  of  the  nostrils, 
and  thus  spread  over  the  face  and  head,  or  downwards,  imphcating  the 
larynx. 

Erysipelatous  Laryngitis,  as  descriljcd  by  Eyland,  Budd,  and  others,  is 
extremely  dangerous.    The  iuflannnation,  commencing  in  the  fauces,  rapidly 
spreads  to  the  raucous  membrane  and  loose  submucous  areolar  tissue  external 
to  and  within  the  larynx,  giving  rise  to  extensive  ccdematous  infiltration, 
which,  by  ol)structing  the  rima  glottidis,  may  readily  suffocate  the  patient, 
fn  consequence  of  this  special  tendency  to  oedema,  the  disease  has  by  many 
^viiters  been  termed  "  cechumtous  larj/ngitis.''''    After  death,  the  submucous 
areolar  tissue  of  the  fouces,  that  about  the  base  of  the  epiglottis,  and  especially 
that  which  enters  into  the  arytseno-epiglottidean  folds  and  that  covering  the 
posterior  part  of  the  larynx,  will  be  found  to  be  distended  with  serum  or  a 
Gcro-puriform  fluid.    This  infiltration  reaches  to  the  rima  of  the  glottis,  and, 
extending  into  the  interior  of  the  larynx,  gives  rise  to  such  swelling  that  its 
ca\-ity  is  nearly  obliterated.    Great  as  the  swelling  may  be,  however,  in  all 
these  parts,  it  never  spreads  below  the  true  vocal  chords.    This  fact,  which  is 
very  important,  is  explained  by  the  mucous  membrane  coming  closely  into 
contact  with,  and  being  adherent  to,  the  fibrous  tissue  of  which  these  struc- 
tures are  composed,  without  the  interA-ention  of  any  subnmcous  areolar  tissue. 
The  progress  of  this  oodematous  inflammation  of  the  mucous  membrane  and 
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loose  submucous  tissue  iu  these  situatious,  is  ofteu  amazingly  rapid,  the 
swelHug  being  sufficient  to  induce  suffocation  at  the  end  of  thirty-six  or 
forty-eight  hours,  or  even  sooner.  If  the  patient  be  not  carried  off  in 
this  way,  there  will  be  a  great  tenden(;y  to  suppuration  and  sloughing  of 
the  affected  tissues,  leading  perhaps  eventually  to  death  from  septicasmia 
or  pytemia. 

The  Symptoms  of  this  affection  are  strongly  marked.  The  patient,  after 
being  attacked  with  erysipelas  of  the  fauces,  attended  by  some  difficulty  and 
pain  in  deglutition,  and  huskiness  of  the  voice,  is  seized  with  more  or  less 
difficidty  in  bi'eathing,  coughs  hoarsely  and  with  a  crou])y  sound,  and  com- 
plains of  tenderness  under  the  angles  of  the  jaw  and  about  the  larynx.  The 
difficulty  in  breathing  increases,  and  may  speedily  threaten  the  life  of  the 
patient,  giving  rise  to  intense  ffts  of  dyspncjca,  in  one  of  which  he  will  probably 
be  suddcidy  carried  off".  The  difficulty  is  greater  in  inspiration  than  in  expi- 
ration, as  thes^^'ollen  parts  abo\  e  the  opening  of  the  larynx  fall  together  like  a 
valve  in  the  former  act,  while  they  are  easily  separated  by  air  coming  from 
below  in  the  latter.  On  examining  the  throat  the  fauces  Avill  not  only  be 
observed  to  be  much  and  duskily  reddened,  but  by  depressing  the  tongue  the 
epiglottis  can  be  felt,  and  perhaps  seen,  to  be  rigid  and  erect.  Examination 
with  the  laryngoscope  readily  shows  the  condition  of  the  parts  to  be  as  abo^  e 
described.  Enlarged  lymphatic  glands  can  usually  be  felt  early  in  the  case- 
behind  the  angle  of  the  lower  jaw. 

In  the  Treafmmf,  local  means  are  of  tlie  first  importance.    The  tongue 
having  been  well  depressed,  the  posterior  part  of  the  larynx,  the  epiglottis,  and 
the  arytffiuo-epiglottidean  folds  must  be  well  scarified  by  means  of  a  hernia- 
knife,  with  which  this  operation  may  be  most  readily  and  safely  done.    If  no 
better  instrument  be  at  hand  in  case  of  emergency,  a  very  useful  amount  of 
scarification  may  be  done  by  the  nail  of  the  Surgeon's  index-finger,  notched 
with  a  knife  to  make  it  tear  the  mucous  membraue  more  readily.    The  patient 
should  then  be  directed  to  inhale  the  steam  of  hot  water,  and  several  leeches 
may  be  applied  under  each  angle  of  the  jaw,  to  be  followed  by  large  and  hot 
poultices  ;  at  the  same  time,  the  bowels  must  be  kept  well  opened,  and  the 
patient  treated  by  antiphlogistic  measures  or  otherwise,  according  to  the 
constitutional  condition.    Most  frequently,  I  have  found  antimonials  of  great 
service  in  the  early  stages,  followed  later  by  support  and  stimulants.    A  lew 
hours  after  the  engorged  tissues  have  been  unloaded  by  scarification,  the 
fauces,  pharynx,  and  upper  part  of  the  larynx  should  be  Avell  sponged  out  Avith 
a  stroug  solution  of  the  nitrate  of  silver  (sixty  grains  to  an  ounce),  which  must 
be  applied  freely.    If,  notwithstanding  the  cm]iloyment  of  these  measures,  the 
dyspnoea  increase,  the  face  becoming  pale,  livid,  and  bedewed  with  a  clammy 
})erspiration,  it  will  be  necessary  to  open  the  windpipe  to  save  the  patient 
from  suffocation.    In  doing  this  I  prefer  laryngotomy,  for  reasons  that  will  be 
mentioned  when  I  come  to  speak  of  the  Diseases  of  and  Operations  on  the 
Air-passages.    In  order,  howeA'cr,  that  this  operation  may  be  successful,  it 
must  not  be  too  long  delayed,  and  should  not  be  looked  upon  as  a  last  resource; 
if  it  be  done  in  time  (and  time  in  these  cases  is  most  precious,  owino-  to  the 
rapid  progress  of  the  disease),  the  patient's  life  may  probably  be  saved'';  but  if 
it  be  deferred  too  long,  congestion  of  the  lungs  will  come  on,  the  blood  will 
cease  to  be  properly  oxygenated,  and  the  patient  will  sink  from  slow  asphyxia, 
even  though  air  be  at  last  freely  admitted.    If  the  patient  sm-vive  to  the  stao-e 
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of  slougliini,',  g-enornl  support,  with  gargles  of  clioratc  of  potash,  and  bark, 
must  he  our  chief  reliance. 

Erysipelas  of  the  Serous  jMejibranes  was  formerly  supposed  to  be  of 
■comiuon  occurrence,  all  those  cases  of  diffuse  inflannnation  which  are  now 
regarded  as  of  septic  origin  being  at  one  time  classed  as  erysipelatous.  It  is 
highly  probable  that  some  cases  of  diffuse  meningitis  and  peritonitis  follow- 
ing injuries  of  the  head  and  abdomen  are  truly  erysipelatous  and  dependent 
upon  a  specific  A'irus  ;  but  in  by  far  the  greater  proportion  of  these  cases  the 
inflammation  is  due  to  the  diffusion  of  decomposing  discharges  over  the 
sui-facc  of  the  serous  membrane. 
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CHAPTER  XXXIII. 


SEPTICyE]\IIA  AND  TYyT^^IIA. 

])EF]XiTroxs.— The  terms  septicemia  and  pyi-cmiu-  have  been  used  with 
different  simiificance  bv  different  autliors,  and  before  proceeding  to  discuss 
the  affections  to  which 'they  are  appHed,  it  is  necessary  briefly  to  define  the 
sense  in  which  they  w  ill  l)e  used  here. 

The  term  Septicsemia  is  applied  to  a  constitutional'disorder  prciduced  l)y 
thc  entrance  into  the  blood-stream  of  a  poison  g-enerated  in  a  Avound,  the 
discharges  of  wliich  arc  undergoing  jratrefaction  or  fermentative  clianges. 
The  resulting  process  is  not  accompanied  by  the  formation  of  secondary  or 
metastatic  centres  of  inflammation  or  suppuration.  Experiments  on  animals^ 
have  shown  that  two  distinct  forms  of  disease  may  arise  from  the  entrance  of 
putrid  matter  into  the  blood-stream.  First,  an  acute  general  affection,  not 
infective  in  character,  resulting  from  the  admixture  of  the  chemical  products 
of  putrefaction  with  the  blood  ;  this  poison  does  not  increase  in  the  system, 
and  its  effects  are  proportioned  to  the  dose.  Secondly,  a  true  infective 
process,  dependent  on  a  specific  virus,  which  multiplies  in  tlie  organism 
like  that  of  an  acute  specific  fever,  so  that  its  effects  are  not  proportional  to 
the  orioinal  dose.  The  former  of  these  conditions  has  received  the  name  of 
septic  poisoning,  or  septic  intoxication,  the  latter  of  septic  infection. 
By  some  authors  the  infective  form  of  septicemia  has  been  described  under 
the  name  of  pya)mia  simplex. 

Pyaemia  is  a  general  disease  consequent  upon  the  entrance  into  the  blood- 
stream of  a  virus  contained  in  the  products  of  a  local  unhealthy  inflammation. 
It  is  accompanied  by  the  formation  of  secondary  centres  of  suppuration  dis- 
seminated throughout  the  body.    The  name  pyemia  was  originally  derived 
from  the  theory  that  the  disease  was  due  to  the  entrance  of  pus  into  the 
blood-stream,  and,  although  this  theory  is  no  longer  regarded  as  true,  the  word 
has  come  to  have  so  definite  a  clinical  significance  that  it  v^  ould  l)e  incon- 
venient to  change  it.    Pyemia  almost  invariably  arises  in  connexion  with 
wounds  the  discharges  of  which  are  in  a  putrid  condition,  and  is  conse- 
quently frequently  complicated  with  septic  poisoning.    It  may  arise  also  from 
Avounds  or  sores  Avhich  haA  c  previously  been  attacked  by  cutaneous  erysipelas, 
diffase  cellulitis,  or  hospital  gangrene.    It  is  evident,  therefore,  that  in  actual 
practice  these  various  secondary  diseases  often  become  more  or  less  confused 
together,  giving  rise  to  forms  apparently  intermediate  betAveen  the  different 
affections,  Avhich  have  led  to  much  confusion  Avith  regard  to  them, 

ExpEiiBiEKTATi  Investigations  into  the  Nature  of  8epticvi:.aiia  aisi> 
Py^tjmia. — The  earliest  experiments  on  this  subject  Avere  made  by  Gaspard  in 
the  early  part  of  this  century  and  first  published  in  LS22,  since  Avhich  time 
investigations  have  been  almost  continuously  carried  on  up  to  the  present 
time  liy  Yii'choAv,  Panum,  0.  "Weber,  Billroth,  Bergmann,  Burden  Sanderson, 
Chauveau,  Koch,  Huetcr,  Klebs,  and  many  others.    The  literature  of  the 
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suhjcct  is  now  so  vast  tliat  it  is  impossible  here  to  give  more  tlian  the  briefest 
possible  summary  of  the  results  that  have  been  obtained. 

If  a  septic  liquid,  such  as  putrid  blood  or  serum,  or  water  in  which  animal 
tissues  have  been  macerated,  be  carefully  filtered  and  injected  either  into  the 
subcutaneous  tissue  or  directlv  into  a  vein  of  an  animal,  certain  definite 
symptoms  are  produced. 

If  the  dose  injected  be  in  sufficient  quantity  to  pro^'e  fatal,  the  first  symptom 
is  a  slight  shudder,  followed  by  some  muscular  twitchings  and  restlessness  ; 
l)ut  muscular  power  soon  begins  to  fail  and  the  animal  falls  on  its  side.  In 
the  meantime  symptoms  referable  to  the  alimentary  tract  develop  themselves ; 
vomiting  and  profuse  diarrhoea  with  tenesmus  set  in.  The  ejecta  are  at  first 
feculent,  but  rapidly  become  serous  and  tinged  with  blood.  Dyspnoea  sets 
in,  the  power  in  the  voluntary  muscles  is  still  further  lost,  and  death  ensues 
apparently  from  failure  of  the  heart's  action.  The  temi:)erature  rises  at  first 
from  three  to  four  degrees  and  then  gradually  subsides,  ra])idly  falling  at  last 
to  one  or  two  degrees  below  the  normal  as  the  animal  dies.  The  fatal  effect 
is  produced  in  from  two  to  three  hours,  or  even  less,  to  twenty-four  hours,  or 
more,  according  to  the  dose.  If  the  quantity  injected  be  insufficient  to  cause 
death  the  animal  quickly  recovei-s  its  normal  health,  even  though  severe 
gastro-intestinal  symptoms  may  have  been  induced.  AVhen  smaller  doses  are 
used  a  febrile  disturbance  of  limited  duration  is  the  only  result. 

If  an  animal  killed  in  this  way  be  examined  after  death,  tolerably  uniform 
appearances  are  met  with  ;  the  blood  is  dark-coloured,  and  sometimes  im- 
perfectly coagulated,  the  inner  coats  of  the  vessels  and  the  endocardium  are 
darkly  stained,  and  the  scrum  is  reddened  by  the  colouring  matter  of  the  red 
corpuscles,  which  have  become,  to  a  certain  extent,  disintegrated  in  the  blood 
c\  en  before  the  death  of  the  animal.  Small  extravasations  of  blood  (petechiie) 
are  found  beneath  the  pericardium  and  pleura,  and  occasionally  in  other 
parts  ;  the  lungs  arc  congested,  the  glandular  viscera  swollen,  and  the  spleen 
enlarged,  soft,  and  pulpy.  The  mucous  membrane  of  the  intestines  is  intensely 
injected,  and  its  epithehum  is  found  to  have  been  separated. 

Further  experiments  have  shown  that  the  blood  in  an  animal  thus  killed  is 
not  infective,  and  contains  no  recognizable  microscopic  organisms.  The 
process  is,  therefore,  assumed  to  be  one  of  simple  poisoning  by  a  chemical 
poison,  and  no  more  an  infective  process  than  if  arsenic  or  any  similar  sub- 
stance were  injected  into  the  blood-stream.  From  the  time  of  CJaspard  efforts 
have  been  made  to  ascertain  the  exact  chemical  nature  of  the  toxic  substance 
developed  in  animal  fluids  during  putrefaction.  This,  however,  has  not  as  yet 
been  accomplished.  By  adding  strong  boiling  alcohol  to  a  clear  filtered 
solution  of  putrid  meat-infusion  a  precipitate  is  obtained,  which  can  be  again 
dissolved  in  water,  and  the  clear  solution  possesses  the  most  intensely  toxic  pro- 
perties, giving  rise,  if  injected,  to  the  characteristic  symptom  of  septic  poisoning. 
The  poison  is,  therefore,  soluble  in  water  and  precipitablc  by  alcohol.  Bergmann 
succeeded  in  further  extracting  a  crystalline  substance,  to  which  he  gave  the 
name  of  "  sejmn,''  but  it  has  not  by  any  means  been  conclusively  proved 
that  this  is  the  sole  poisonous  principle  in  putrid  fluids.  The  clear  solution 
of  the  septic  poison  is  perfectly  free  from  microscopic  organisms.  The 
relation  of  microscopic  organisms  to  the  process  of  putrefaction  has  already 
been  discussed  (p.  1 0-t)  ;  and  assuming  the  germ-theory  of  decomposition  to 
be  true,  bacteria,  although  not  themselves  concerned  directly  in  the  production 


936 


SEPTICEMIA   AXD  PY.EMIA. 


of  the  symptoms  of  septic  poisonino-,  are  essential  to  the  production  of  the 
poison.  Tliat  they  are  not  the  actual  poison  was  shown  by  Hiller,  who  col- 
lected a  mass  of  the  ordinary  bacteria  of  putrefaction  on  a  filter,  washed  them 
in  distilled  water,  and  then  injected  them  into  animals,  and  also  into  his  own 
body  without  producing  auy  evil  eflect.  Tiiat  the  bacteria  had  not  been 
injured  by  the  distilled  water  was  shown  by  other  experiments  in  which 
their  power  of  growing  and  causing  putrefaction  in  organic  solutions  was 
demonstrated. 

Those  experiments  may,  therefore,  be  said  to  shoAV  that  in  the  process  of 
putrefaction  a  complex  substance  is  formed  which  is  soluble  in  water,  and 
possesses  intensely  toxic  properties,  in  small  doses  giving  rise  to  severe  febrile 
disturbance,  in  large  doses  causing  a  fatal  illness  accompanied  by  definite 
sjanptoms.  The  affection  thus  produced  in  its  most  intense  form  is  spoken  of 
as  septicffimia,  but  to  avoid  confusion  is  Ijetter  termed  septic  poisoning.  The 
effect  produced  l)y  a  smaller  dose  forms,  as  has  already  been  pointed  out,  one 
form  of  so-called  traumatic  fever. 

The  injection  of  putrid  animal  fluids  into  the  subcutaneous  tissue  or 
blood-stream  is  not,  however,  in  all  cases  followed  merely  by  poisoning 
from  the  chemical  products  of  putrefaction.  Under  certain  conditions  a 
true  infective  process  ensues,  as  was  first  pointed  out  by  Davaine.  The 
best  example  of  this  process  is  perhaps  furnished  by  the  experiments  of 
Eobert  Koch,  in  Avhich  putrid  fluids,  such  as  blood  or  meat  infusion  were 
injected  into  mice  beneath  the  skin  of  the  back.  If  the  quantity  used 
was  sufficient,  the  animals  died  with  all  the  symptoms  of  septic  poison- 
ing in  four  or  five  hours.  When  one  drop  only  was  injected  about  two- 
thirds  of  the  mice  reco^'ered  without  any  serious  symptoms,  but  in  the 
remaining  third,  after  twenty-four  hours  of  apparent  health,  a  definite 
iUness  set  in  Avhich  invariably  terminated  fatally  in  from  forty  to  sixty  hours 
after  inoculation.  The  first  symptom  was  a  dulness  of  the  eye,  with  increased 
secretion  from  the  conjunctiva,  the  animal  became  languid,  ceased  to  eat,  and 
finally  sat  still  with  its  back  bent  and  its  legs  drawn  under  it.  Its  respirations 
gradually  became  slower,  and  death  came  on  almost  imperceptibly.  On 
examining  it  after  death  some  local  inflammation,  with  serous  exudation,  was 
found  at  the  seat  of  inoculation,  but  the  internal  organs  showed  no  marked 
change  beyond  some  swelling  of  the  spleen.  If  the  point  of  a  knife  was 
dipped  in  the  blood,  or  in  the  exudation  at  the  seat  of  inoculation,  and  a 
mere  scratch  was  then  made  with  it  on  the  ear  or  tail  of  another  mouse,  death 
invariably  followed,  with  the  same  symptoms  and  in  about  the  same  time,  and 
thus  the  disease  might  be  transmitted  indefinitely  from  animal  to  animal.  A 
drop  of  the  blood  from  an  infective  mouse  placed  on  a  glass  slide,  dried, 
stained  with  methyl-violet,  and  mounted  in  Canada  balsam,  was  found  to 
contain  vast  numbers  of  verv  delicate  bacilli,  about  ir-Vrr  of  an  inch  lone-, 
and  one-eighth  of  their  length  in  breadth.  Many  of  these  were  seen  to  have 
penetrated  into  the  substance  of  the  white  corpuscles,  and  apparently  to  have 
multiplied  within  them. 

An  attempt  was  subsequently  made  to  transmit  the  disease  to  other  animals, 
but  without  success.  Even  the  field-mouse,  though  apparently  so  nearlv 
allied  to  the  house-mouse,  was  found  to  be  incapable  of  receiving  the  poison.' 

A  general  infective  process  was  induced  by  Davaine  in  a  similar  w\^y  in 
rabbits  by  the  inoculation  of  putrid  fluids  ;  but  the  organism  found  in  the 
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blood  was  in  that  case  of  a  different  form.  Both  Dayainc  and  Koch  found 
that  tlie  infective  process  was  more  certainly  induced  by  fluids  in  an  early 
stage  of  decomposition. 

The  infective  processes  in  this  way  have  been  described  as  "  septicasmia  " 
by  both  Davainc  and  Koch,  but  as  that  term  is  also  apjjlied  to  the  simple 
chemical  poisoning  from  ]nitrid  matter  it  is  better  to  speak  of  the  infective 
disease  as  sfpllr  infect  ton,  and  the  non-infective  as  sq)!ic  poisoninr/. 

The  foregoing  experiments  have  shown,  therefore,  that  an  acute  infective 
process,  unaccompanied  by  the  formation  of  secondary  centres  of  inflammation, 
can  be  induced  both  in  mice  and  rabbits  by  the  injection  of  putrid  animal 
fluids  beneath  the  skin. 

Koch  succeeded  in  further  experiments  in  in-oducing  an  infective  disease, 
in  which  the  de^"elopment  of  secondary  centres  of  inflammation  formed  a  i)art 
of  the  process.  A  fluid,  prepared  by  macerating  a  i)iece  of  the  skin  of  a  mouse, 
was  injected  beneath  the  skin  of  a  rabbit.  After  two  days  the  animal  became 
ill,  and  gradually  growing  weaker  died  105  hours  after  the  injection.  The 
post-mortem  examination  showed  a  diftiise  purulent  inflammation  at  the 
seat  of  inoculation,  which  had  extended  to  the  peritoneum ;  the  spleen 
Avas  swollen  and  the  liver  contained  grey  wedge-shaped  patches,  and  dark  red 
airless  spots  the  size  of  a  pea  were  found  in  the  lungs.  Micrococci  were 
found  in  great  numbers  throughout  the  body,  especially  in  the  parts  that 
had  undergone  changes  visible  to  the  naked  eye.  In  the  vessels  in  many 
parts,  dense  masses  of  micrococci  mixed  with  red  corpuscles  were  found 
adherent  to  the  walls,  and  Koch  felt  justified  in  coming  to  the  conclusion  that 
capillary  thrombi  were  thus  produced,  and  that  the  patches  in  the  lungs  and 
liver  were  caused  in  this  way.  In  the  metastatic  deposits,  not  only  were  the 
vessels  plugged  with  mixed  red  corpuscles  and  micrococci,  but  the  organisms 
had  penetrated  the  walls  of  the  \  essels  and  were  invading  the  surrounding- 
tissues.  Some  blood  from  the  affected  animal  injected  beneath  the  skin  of 
another  rabbit  produced  essentially  the  same  condition  Avhich  terminated 
iatally  in  forty  hours.  The  disease  thus  induced  was,  therefore,  a  general 
infective  process  accompanied  by  secondary  or  metastatic  deposits  closely 
resembling  those  met  with  in  ])ytemia  in  man. 

Lastly,  numerous  exj^eriments  have  been  made  by  Cruveilhicr,  Hedillot, 
Virchow,  0.  Weber,  Henry  Lee,  Savory,  and  many  others  with  the  a  icw  of 
iisccrtaining  the  part  played  by  embolism  in  the  production  of  the  secondary 
abscesses  in  pyasmia.  Their  result  has  been  to  show,  that  if  a  fluid  holding  in 
suspension  solid  particles  of  sufficient  size  to  lodge  in  the  smaller  arteries  of 
the  lung  be  injected  into  the  blood-sti'eam,  the  effect  ja-oduced  will  depend 
upon  whether  the  solid  matter  is  irritating  or  not.  Non-irritating  emboli 
lodging  in  the  terminal  arteries  of  the  lung  cause  the  part  cut  off  from  the 
direct  blood-supply  to  be  intensely  injected  with  blood.  The  walls  of  the 
capillaries  soften  and  give  way,  and  lia3morrhage  takes  place  into  the  tissue  of 
the  lung.  A  wedge-shaped  airless  patch  is  thus  formed  of  dark  purple  colour 
on  the  surface,  or  as  it  is  called  a  hccmorrkaf/ic  infarct.  The  whole  infarct  is 
gi-adually  absorbed  without  suppuration,  leaving  a  cicatrix  on  tlic  surface. 
0.  Weber  also  states  that  very  fine  solid  particles  may  pass  through  the 
capillaries  of  the  lung  and  give  rise  to  embolism  in  the  course  of  the  systemic 
circulation.  Should  the  embolus,  however,  possess  irritating  properties,  the 
infarct  softens  and  breaks  down,  inflammation  and  suppuration  follow  in  the 
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suiTouiuliiig  tissues,  and  tlins  aii  abscess  is  fonned.  If  the  iiTjtating  embolus 
])e  so  small  as  to  lodge  in  the  capillaries  only,  it  will  directly  excite  inflamma- 
tion and  suppuration  at  the  point  at  which  it  lodges.  The  experiments  have 
shown  that  similar  results  follow  whether  the  embolus  owes  its  irritating  pro- 
perties to  its  mechanical  condition,  its  chemical  composition,  or  to  its  containing 
a  specific  virus.  Thus  abscesses  in  the  lung  have  occasionally  followed  the 
injec-tiou  of  charcoal,  and  mercury.  Decomposing  fibrin  or  blood-clot  or 
pntrid  fat  never  fail  to  produce  them.  If  the  emboli  enter  the  general  circu- 
lation, abscesses  may  form  in  other  viscera  or  tissues.  These  observations 
show  that  the  existence  of  secondary  or  metastatic  abscesses  does  not  neces- 
sarily indicate  a  true  ini'ective  process,  as  the  causes  of  the  disseminated  local 
inflammations  may  be  carried  by  the  blood  without  developing  or  multiplying 
in  that  fluid. 

Experimental  pathology  has  thus  thrown  great  light  upon  the  nature  and 
causes  of  septicasmia  and  pyemia,  but  much  stifl  remains  to  be  explained.  It 
will  be  noticed  that  the  genuine  infective  diseases  are  associated  with  the 
presence  of  definite  microscopic  organisms  which,  according  to  the  majority  of 
modern  pathologists,  arc  supposed  to  stand  in  some  direct  causal  relation  to  the 
process,  yet  they  all  arise  from  the  injection  of  apparently  similar  putrid  fluids. 
Microscopic  examination  shows  that  in  the  early  stages  of  putrefaction 
numerous  different  organisms — bacilli,  bacteria,  and  micrococci — are  found  in 
the  putrid  fluid ;  but  it  has  not  been  clearly  shown  that  each  of  the  forms  sub- 
sequently found  in  the  blood  of  the  affected  animals  is  present.  As  putrefac- 
tion advances,  the  ordinary  septic  bacteria  which,  as  shown  by  Hiller,  cannot 
develop  in  a  living  animal,  become  more  abundant,  choking  the  other  forms, 
and  this  fact  has  been  suggested  as  an  explanation  of  the  diminished  virulence 
of  the  fluid  after  the  second  day. 

Septic  poisoning  by  the  chemical  products  of  putrefaction  can  be  produced 
with  certainty  in  any  animal  by  the  injection  of  a  sufficient  dose  of  the  putrid 
fluid.  The  symptoms  produced  are  nearly  identical  in  all  species,  though  some 
animals,  as  the  rodents,  suffer  more  severely  than  the  carnivora.  On  the  other 
hand  true  septic  infection  cannot  always  be  produced  at  will.  The  same  dose 
of  the  same  fluid  injected  into  different  animals  of  the  same  species  may  induce 
the  disease  in  some  and  fail  in  others  ;  and  different  species  are  differently 
affected.  It  is  evident  therefore  that  there  are  other  causes  dependent  upon 
the  animal  itself,  which  are  essential  to  the  development  of  the  infective 
disease,  and  of  the  nature  of  these  we  are  still  ignorant.  AVhen  once,  however, 
the  disease  is  developed,  it  can  be  communicated  from  one  animal  to  another 
of  the  same  species  Avith  perfect  certainty  ;  but  fi-equently  it  is  incapable  of 
being  transmitted  to  animals  of  a  ditterent  species. 

Our  knowledge  may  be  briefly  summarised  thus  :  that  all  putrid  animal 
fluids  contain  a  chemical  poison  which,  if  absorbed,  will  cause  a  con- 
stitutional disturbance  proportional  to  the  dose,  and  that  they  frequently, 
and  perhaps  always,  contain  also  a  virus  capable  under  favourable  conditions  of 
setting  up  a  true  general  infective  disease  ;  and  lastly,  that  should  solid 
l)articles,  as  from  a  softening  thrombus  enter  the  blood-stream,  they  will,  if 
impregnated  cither  with  the  simple  chemical  poison  or  the  specific  virus,  set 
up  disseminated  centres  of  inflammation  and  suppuration  wherever  they  lodge. 
The  importance,  therefore,  of  avoiding  putrefaction  in  the  discharges  of  Avounds 
cannot  possibly  be  over-rated  in  the  prevention  of  pyaemia  and  septicaemia. 
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Altliono'h  the  conditions  in  a  wound  in  the  human  subject  arc  somewhat 
ditlerent  from  those  obtained  in  experimenting:  on  animals,  yet  the  analogy  is 
close  enough  to  justify  us  in  applying-  the  results  obtained  to  surgical  practice. 
A  recent  Avound  with  decomposing  discharges,  or  a  deep  cavity  with  pent-up 
putrid  pus  in  it,  are  conditions  essentially  similar  to  those  obtained  by  inject- 
ing a  syringeful  of  a  putrid  fluid  beneath  the  skin  of  an  animal. 

Causes  of  SEPTicrariA  and  PY.KiriA.* — Simple  septic  poisoning  may  occur 
whenever  a  sufficient  quantity  of  decomposing  blood,  serum,  or  pus  is  collected 
in  a  wound  or  cavity  of  the  body.  Putrefaction,  as  before  pointed  out,  will 
occur  in  such  collections  of  fluid  under  all  ordinary  conditions  to  which  a 
patient  is  exposed  either  in  hospital  or  private  practice.  He]itic  poisoning 
atiects  a  patient  debilitated  by  want  of  proper  food  and  bad  hygienic  con- 
ditions more  severely  than  one  placed  under  better  circumstances,  but  beyond 
this  the  surroundings  of  the  patient  exercise  but  little  influence  on  its  occur- 
rence. The  causes  of  the  process  are  to  be  looked  for  in  the  wound  itself,  and 
septic  poisoning  may  always  be  prevented  by  efficient  drainage  and  antiseptic 
treatment. 

The  genuine  infective  processes,  septic  infection,  and  pya3mia,  will,  on  the 
other  hand,  rarely  develop  in  spite  of  the  presence  of  decomposing  matter  in 
the  wound  except  when  the  patient  is  jDlaced  under  unfavourable  hygienic 
conditions.  The  experiments  already  described,  in  which  septic  infection  and 
pyremia  have  been  artificially  induced  by  the  injection  of  putrid  fluids  beneath 
the  skin  of  an  animal  show  that  the  presence  of  decomj)osing  matter  is  an  im- 
Ijortant  clement  in  the  causation  of  these  diseases.  Clinical  experience  has 
fully  confirmed  this  fact.  Pytemia  has  been  practically  banished  from  many 
hospitals,  chiefly  Continental,  in  which  it  was  formerly  a  frequent  cause  of 
death,  merely  by  the  adoption  of  antiseptic  methods  of  treating  wounds — ■ 
ventilation,  cubic  space,  and  other  conditions  suiTounding  the  patient  being- 
unchanged.  On  the  other  hand,  a  strict  attention  to  the  laws  of  h3'gieno  has 
been  equally  successful  in  preventing  these  diseases  even  when  the  Surgeons 
liave  not  adopted  any  special  mode  of  antiseptic  treatment. 

These  diseases  arc  predisposed  to  by  all  conditions  of  life,  either  before  or 
after  operations  or  injuries,  that  tend  to  impair  the  health,  to  lower  the 
strength,  and  to  induce  an  unhealthy  state  of  the  system,  such  as  constant 
Avant  of  fresh  air,  overcrowding  in  working  or  in  sleeping  apartments,  abuse 
of  alcohol,  and  insufficient  or  improper  food.  Of  all  these  causes,  overcrowd- 
ing is  undoul)tcdly  the  most  frequent  and  the  most  fatal  ;  more  particularly 
is  overcrowding  of  patients  injurious,  if  many  are  suffering  from  suppurating 
wounds.  That  pytemia  is  the  result  of  the  faulty  hygienic  coiuHtions  just 
alluded  to,  viz.,  want  of  pure  air,  overcrowding,  and  insufficient  and  unwhole- 
some diet,  is  evident  from  the  fact  of  its  being  most  destructive  where  these 
causes  of  disease  prevail,  as  amongst  the  poorer  classes  of  all  large  and  densely 
peopled  towns  ;  while  in  the  purer  air  of  country  districts,  or  in  private 
practice  amongst  the  wealthier  classes,  it  is  rarely  met  with.  It  is  one  of 
those  causes  of  death  after  operations  that  might  and  ought  to  be  prevented  ; 
and  wherever  it  is  frequent,  we  may  be  sure  not  only  that  proper  attention 
is  not  being  paid  to  the  prevention  of  decomposition  and  to  cleanliness  in  the 
treatment  of  the  wounds,  but  that  either  the  constitutions  of  the  patients  are 

*  Sec  also  CliaptLTs  I.  and  II.,  and  "  Hospitalisni  and  the  Causes  of  Death  after  Operation."  Longnian.s, 
1874. 
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peculiarly  deteriorated,  or  else  that  the  hygienic  conditions  to  which  they  ai-e 
exposed  after  the  injury  or  operation  are  more  than  usually  faulty.  That  it 
may  be  prevented,  has  been  abundantly  proved  by  the  experience  gained  in  the 
Franco-German  war  of  ]87().  In  that  great  struggle,  the  fact,  which  had 
been  previously  well  known  to  all  scientific  Surgeons,  was  established  beyond 
all  possibility  of  cavil,  that  the  danger  of  pytemia  increased,  rfeion's parihns, 
in  proportion  as  the  hygiene  was  faulty  and  as  wounded  patients  were  closely 
crowded,  so  that  the  atmosphere  surrounding  them  became  contaminated  by 
foetid  exhalations  from  the  decom])Osing  discharges  of  suppurating  wounds. 
It  Avas  found  that,  in  the  great  mass  of  the  wounded,  pyaimia  was  developed 
among  those  who  were  aggregated  within  the  walls  of  hos]n'tals  or  regular 
buildings,  such  as  churches,  barns,  school-houses,  and  conservatories,  which, 
though  clean  and  airy,  did  not  admit  of  thorough  ventilation  :  while  it  was 
almost,  if  not  entirely,  absent  among  wounded  soldiers  of  exactly  the  same 
class  who  were  treated  in  hastily  constructed  open  and  draughty  huts. 

SEPTICAEMIA. 

The  two  forms  of  disease  known  as  septicaimia,  septic  poisoning,  and  septic 
infection,  are  not  always  to  be  clearly  distinguished  from  each  other  in 
surgical  practice,  partly  because  the  symptoms  of  the  two  affections  closely 
resemble  each  other  and  partly  because  the  true  infective  jn-ocess  is  frequently 
complicated  or  pi'cceded  by  the  non-infective.  They  are  sufficiently  distinct, 
however,  to  justify  a  separate  description. 

Septic  PoisoNiNf;,  Septic  Intoxication,  or,  as  it  has  sometimes  been 
called,  Sapraemia,  is  the  general  aifection  produced  by  the  absoi'iDtiou  of  a 
sufficient  dose  of  the  chemical  products  of  putrefaction  to  endanger  life. 
The  milder  effects  of  the  same  poison  are  classed  as  septic  traumatic  fever. 
Such  a  division  as  this  is  unscientific,  and  will  no  doubt  before  long  be  done 
away  with,  but  at  the  present  time  to  speak  of  the  milder  forms  of  septic 
wound-fever  as  septicaemia  would  only  increase  the  confusion  already  existing. 

For  septic  poisoning  to  take  place  it  is  necessary  that  there  should  be  a. 
considerable  quantity  of  decomposing  matter  so  situated  that  absorption  of 
the  poison  can  readily  take  place.  The  conditions,  therefore,  under  which  it 
is  most  likely  to  occur  are  large  and  irregular  wounds,  such  as  those  resulting 
from  compound  fractures  of  the  bones  of  a  limb  ;  hollow  wounds,  such  as 
those  left  by  the  removal  of  tumours  ;  wounds  of  joints  ;  wounds  involving 
the  pleura  and  peritoneum  and  large  abscesses  opening  externally  by  an 
insufficient  aperture.  Perfect  drainage  of  injuries  of  this  kind  so  far  limits 
the  quantity  of  septic  matter  as  to  render  acute  septic  poisoning  almost 
impossible.  Absorption  takes  place  most  readily  from  recent  wounds,  serous 
or  synovial  cavities.  When  suppuration  has  set  in  absorption  takes  place 
much  less  readily,  as  healthy  granulations  take  up  the  poison  with  diificulty, 
unless  the  septic  matter  is  pent  up  in  contact  with  them  at  some  degree  of 
pressure. 

The  symptoms  of  acute  septic  poisoning  or  septic  intoxication  are  the 
following.  On  the  second  day  after  the  injury  or  operation  the  temperature 
rises  considerably,  reaching  from  lo3°  F.  to  1(U°  F.,  or  even  higher.  The 
skni  is  dry,  and  feels  hot  to  the  hand.  There  may  be  a  chill  or  even  a  severe 
rigor,  but  this  is  by  no  means  constant.  The  ]iatient  feels  very  ill,  there  is 
complete  loss  of  appetite,  with  headache,  a  quick  pulse,  and  a  dry  furred 
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tono-uc.  Delirium  usually  sots  in  at  night,  and  occasionally  is  violent.  By 
the  third  day  after  tlie  injury  souie  disturhance  of  the  aliuicntary  tract  sets 
in.  Voniitinn-  is  common,  but  diarrhoea  is  not  frcqncut.  In  ^•ery  acuta  c;ases 
the  symptoms  of  collapse  quickly  set  in.  The  pulse  becomes  rapid,  feeble, 
and  irregular,  the  tongue  brown  and  dry,  and  the  li})s  covered  with  sordes  ;  the 
temperature  falls,  and  may  sink  even  below  normal,  consciousness  is  lost, 
and  the  patient  may  become  comatose  before  death.  Dyspncca  is  a  common 
symptom  during  the  last  day.  The  skin  may  assume  a  yellowish  tiut  before 
death.    The  urine  fi-equently  contains  albumen. 

In  cases  in  which  the  septic  matter  Avhich  is  causing  the  mischief  is  in  the 
cavity  of  the  pleura  or  peritoneum  the  symptoms  niiiy  set  in  and  ])rovc  fatal 
before  the  end  of  the  third  day.  When  the  pi'imary  mischief  is  a  large  Avonnd 
of  tbe  soft  parts,  or  a  compound  fracture,  the  symi)toms  may  be  less  se^•ere  and 
the  duration  of  the  case  may  extend  to  a  week  or  more  before  death  takes 
place.  In  these  less  acute  cases  the  temperature  is  lower  ;  vomitiug  and 
diarrh(ca  are  common  ;  there  is  rapid  emaciation  and  loss  of  strength,  death 
fiually  occurring  rather  from  exhaustion  than  collaj^se. 

In  contrastiug  these  symptoms  Avith  those  produced  in  animals  by  the 
injection  of  putrid  fluids  beneath  the  skin,  it  will  be  seen  that  there  is  a 
general  resemblance,  which  is  quite  as  close  as  could  be  expected  when  the 
differences  in  the  conditions  are  considered.  In  experimental  septic  poisoning 
the  full  dose  is  injected  once  for  all  under  the  skin,  or  into  the  blood  ;  if  in 
sufficient  quantity  it  is  speedily  fatal,  if  not  the  animal  recovers.  In  septic 
poisoning,  as  it  occurs  in  man,  the  process  of  pntref>xction  gradually  developes 
in  the  putrcscible  matter  in  the  wound,  and  the  symptoms  consequently  are 
more  slowly  manifested.  The  local  inflammation  caused  by  the  pent-up 
septic  discharges  is  necessarily  accompanied  by  exudation,  w^hich  maintains  a 
constant  supply  of  fresh  decomposable  matter,  and  consequently  a  continuous 
development  of  the  poison  takes  place.  The  symptoms  are  in  fact  as  a  rule 
the  result  of  the  prolonged  aduiinistration  of  a  moderate  dose  of  the  septic 
poison  rather  than  of  the  sudden  entrance  of  a  fatal  quantity  into  the  blood- 
stream. 

The  Post-mortem  Appearances  arc  almost  identical  with  those  obscr\'ed 
Avhen  the  disease  is  produced  artihcially  in  animals.  In  extremely  acute  cases 
the  signs  of  decorajjosition  set  in  early,  and  the  surface  in  a  few  hours  after 
death  becomes  marked  l)y  lines  corresponding  to  the  superficial  veins.  Rigor 
mortis  is  often  feebly  marked.  On  openiug  the  body  the  blood  may  be  found 
imperfectly  coagulated  and  dark  in  colour,  but  this  is  by  no  means  common. 
A  slight  excess  of  serum,  often  darkly  stained  with  the  colouriug  matter  of  tiie 
blood,  niiiy  be  found  both  in  the  pericardium  and  i^eritoneum.  The  heart  is 
flabby,  and  marked  in  many  cases  by  small  extravasatioiis  of  blood  (petechia3) 
beneath  the  pericardium,  usually  most  abundant  at  the  back  of  the  heart. 
Similar  petechias  may  be  found  also  beneath  the  pleura  and  peritoneum.  On 
opening  the  heart  the  endocardium  is  found  darkly  stained,  even  at  an  eai-ly 
period  after  death.  The  lungs  always  show  marked  hypostatic  congestion,  their 
posterior  part  being  dark  purple,  swollen  and  oedeinatous.  The  liver  and 
kidneys  are  swollen  and  often  full  of  blood,  and  the  spleen  is  swollen  and  soft, 
sometimes  almost  diffluent.  The  mncous  membrane  of  the  alimentary  canal 
is  often  congested,  bnt  with  nothing  approaching  to  the  intensity  met  with  in 
animals. 
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The  post-mortem  appearances  are  due,  first  to  the  changes  in  the  ])lood,  the 
most  marked  of  which  is  the  rapid  disintegration  of  the  red  corpuscles, 
causing  the  staining  of  vessels  and  tissues.  This  disintegration  takes  place  iu 
extreme  cases  before  death.  The  corpuscles  are  found  not  to  run  together  in 
rouleaux  but  to  form  iiregular  clumps.  This  also  has  been  observed  during 
life,  and  the  blocking  of  the  vessels  liy  these  masses  of  corpuscles  is  probably 
the  cause  of  the  capillary  hasmorrhages  found  throughout  the  body.  Secondly, 
there  is  a  marked  tendency  to  passi\  e  congestion  of  the  viscera,  consequent  on 
the  feeble  action  of  the  heart  before  death  :  and,  lastly,  there  is  cloudy  swelling 
of  the  epithelium  of  the  glandular  viscera. 

In  more  chronic  cases  of  septic  poisoning  similar  changes  are  found,  but  less 
marked  in  proportion  to  the  chronicity  of  the  case. 

Diagnosis. — Septic  poisoning  can  be  confounded  only  with  some  malignant 
specific  fever,  but  the  distinct  connexion  of  the  symptoms  with  their  cause  is 
in  most  cases  so  evident  that  an  error  is  scarcely  likely  to  be  made.  In 
former  times  many  cases  of  septic  poisoning  after  operations  were  classed  as 
col!a})se,  or  exhaustion. 

Prognosis. — The  prognosis  depends  upon  tlie  severity  of  tlie  symptoms 
and  the  possibility  of  removing  the  cause.  If  the  accumulation  of  septic 
matter  can  be  cleared  away  and  its  re-accumulatiou  ju'eveuted,  cases  appar- 
ently ho])eless  may  sometimes  recover. 

Treatment. — Tlie  treatment  consists  in  removing  tlie  cause,  as  by  laying 
a  joint  freely  open,  cjilarging  the -fipertnre  in  an  im])crfectly  o])encd  abscess, 
or  estabhshing  good  drainage  in  a  cavity,  as  the  peritoneum  or  pleura,  or  iu  a 
wound.  The  occurrence  of  septic  poisoning  can  generally  be  prevented  by 
antiseptic  treatment,  and  efiicieut  drainage.  The  patient's  strength  nnist  be 
kejjt  up  by  stimulants  and  liquid  food. 

SiiPTic  IxFEOTiON. — Au  acute  general  disease  accompanied  by  symptoms 
closely  resembling  those  just  described  as  resulting  from  septic  poisoning  is 
not  unfrequently  met  with  in  circumstances  which  preclude  the  possibility  of 
its  being  due  merely  to  the  absorption  of  a  chemical  poison.  The  conditions 
which  would  lead  us  to  believe  that  a  given  case  is  the  I'esult  of  a  true  infec- 
tive process  are,  first,  its  arising  from  a  wound  of  such  size  as  to  render  it 
impossible  for  the  necessary  dose  of  septic  matter  to  be  formed  in  it ;  secondlv, 
evidence  of  infection  from  one  patient  to  another  :  and,  thirdly,  the  presence 
of  active  liAing  organisms  in  the  blood.  The  first  conditionals  met  with  in 
those  cases  of  septiciemia  that  follow  the  inoculation  of  the  poison  of  dead 
bodies,  by  a  scratch  or  puncture  during  a  post-mortem  examination.  In 
these  the  local  inflammation  may  be  ^ery  slight,  the  patient  dying  rapidly 
from  blood-poisoning.  Similar  cases  are  sometimes  met  with  after  operations 
in  which  the  wound  is  too  small  to  furnish  a  fatal  dose  of  the  chemical 
products  of  putrefaction.  The  second  condition,  infection  from  another 
patient,  is  seldom  obser\-ed  in  surgical  practice.  It  is,  however,  very  marked 
in  the  septicemia  which  forms  one  of  the  varieties  of  puerperal  fever,  the 
fearful  infectiousness  of  which  is  but  too  well  known.  The  last  condition 
the  presence  of  specific  organisms  iu  the  blood,  has  been  observed  in  many 
cases  of  scpticaimia,  but  our  knowledge  on  this  subject  is  at  present  very 
imperfect  Avhen  compared  with  that  which  we  possess  w^ith  regard  to  seiUic 
infection  in  animals.  It  must  be  remembered,  however,  that  until  recently 
the  non-infective  and  infective  forms  of  septicemia  were  confounded  too-ether 
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and  the  methods  of  observation  have  only  hitely  been  bron<>-ht  to  any  degree 
of  jK'rlection. 

Those  cases  of  septic  infection  which  arise  as  a  consetinence  of  large  wounds, 
the  discharges  of  which  are  in  a  state  of  decomposition,  are  necessarily 
complicated  to  a  greater  or  less  degree  by  septic  poisoning,  and  the  recognition 
of  the  infectiA-c  process  then  becomes  correspondingly  difficnlt. 

Although,  therefore,  at  present  we  are  unable  always  to  separate  septic 
poisoning  and  septic  infection  in  actual  practice,  it  is  to  be  hoped  that  further 
observation  will  enable  ns  to  do  so,  for  the  importance  of  the  distinction  is 
very  great.  Septic  poisoning  is  not  infections,  and  can  be  relieved  by 
removing  the  local  source  of  the  septic  poison  ;  septic  infection,  on  the  other 
hand,  is  supposed  to  be  intensely  contagious,  and  may  be  readily  com nmnicated 
from  one  patient  to  another,  and  as  it  is  a  general  or  blood-disease  no  relief 
can  be  expected  fi'oni  treatment  a]>plied  to  the  local  source  of  infection. 

Symptoms  of  Septic  Infection. — The  disease  is  nsnally  nshered  in  by  a 
distinct  rigor,  often  severe,  and  sometimes  repeated  more  than  once.  The 
temperature  rapidly  rises,  reaching  1(U°  F.  or  10.")°  F.,  or  even  a  higher  point, 
during  the  rigor.  'JMie  subsequent  symptoms  closely  resemble  those  already 
described  as  occurring  during  septic  poisoning.  There  is  delirium,  ending  in 
insensibility,  and  even  in  profound  coma.  The  pulse  is  extremely  rapid  and 
quickly  becomes  feeble.  The  tongue  rapidly  becomes  dry  and  brown,  and  the 
lips  and  teeth  are  covered  with  sordes.  Diarrluca  or  ^'omiting  may  occur. 
The  skin  assumes  a  yellowish  tint,  and  purpuric  spots  may  appear  on  the  skin. 
The  temperature  may  fall  and  become  subnormal  before  death,  or  may  remain 
high  to  the  end.    Dysjiuoea  is  often  a  marked  symptom  before  death. 

In  very  acnte  cases  death  takes  place  on  the  second  or  third  day  after  the 
commencement  of  the  disease,  but  life  may  be  prolonged  even  for  a  week. 

The  post-mortem  appearances  are  the  same  as  in  septic  poisoning  ; 
visceral  congestions,  subserons  petechias,  early  and  intense  post-mortem 
staining,  and  nsnally  a  swollen  and  softened  spleen.  In  some  cases  there  is 
pneumonic  consolidation  of  the  Inng,  and  there  may  be  plenrisy  with  blood- 
stained effusion.  Microscopic  organisms  have  been  recognized  in  the  blood  in 
many  cases,  but  at  present  the  disease  has  not  been  shown  to  be  associated 
with  a  definite  form,  as  in  the  corresponding  affections  produced  experimentally 
in  animals. 

Diagnosis. — In  the  present  state  of  our  knowledge  it  is  frequently  impos- 
sible to  distinguish  septic  infection  from  septic  poisoning  except  in  the  definite 
absence  of  the  cause  of  the  latter  condition,  as  in  some  poisoned  wounds. 
Septic  infection  is  identical  in  its  symptoms  and  post-mortem  a.])pcarauces  also 
with  the  malignant  forms  of  the  acute  specific  fevers  in  which  the  patient  dies 
before  the  characteristic  eruption  appears,  and  unless  the  source  of  infection 
is  evident  the  diagnosis  may  be  very  doubtful. 

Prognosis. — The  uncertainty  of  the  diagnosis  necessarily  iiitcrferes  with 
an  accurate  prognosis  ;  but  when  the  evidence  is  strong  that  the  affection  is  a 
genuine  infective  process  the  case  is  almost  hopeless. 

Treatment. — If  the  case  is  complicated  by  a  septic  wound  means  must  be 
taken  to  remove  the  septic  matter  and  clean  out  the  cavity  with  some  strong 
antiseptic  solution,  as  of  chloride  of  zinc  (40  gr.  to  5]),  or  carbolic  acid  (1  in 
20).  The  patient's  strength  must  be  supported  l)y  fluid  nourishment,  and 
stimulants  and  (|uiniuc  may  be  given  in  large  doses. 
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PYEMIA. 

Pyjcinia  is  merely  a  clinical  expression  for  a  general  disease  originating-  in 
a  local  source  of  infection,  and  accoraiDauied  by  the  formation  of  disseminated 
centres  of  inflammation  and  sujipuration  throughout  the  body.  It  most 
commonly,  in  fact  almost  invariably,  arises  as  the  secondary  result  of  a 
primary  iiiflammation  which  has  reached  the  stage  of  suppuratiou,  and  the 
name  was  derived  from  the  theory  that  the  disease  was  due  to  the  entrance  of 
the  pus  into  the  blood  stream,  or  "  purulent  al)sorption."  It  has  however 
been  clearly  proved  that  healthy  fresh  pus  may  be  injected  freely  into  the 
blood  stream  without  giving  rise  to  the  affection  known  as  ]\y{\3mia.  The 
disease  is  now  believed  to  be  due  to  the  entrance  into  the  blood-stream  of  a 
specific  poison  developed  in  unhealthy  or  decomposing  pus.  Although  in  the 
UTeat  majority  of  cases  in  which  pyremia  conies  under  the  observation  of  the 
Surgeon  it  occurs  as  a  complication  of  wounds  or  injuries  in  which  the 
discharges  are  in  a  state  of  putrefaction,  this  is  not  invariably  the  case. 
Thus,  in  the  disease  known  as  acute  necrosis  of  bone,  pya3mia  often  sets  in 
before  the  sub-peri  osteal  abscess  has  been  opened,  and  w^lien  the  pus  is  per- 
fectly free  from  any  signs  of  decomposition.  The  primary  disease  in  this  case 
is  hoAvevcr  itself  an  infective  process,  and  not  a  simple  inflammation.  Simple 
healthy  abscesses  never  give  rise  to  pyaemia  till  air  has  Ijccn  admitted  from 
without  at  the  time  they  are  opened  or  burst.  Pytemia  is  frequently  met 
as  a  consequence  of  other  specific  suppurative  inflammations  ;  thus,  we  see 
boils,  carbuncles,  diffuse  cellulitis,  and  i^hlegmonous  erysipelas  often  precede 
and  lead  to  its  occurrence. 

Pya3mia  was  formerly  a  very  common  cause  of  death  after  surgical  opera- 
tions and  injuries,  especially  those  implicating  the  veins,  bones,  or  joints. 
The  improved  hygienic  condition  of  most  hospitals,  and  the  introduction  of 
antiseptics  and  drainage  in  the  treatment  of  wounds  have  almost  banished  it 
from  surgical  practice.  In  properly  constructed  and  well  regulated  hospitals 
and  in  private  practice  it  is  rarely  met  with  except  as  a  complication  of  cases 
in  which  efficient  antiseptic  treatment  is  impossible,  as  in  operations  on  the 
urinary  organs,  or  as  a  sequence  of  some  specific  inflammation,  as  carbuncle, 
acute  necrosis,  or  scarlatinal  inflammation  of  the  fauces. 

In  some  rare  cases  the  symptoms  and  post-mortem  appearances  of  pyaemia 
are  met  with  without  any  primary  inflammation  being  fouiul.  These  cases 
have  been  described  as  idiopathic  or  spontaneous  pya3mia. 

The  nature  of  the  ])oison  and  its  mode  of  entrance  into  the  system  will  be 
discussed  with  the  pathology  of  the  disease. 

Pyfcmia  is  characterized  especially  by  two  series  of  phenomena  :  1.  A 
peculiar  train  of  Constitutional  Symptoms  attended  by  a  state  of  great  depres- 
sion of  the  powers  of  the  system;  2.  The  formation  of  Abscesses,  and  the 
occurrence  of  diffuse  inflammations  in  various  parts  of  the  body.  The  disease 
may  be  acute,  subacute,  or  chronic.  Most  usually  it  is  subacute,  and  often 
chronic.  "Whatever  form  it  may  assume,  the  symptoms  are  essentially  the 
same,  differing  only  in  degree. 

Symptoms.— The  invasion  of  the  disease  is  as  follows  :  During  the  period 
of  apparently  ordinary  fel)rile  disturbance,  the  patient  is  seixed  with  a  rio-or. 
usually  very  severe  and  prolonged.  The  rigor  presents  no  difference  from  tliat 
met  with  in  the  iuA  asion  of  many  other  specific  febrile  affections  (p.  18;3) 
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except  111  Its  severity.  In  some  cases  of  pya-mia  the  n'o-or  is  not  repeated,  l)nt 
more  frequently  it  recurs  at  irregular  intervals  of  from  twenty-four  to  forty- 
eight  hours  ;  and,  as  the  disease  becomes  estabh'shed,  even  twice  or  ofbener  in 
the  day.  A  single  rigor,  althougli  a  very  alarming  symptom,  mav  pass  off 
without  the  development  of  the  disease.  The  subse(inent  sweating  is  very 
profnse,  the  bedclothes  being  soaked  with  tlie  perspiration.  These  rigors  are 
necessarily  very  exhausting  to  the  patient. 

The  t&mperature  in  pyaemia  presents  remarkable  and  characteristic  fluctua- 
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iions.  It  is  uniformly  higlicr  than  normal,  but  rises  and  falls  in  its  gene- 
ral level  ill  exact  accordance  with  the  development  of  the  rigors.  The 
accompanying  Diagrams  (Figs.  355,  35G),  for  which  I  am  indebted  to  Dr. 
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Pander,  who  took  them  from  patients  of  miue  will  '-^'^'^  f^l^Zl^^^^^ 
than  a  ly  description.    Wnnderlich  observes  that  the  rise  of  tempe^^^^^ 
the  first  accession  of  pyemic  fever  is  greater  m 
other  disease,  and  that  the  fall  is  equally  rapid  with  the  rise, 

But  it  does  not,  as  a  rule,  reach  the  normal  point,  and  usually 
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ascends  again  long  before  this  is  reached.    In  some  cases,  however,  the  tern-  • 
perature  falls  slightly  below  normal  during  the  profuse  sweating  following  a 
rigor,  as  shown  in  the  accompanying  temperature  charts.    The  rise  in  the 
temperature  precedes  the  occurrence  of  the  rigors  ;  and  the  approach  of  a 
rigor  may  be  predicted  by  noting  a  commencing  rise  in  the  thermometer. , 
There  arc  sometimes  actually  two  rigors  during  one  continuous  rise  of  tern-- 
perature. 

Should  the  rigors  recur  with  some  degree  of  regularity  the  pysemia  may  : 
closely  resemble  an  attack  of  ague.  As  a  rule,  however,  the  regular  periodicity« 
so  characteristic  of  ague  is  wanting  in  pyemia.  After  the  occurrence  of  rigors: 
other  changes  begin  to  manifest  themselves. 

Any  open  wound  that  may  exist  is  usually  in  an  unhealthy  state  at  the  time 
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of  the  invasion  of  the  disease.  It  is  either  foul,  or  slouo-hy,  or  iufiaiued,  and 
discharging  decomposing-  pus,  which  perhaps  does  not  find  a  ready  exit.  Even 
when  the  wound  appears  healthy  superficially,  it  is  probable  that  some  pus  is 
deeply  pent  up  within  it,  or  that  possibly,  if  the  bone  is  injured,  inflammation 
and  suppuration  are  taking  place  in  the  medulla.  PvcTemia  never  arises  from  a 
healthy  superficial  granulating  sore.  When  pyaemia  has  set  in,  the  wound  usually 
becomes  dry  and  ceases  to  discharge  pus.  Even  if  the  superficial  parts  renuiin 
tolerably  healthy,  the  granulations  become  pale  and  healing  ceases.  In  very 
chronic  cases,  however,  healing  may  go  on  while  the  patient  is  still  suffering 
from  secondary  abscesses  in  different  parts  of  the  body.  The  skin  is  con- 
tinuously hot,  and  has  often  a  burning  pungent  feel.  'The  breath  has  that 
peculiar  sweetish,  saccharine,  or  fermentative  smell  that  is  commonly  noticed 
in  all  febrile  diseases  of  a  low  type  ;  this  odour  of  the  breath,  and  indeed  of 
the  body  generally,  often  occurs  early  in  the  disease,  and  must  then  be  taken 
•almost  as  a  diagnostic  and  certainly  as  a  most  unfavourable  sign.  The  sccre- 
tions  are  arrested  ;  the  pulse  is  quick  and  soft ;  the  face  is  usually  pale, 
with  a  \-ery  anxious  drawn  look,  but  sometimes  flushed,  and  the  eyes  bright  ; 
there  ai-e  hebetude  and  dulness  of  mind,  with  slight  nocturnal  delirium,  but 
perfect  consciousness  on  being  spoken  to.  Rapid  wasting  of  the  body  sets 
in  about  this  period  ;  patches  of  erratic  erythema  frequently  make  their 
appearance  on  the  surface  ;  and  the  skin  assumes  a  dull  sallow  and  earthy,  or 
a  bright  yellow  icteric  tint,  which  may  extend  to  the  con]unctiva3.  The 
s_\Tnptoms  now  indicate  an  extreme  depression  of  the  vital  powers  ;  the  pulse 
becoming  small  and  fluttering,  the  tongue,  which  has  been  dry,  becoming 
brown,  sordes  being  deposited  about  the  teeth,  and  low  delirium  supervening. 
Usually  from  the  sixth  to  the  tenth  day,  but  sometimes  earlier,  suppuration 
commences  in  different  tissues,  joints,  and  organs. 

The  Formation  of  numerous  centres  of  inflammation  and  suppura- 
tion, "  secondary  or  metatastic  abscesses  "  as  they  are  termed,  is  the  most 
marked  feature  of  pyajmia.  The  pus  in  these  abscesses  is  often  thin  and 
oily-looking  ;  sometimes,  however,  it  is  thick  and  laudable.  In  the  oily- 
looking  pus  the  cells  are  extremely  granular,  and  sometimes  so  far  degenerated 
tliat  no  nucleus  can  be  recognized  even  after  the  addition  of  acetic  acid  ;  the 
liquor  puris  contains  large  quantities  of  granular  debris.  In  some  cases  the 
jius  has  been  observed  to  form  a  firm  coagulum,  and  occasionally  it  is  foetid. 
■These  purulent  collections  vary  gi-eatly  in  size  and  in  situation.  They  are 
found  in  tlie  viscera,  in  the  intermuscular  and  subcutaneous  areolar  tissue,  in 
the  serous  cavities,  in  the  joints,  and  occasionally  in  the  muscles,  or  at  the  seat 
of  subcutaneous  injuries  received  at  the  same  time  as  the  wound  from  which 
the  infection  has  taken  place. 

Pyfemic  abscesses  differ  from  ordinary  purulent  collections,  not  only  in  the 
peculiar  character  of  the  ]ius  that  they  contain,  but  more  jiarticularly  in  the 
rapidity  with  which  they  form,  a  few  days  connnonly  suflicing  for  them  to 
attain  a  large  size.  This,  with  their  very  widely  spread  character,  and  the 
insidious  manner  in  which  they  occur,  often  with  few  if  any  local  signs, 
constitute  the  distinguishing  features  of  these  collections. 

The  visceral  abscesses  vary  in  size  from  a  pin's  head  to  a  walnut ;  in  many 
cases  the  organs  aflPectcd  are  studded  with  them.  These  collections  arc  most 
frequently  met  with  in  the  lungs,  being  seated  at  the  posterior  part  and  on 
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the  surface  of  these  organs,  or  iii  the  interlobular  fissures.  They  form  often 
without  cough  or  pain,  and  the  area  of  consolidation  is  rarely  sufficiently 
extensive  to^e  recognized  by  percussion.  They  are  usually  rapidly  folloAved 
by  pleurisy  with  effusion,  which  conceals  any  physical  signs  of  the  mischief  in 
the  lung-tissue.  The  organ  that  is  most  frequently  affected  next  to  the 
luug  is  the  liver.  Here  also  the  abscesses  are  usually  small  and  numerous. 
They  can  occasionally  be  recognized  by  irregularity  of  the  surface  of  the  liver 
in  the  su))erficial  part  in  the  epigastrium  and  by  tenderness  on  pressure. 
Jaundice  often  forms  a  marked  symptom.  In  some  cases,  especially  when  the 
disease  is  secondary  to  dysenteric  ulceration  of  the  intestine,  the  abscess  is 
single  and  of  considerable  size.  Secondary  abscesses  are  not  uncommon  in 
the  spleen,  where  they  can  only  occasionally  be  recognized  by  tenderness  and 
pain  in  the  splenic  region.  They  are  met  with,  with  some  frequency,  also 
in  the  kidney,  less  commonly  in  the  brain,  and,  in  rare  cases,  in  the  parotid 
gland,  the  prostate,  and  testes. 

Inflanunatious  of  tlie  serous  memln-anes  in  pycemia  are  usually  secondary  to 
abscesses  of  the  viscera,  but  they  are  occasionally  met  with  independently. 
There  is  usually  abundant  effusion,  which  rapidly  becomes  purulent.  The 
pleura  is  most  commonly  affected,  the  peritoneum  least  frequently.  The 
symptoms  of  these  serous  inflammations  as  a  rule  present  Jiothing  peculiar 
except  in  the  rapidity  with  which  effusion  takes  place. 

The  joints  are  frequently  affected,  especially  the  knees  and  shoulders.  They 
become  rapidly  filled  with  a  thin  yellowish  purulent  liquid.  This  is  usually 
indicated  by  intense  pain,  often  cutaneous  or  superficial,  with  fluctuation  and 
swelling  in  the  joint.  Often,  however,  large  accumulations  of  pus  form 
suddenly  in  joints,  without  having  been  preceded  by  pain  or  any  other  sign 
of  mischief ;  in  these  cases  the  interior  of  the  joint,  though  filled  with  pus, 
remains  tolerably  healthy,  there  being  no  erosion  of  cartilage  or  destruction 
of  ligament,  bub  merely  some  inflannnatory  injection  of  the  synovial 
membrane. 

When  the  ]nis  is  infiltrated  into  the  areolar  tissues  and  muscles  of  the 
limbs  and  trunk,  it  forms  diffuse  collections  of  a  thin  serous  matter,  com- 
monly mixed  Avith  shreds  of  the  areolar  membrane  of  the  part,  having  no 
boundary.    These  collections  are  met  with  in  the  axilla,  down  the  flank'  and 
about  the  back,  in  the  iliac  fossa,  thigh  or  calf,  and  may  either  be  confined  to  • 
the  subcutaneous,  or  extend  to  the  deep  intennuscular,  areolar  planes  in  these  • 
regions;  or  they  may  form  even  in  the  muscular  substance  itself,  being- 
diffused  between  the  fasciculi,  which  are  softened  and  disintegrated.  lilost 
commonly  the  presence  of  these  collections  is  indicated  by  patches  of  cutaneous  : 
redness,  and  by  a  doughy,  ocdematous,  and  boggy  state  of  the  superjacent 
i]iteguments.    .Sometimes  superficial  patches  of  redness  Avith  some  ccdema 
appear  in  different  parts  of  the  body,  afterwards  sul)siding  without  the 
formation  of  pus,  giving  rise  to  one  form  of  the  condition  known  as  "  erratic 
erysipelas." 

Amongst  tlie  rarer  complications  of  pyaBmia  is  acute  su])puration  of  the  eve-- 
ball,  or  metasfaiicpanoph/kdmiiis,  as  it  has  been  termed.  All  the  structures^  off 
the  globe  are  affected.  A'irchow  has  shown  fehat  it  is  due  to  the  lodgment  oft" 
mfective  emboli  in  the  A'cssels  of  the  eye.  Litton  and  Lcubo  have  observed ' 
retnial  haemorrhage  in  many  cases  of  puerperal  pya3mia.  In  some  cases  they, 
appeared  to  be  the  result  of  embolism,  but  in  others  this  seemed  doubtful. . 
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Pluo-s  of  micrococci  have  been  observed  in  the  retinal  vessels  after  deatli. 
These  conditions  are  met  with  only  in  very  <^-rave  cases,  and  usually  indicate 
the  approach  of  death.  The  ojihthalmoscope  may  therefore  sometimes 
furnish  valuable  evidence  both  of  the  nature  of  the  disease  and  its  probable 
termination. 

The  progress  of  the  disease  is  usually  from  bad  to  worse,  sometimes  rapidly, 
but  at  other  times  not  uninterruptedly  so,  there  being-  remissions  and  apparent, 
though  not  real,  improvement.  The  patient  rapidly  wastes,  the  body  becoming 
shrunken,  the  muscles  soft,  and  the  skin  gray  or  sallow,  loose  and  pendulous  ; 
great  debility  also  sets  in.  The  abdomen  becomes  tympanitic,  diarrhoea  or 
profuse  sweats  come  on  ;  pneumonia  or  pleuritic  eifusious  declare  themselves  ; 
delirium,  from  which  the  patient  is  easily  roused,  alternates  with  sopor  ;  and 
at  last  he  sinks  from  exhaustion.  Death  takes  place  usually  about  the  tenth 
or  twelfth  day  :  though  it  may  occur  as  early  as  the  fourth,  or  the  patient 
linger  on  for  six  or  seven  weeks. 

PosT-j\IoRTE:M  Appearances. — The  body  is  usually  emaciated  and  rigor 
mortis  is  feebly  marked.  The  skin  is  generally  yellovrish  in  tint,  sometimes 
intensely  jaundiced.  Purpuric  spots  are  occasionally  noticed  on  the  surface, 
especially  in  the  lower  extremities.    Decomposition  as  a  rule  sets  in  early. 

Appearances  at  the  Seat  of  Infection. — Any  external  wound  is  usually 
gray,  sloughy,  or  dry,  and  the  pares  round  it  may  be  ocdematous.  If  the 
wound  be  one  implicating  the  bones,  as  an  amputation,  or  an  excision  of  a 
joint,  it  very  frequently  presents  the  appearances  of  septic  or  gangrenous  osteo- 
myelitis. The  exposed  end  of  the  bone  is  bare,  and  the  periosteum  is  loosened, 
[f  the  shaft  of  a  long  bone  has  been  implicated  the  medullary  canal  contains 
gangrenous  fat  mixed  with  offensive  pus  ;  if  the  cancellous  tissue  has  been 
opened  up  the  spaces  are  filled  with  a  similar  material.  (See  Ostco-myelitise, 
Vol.  II.)  In  the  bones  of  the  skull  the  diploe  may  be  found  infiltrated  with 
pus. 

The  Veins  leading  from  the  wound  are  in  some  cases  perfectly  healthy  ; 
far  more  commonly,  however,  they  are  found  to  present  marked  evidences  of 
disease.  While  exposing  the  vein  by  dissectif)n  it  will  usually  be  noticed  thafc 
the  areolar  tissue  in  its  neighbourhood  is  infiltrated  with  inflammatory  products 
for  a  considerable  distance  from  the  wound,  and  occasionally  the  vessel  may 
be  surrounded  here  and  there  by  pus.  When  the  vein  is  exposed,  it  is  seen  to 
i)e  distended,  in  parts  dark  purple,  and  in  parts  j^ellowish,  as  if  filled  with  pus. 
On  opening  the  ^-ein  its  coats  are  found  to  be  swollen  and  thickened,  and  its 
lumen  filled  with  a  thrombus  in  various  stages  of  softening  and  disintegration. 
This  thrombus  may  extend  for  a  great  distance,  as  from  the  leg  to  the  groin, 
its  extremity  sometimes  projecting  into  the  main  trunk,  into  which  the 
affected  vein  enters.  The  fragments  of  the  softened  thrombus  may  thus  be 
carried  on  into  the  circulation  as  emboli,  lodging  in  the  lungs  and  giving 
vise  to  secondary  abscesses.  In  some  cases  the  source  of  the  secondary 
mischief  may  be  recognized  by  the  state  of  the  veins.  Thus  in  cases  of  osteo- 
myelitis, the  thrombosis  of  the  main  trunk  may  commence  at  the  point  at 
which  the  veins  from  the  bone  enter  it.  In  a  case  in  which  a  patient  died  of 
pya3miu  after  an  amputation  of  the  tliigh  in  University  College  Hospital,  the 
veins  leading  from  the  stump  were  perfectly  healthy,  Avhile  those  leading  from 
a  foul  bed-sore  were  full  of  disintegrated  clot. 

General  Post-Mortem  Appearances. — The  blood  may  be  dark  in 
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consistence.  Iiitarcts  unconnected  with  ilie  pyfcniic  state  are  frequently  met 
with  in  this  organ  ;  metastatic  abscesses  are  not,  however,  very  common. 

The  Kidneys  are  ahnost  invariably  swollen  and  soft  ;  the  eiiithclium 
cloudy,  excessively  graiuilar,  and  often  choking  the  tubules  in  irregular 
masses.  They  are  very  frequently  congested,  and  sometimes  the  seat  of  abscesses 
presenting  the  same  varieties  as  those  found  in  uther  parts. 

The  Intestines  rarely  suft'er,  but  abscesses  may  be  found  in  the  submucous 
or  subserous  areolar  tissue.  Local  peritonitis  not  unfrequently  follows  the 
formation  of  hepatic  abscesses,  and  may  become  very  severe.  Of  the  other 
organs  the  brain  is  most  commonly  affected. 

Diffuse  suppuration  is  occasionally  met  with  in  the  parotid  gland,  and  in 
rare  cases  abscesses  have  been  observed  in  the  prostate. 

One  or  more  Joints  are  frequently  fomid  to  be  swollen,  and  on  opening  them 
a  large  quantity  of  pale  yellow  or  thick,  flaky,  and  puriform  fluid  escapes. 
There  are  congestion  of  the  synovial  fringes,  and  softening  or  destruction  of 
the  cartilage. 

Microscopic  Appearances  of  Tissues  and  Organs  ix  Pyemia.— 
The  blood  in  almost  all  cases  contains  a  considerable  excess  of  white  cor- 
puscles, with  a  deficiency  of  red,  but  this  condition  is  by  no  means  peculiar  to 
or  characteristic  of  pyemia.  The  red  corpuscles  are  usually  unchanged  ;  but, 
occasionally,  they  have  been  observed  to  run  together  into  irregular  masses 
instead  of  forming  rouleaux. 

Microscopic  organisms  have  been  frequently  observed  in  the  blood,  and  these 
will  be  more  fully  referred  to  afterwards. 

The  yellowish  fluid  found  in  the  veins  as  the  result  of  softening  of  the 
thrombi  closely  resembles  pus  in  appearance,  but  on  microsco])ic  examination 
it  is  found  in  many  cases  to  be  composed  merely  of  granular  debris  containing 
no  true  pus  cells.  In  other  cases,  as  I  have  frequently  obser\-ed,  cells  having 
the  ordinary  appearance  of  pus-cells  are  more  or  less  abundantly  present. 

The  so-called  "  secondary  deposits  "  may  in  an  early  stage  in  like  manner 
be  found  not  to  contain  pus,  being  composed  merely  of  gangrenous  tissue.  In 
the  later  stages  pus  is  always  present. 

The  epithelium  of  the  liver  and  kidney  is  usually  granular  and  swollen. 

Microscopic  Organisms. — In  almost  all  cases  of  pyaemia,  micrococci  can 
without  difficulty  be  recognized  in  various  situations. 

At  Uic  scat  of  infection  they  are  frequently  found  in  large  quantities  in  the 
discharges,  and  in  the  slough  that  so  frequently  covers  the  surface  of  the 
wound.  They  are  always  present  in  the  fluid  resulting  from  the  softening  of 
the  thrombi  in  the  veins.  In  the  hloocl  they  are  recognized  with  greater  diffi- 
culty, and  the  evidence  as  to  their  presence  has  been  very  conflicting. 
Throughout  all  other  parts  of  the  body  they  have  been  observed  in  the  inirulcnt 
fluids  in  the  secondary  abscesses,  but  their  most  characteristic  appearance  is  as 
colonies  or  zooglreal  masses  blocking  the  smaller  arterioles  or  ccqiiUaries.  In 
this  form  they  arc  readily  recognized  in  sections  prepared  in  the  ordinary 
way,  and  stained  with  logwood  or  methyl  violet.  They  form  rounded  granular 
masses,  in  which  it  is  often  diflicult  to  recognize  the  individual  organisms 
except  at  the  edge  of  the  mass.  The  vessel  is  slightly  distended  at  the  part 
at  which  they  are  lodging,  and  there  is  occasionally  seen  a  coagulum  above 
and  below  the  obstruction.  Sometimes  the  wall  of  the  vessel  appears  to  have 
given  way,  and  the  organisms  are  found  outside  it.    In  most  specimens  no 
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change  is  observed  in  the  tissues  around  the  A'essel,  but  occasionally  inflani- 
anatory  exudation  has  taken  })lace,  and  the  group  of  micrococci  seems  to  form 
the  centre  of  a  commencing  abscess.  These  colonies  of  micrococci  arc  found 
in  the  lymphatic  glands  nearest  to  the  seat  of  infection,  iu  the  liver,  heart, 
thyroid  body,  and  especially  frequently  iu  the  tufts  of  vessels  in  the  Malpighian 
bodies  of  the  kidney.  The  accompanying  drawings  (Figs.  ooT,  058)  copied  from 
the  Transactions  of  the  Pathological  Society  of  Loudon,  .1879,  and  from  Koch's 


Kig.  307. — A  colony  of  micrococci  lying  lUiionf^t  the  iiiuscular  fibres  of  Uie  licurt. 

(From  Piitli.  See.  Trans.  lS7i».) 

■v^'ork  on  Infective  Processes  in  AYounds,  show  very  clearly  the  appearances 
presented  by  the  micrococci  in  pyicmia. 

General  Pathology. — On  contrasting  the  symptoms  and  the  post-mortem 
appearances  just  described  with  those  observed  in  the  diseases  experimentally 
produced  iu  animals  (see  p.  935),  it  will  be  seen  that  they  closely  resemble, 
if  they  are  not  identical,  with  them.  In  those 
cases  in  which  a  softening  thrombus  is  found  in 
a  vein,  and  the  secondary  abscesses  iu  the  lungs 
only,  the  conditions  are  identical  with  those 
obtained  by  injecting  putrid  matter  containing 
coarse  solid  particles  in  suspension  into  the 
veins  of  an  animal.  In  other  cases  the  dis- 
seminated abscesses,  with  capillary  thrombosis 
and  the  distribution  of  colonies  of  microscojnc 
organisms  throughout  the  system  closely  re- 
semble the  results  obtained  by  Koch  from  the 
injection  of  putrid  fluids  beneath  the  skin  of 

a  rabbit.  In  the  human  subject  the  con-  kij,..  ;i5,s._coiony  ofmicrococr  i,  fron.a 
ditions  under  which  the  disease  arises  also      iy'j;piiatic  giana.  (Path,  soc  Truus. 

closely  resemble  those  obtained  experimentally 
in  animals. 

The  thr<3mbosis  which  forms  so  frequent  a  precursor  of  pyasmia,  is  predis- 
posed to  by  all  those  conditions  which  favour  thrombosis  iu  general  (see 
Diseases  of  Veins),  but  it  is  usually  determined  in  one  of  two  Avays.  In 
many  cases  an  unhealthy  diffuse  inflammation  spreads  upwards  from  the 
wound  in  the  areolar  tissue  surrounding  the  vein.  This  periphlebitis 
leads  to  inflammation  of  the  coats  of  the  vessel  followed  by  coagulation 
of  the  contained  blood.  The  clot  becoming  impregnated  with  the  pro- 
ducts of  the  unhealthy  inflammation,  softens  and  becomes  disintegrated. 
In  other  cases,  the  thrombus  forms  in  the  Aeiii  either  in  consequence 
of  its  having  been  diA'ided  and  ligatured,  or  from  death  of  the  tissues 
from  which  it  derives  its  blood,  as  in  necrosis,  of  bone.    If  under  these 
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consistence.  Infarcts  nncoiinected  with  the  pya3niic  state  are  frequently  met 
with  in  this  oi'gan  ;  metastatic  abscesses  are  not,  however,  very  common. 

The  Kidneys  are  ahnost  invariably  swollen  and  soft  ;  the  ci)ithclium 
cloudy,  excessi^•ely  gramilar,  and  often  choking  the  tubules  in  irregular 
masses.  They  are  very  frequently  congested,  and  sometimes  tlie  seat  of  abscesses 
presenting  the  same  varieties  as  those  found  in  other  parts. 

The  Intestines  rarely  sufter,  but  abscesses  may  be  found  in  the  submucous 
or  subserous  areolar  tissue.  Local  peritonitis  not  unfrequently  follows  the 
formation  of  hepatic  abscesses,  and  may  become  very  severe.  Of  the  other 
organs  the  brain  is  most  commonly  affected. 

Diffuse  suppuration  is  occasionally  met  with  in  the  parotid  gland,  and  in 
rare  cases  abscesses  ha^•e  beeu  observed  in  the  prostate. 

One  or  more  Joints  are  frequently  found  to  be  swollen,  and  on  opening  them 
a  large  quantity  of  pale  yellow  or  thick,  flaky,  and  puriform  fluid  escapes. 
There  are  congestion  of  the  synovial  fringes,  and  softening  or  destruction  of 
the  cartilage. 

Microscopic  Appearances  of  Tissues  and  Organs  ix  PviEMiA. — 
The  blood  in  ahnost  all  cases  contains  a  considerable  excess  of  white  cor- 
puscles, with  a  deficiency  of  red,  but  this  condition  is  by  no  means  peculiar  to 
or  characteristic  of  pyasmia.  The  red  corpuscles  are  usually  unchanged  ;  but, 
occasionally,  they  have  been  observed  to  run  together  into  irregular  masses 
instead  of  forming  rouleaux. 

Microscopic  organisms  ha^•e  been  fi-equently  observed  in  the  blood,  and  these 
will  be  more  fully  referred  to  afterwards. 

The  yellowish  fluid  found  in  the  veins  as  the  result  of  softening  of  the 
thrombi  closely  resembles  pus  in  appearance,  but  on  microscopic  examination 
it  is  found  in  many  cases  to  be  composed  merely  of  granular  debris  containing 
no  true  pus  cells.  In  other  cases,  as  I  have  frequently  obser\  ed,  cells  having 
the  ordinary  appearance  of  pus-cells  are  more  or  less  abundantly  jiresent. 

The  so-called  "  secondary  deposits  "  may  in  an  early  stage  in  like  manner 
be  found  not  to  contain  pus,  being  composed  merely  of  gangrenous  tissue.  In 
the  later  stages  pus  is  always  present. 

The  epithelium  of  the  liver  and  kidney  is  usually  granular  and  swollen. 

Microscopic  Organisms. — In  almost  all  cases  of  pytemia,  micrococci  can 
without  difficulty  be  recognized  in  various  situations. 

At  tlie  scat  of  infection  they  are  frequently  found  in  large  quantities  in  the 
discharges,  and  in  the  slough  that  so  frequently  covers  the  surface  of  the 
wound.  They  are  always  present  in  the  fiuid  resulting  from  tlie  softening  of 
the  thrombi  in  the  veins.  In  the  J)lood  they  are  recognized  with  greater  diiS- 
culty,  and  the  evidence  as  to  their  presence  has  been  very  conflicting. 
Throughout  all  other  parts  of  the  body  they  have  been  observed  in  tlic  imrutcnt 
fluids  in  tlie  secondarij  ahscesses,  but  their  most  characteristic  appearance  is  as 
colonies  or  zoogteal  masses  blocking  the  smaller  arterioles  or  capillaries.  In 
this  form  they  are  readily  recognized  in  sections  prepared  in  the  ordinary 
way,  and  stained  with  logwood  or  methyl  violet.  They  form  rounded  granular 
masses,  in  which  it  is  often  difficult  to  recognize  the  individual  organisms 
except  at  the  edge  of  the  mass.  The  vessel  is  slightly  distended  at  the  part 
at  which  they  are  lodging,  and  there  is  occasionally  seen  a  coagulum  above 
and  below  the  obstruction.  Sometimes  the  wall  of  the  vessel  appears  to  have 
given  way,  and  the  organisms  are  found  outside  it.    In  most  specimens  no 
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chang-c  is  obsorvod  in  the  tissues  around  the  ^•csscl,  but  occasionally  inflam- 
matory exudation  has  taken  i)lace,  and  the  group  of  micrococci  seems  to  form 
the  centre  of  a  commencing  abscess.  These  colonies  of  micrococci  are  found 
in  the  lymphatic  glands  nearest  to  the  seat  of  infection,  in  the  li\-er,  heart, 
thyroid  body,  and  especially  frequently  in  the  tufts  of  vessels  in  the  Malpighian 
bodies  of  the  kidney.  The  acconiiianying  drawings  (Figs.  J),")!,  oSS)  copied  from 
the  Transactions  of  the  Pathological  Society  of  London,  1871),  and  from  Koch's 


Kig.  307. — A  colony  of  iniorococci  Iviiig  amongst  tlif  niuscuhir  fibres  of  the  liL;irt. 

(FronrPnt'li.  Soc.  Triius.  IST'.i.) 

work  on  Infective  Processes  in  Wounds,  show  very  clearly  the  appearances 
presented  by  the  micrococci  in  pyiemia. 

General  Pathology.— On  contrasting  the  symptoms  and  tlie  post-mortem 
appearances  just  described  with  those  observed  in  the  diseases  experimentally 
produced  in  animals  (see  p.  935),  it  will  be  seen  that  they  closely  resemble, 
if  they  are  not  identical,  with  them.  In  those 
cases  in  which  a  softening  thrombus  is  found  in 
a  vein,  and  the  secondary  abscesses  in  the  lungs 
only,  the  conditions  are  identical  with  those 
obtained  by  injecting  putrid  matter  containing 
coarse  solid  particles  in  suspension  into  the 
veins  of  an  animal.  In  other  cases  the  dis- 
seminated abscesses,  with  ca])illaiT  thrombosis 
and  the  distribution  of  colonies  of  microscopic 
organisms  throughout  the  system  closely  re- 
semble the  results  obtained  by  Koch  from  the 
injection  of  putrid  fluids  beneath  the  skin  of 

a  rabbit.  In  the  human  subject  the  con-  Fig.  :i5s.-coionyofn.icrocr„.  i,  from.a 
ditions  under  which  the  disease  arises  also      lynipiiatic  ginnd.  (i-uth.  soc.  ivuns. 

closely  resemble  those  obtained  experimentally 

in  animals. 

The  thrombosis  which  forms  so  frequent  a  precursor  of  pyasmia,  is  predis- 
posed to  by  all  those  conditions  which  favour  thrombosis  in  general  (see 
Diseases  of  Veins),  but  it  is  usually  determined  in  one  of  two  ways.  In 
many  cases  an  unhealthy  diffuse  inflammation  spreads  upwards  from  the 
wound  in  the  areolar  tissue  surrounding  the  vein.  This  periphlebitis 
leads  to  inflammation  of  the  coats  of  the  ^'esscl  followed  by  coagulation 
of  the  contained  blood.  The  clot  becoming  impregnated  with  the  pro- 
ducts of  the  unhealthy  inflammation,  softens  and  becomes  disintegrated. 
In  other  cases,  the  thrombus  forms  in  the  vein  either  in  consequence 
of  its  having  been  diA  ided  and  ligatured,  or  from  death  of  the  tissues 
from  which  it  derives  its  blood,  as  in  necrosis,  of  bone.    If  under  these 
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circumstances  the  distal  end  of  the  thrombus  becomes  exposed  to  septic 
matter,  as  iu  a  foul  wound,  the  clot  decomposes  and  disintegrates.  The  presence 
of  the  decomposiuii-  clot  causes  inflammation  of  the  vein,  and  an  extension  of 
the  thrombus  ;  the  new  clot  in  its  turn  decomposes,  and  thus  the  process 
extends  up  the  vein  almost  indefinitely.  In  Avhichever  way  the  spreading- 
thrombosis  takes  place,  it  may  continue  to  extend  till  it  reaches  a  point  at 
which  the  affected  vessel  joins  another  large  trunk,  when  the  softened  frag- 
ments may  be  washed  on  into  the  circulation,  and  cause  the  effects  already 
described  wherever  they  lodge. 

In  some  rare  cases  the  cavity  of  a  foul  abscess  may  open  directly  into  a  largo 
vein  by  ulceration  of  the  wall. 

In  those  cases  in  which  decomposing  discharges  are  pent  up  in  a  deep 


Fi".  309.  —Micrococci,  i)lug^'iiit;  a  small  livaiicliiiig  arteriole  iu  the  um.scular  lil)re  of  the  heart. 
°  Tlie  tissues  round  are  inliltrated  with  iutluiiiuiatory  exudation.  (Koeh.) 

wound,  the  conditions  are  essentially  analogous  to  those  which  exist  when 
putrid  fluids  arc  injected  beneath  the  skin,  as  in  Koch's  experiments. 

The  explanation  of  the  pathology  of  pyemia  may  therefore  be  fairly  sought 
in  the  experimental  investigations  which  have  already  been;described.  The  part 
played  by  the  microscopic  fungi  is  still  open  to  dispute,  but  the  opinion  is 
steadily  gaining  ground  that  they  take  some  essential  part  in  the  causation  of 
the  disease.  That  in  all  cases  a  true  infective  process  is  developed  in  which  a 
specific  poison  enters  the  blood  and  multiplies  in  it  is  not  proved.  In  some 
cases,  in  which  the  secondary  abscesses  are  limited  to  the  lungs,  it  is  possil)lc 
to  explain  all  the  phenomena  by  supposing  that  the  fragments  of  a  putrid 
clot  enter  the  blood-stream,  and  lodging  in  the  lung,  cause  a  number  of 
embolic  abscesses  which  may  prove  fatal  without  any  general  infection  of  the 
blood. 

Varieties  of  Py.icmia. — In  the  preceding  pages  a  description  has  been 
given  of  the  general  symptoms  and  post-mortem  appearances  of  pyajmia.  The 
disease,  however,  does  not  always  run  the  same  course,  and  a  few  definite 
varieties  may  be  mentioned. 
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Acute  Pyaemia. — In  this  form  the  rigors  are  avcU  marked,  the  fever  is  high, 
secoiuhuy  abscesses  form  early,  and  ahnost  invariably  affect  the  viscera  ;  death 
takes  place  usually  before  the  tenth  day.  Acute  pyaemia  is  found  after  death 
to  be  almost  constantly  associated  with  softening  thrombi  in  the  veins,  and. 
embolic  abscesses.  It  is  most  common  after  operation  or  injuries  involving 
the  bones,  as  amputation  or  compound  fractures,  and  is  frequently  preceded  by 
septic  osteomyelitis.  It  is  invariably  fatal.  The  part  taken  by  embolism  in 
the  production  of  the  secondary  abscesses  is  often  so  evident  in  this  form  that 
it  has  been  described  as  enihoUc  pymnia. 

Chronic  Pyaemia.— In  this  form  of  the  disease  the  fever  is  less  intense"; 
there  may  be  but  u  siugle  rigor,  but  occasionally  it  may  be  repeated  frequently 
throughout  the  case.  The  secondary  inflammations  affect  chiefly  the  subcu- 
taneous cellular  tissue  and  the  joints,  and  occasionally  the  pleura,  the  viscera 
not  being  affected.  Sometimes  the  secondary  abscesses  appear  at  points  ex- 
posed to  pressure,  as  the  shoulders,  or  elbows,  or  the .  back ;  in  other  cases 
suppuration  takes  jilace  in  subcutaneous  injuries,  as  bruises  or  simple  fractures. 
The  patient  may  linger  on  for  weeks,  and  finally  die  from  exhaustion  ;  or 
recovery  may  take  place,  leaving  him  in  shattered  health,  with  perhaps  one  or 
more  joiuts  firmly  ankylosed.  Chi'onic  j)ya3mia  is  most  frequently  met  with 
alter  injuries  of  the  soft  parts,  especially  the  genito-urinary  organs,  and  it 
Ibrms  a  not  uncommon  form  of  puer^jeral  fever.  It  has  been  known  to  follow 
gonorrhcea,  and  is  allied  to  some  forms  of  "gonorrhoeal  rheumatism."  Should 
the  patient  die,  as  a  ride  no  softening  thrombi  are  found  in  the  veins. 

Umbilical  Pyaemia  is  a  name  which  has  sometimes  been  given  to  a  form 
of  the  disease  occurring  in  infants  from  throndjosis  of  the  umbilical  vein,  with 
subsequent  softening  of  the  clot. 

Pyaemia  without  an  Open  Wound. — This  may  occur  as  the  result  of 
ulcerations  of  the  alimentary  canal,  as  in  typhoid  fever  or  dysentery,  or  as  a 
consequence  of  some  infective  inflannnation  of  a  deep  part.  A  general  febrile 
disease  with  rigors,  and  the  fonnation  of  metastatic  abscesses  has  been  observed 
also  as  a  complication  of  gonorrhoea.  Perhaps  the  most  common  exam^jle 
of  i)yi\,nnia  from  a  subcutaneous  inflammation  is  the  form  that  so  frequently 
follows  acute  necrosis  of  bones  in  children.  This  is  an  acute  infective  inflam- 
mation terminating  rapidly  in  the  formation  of  pus  beneath  the  periosteum. 
It  is  very  frequently  complicated  by  thrombosis  of  the  veins  leading  fi-om  the 
bone,  and  subsequent  softening  of  the  thrombi  and  embolism.  The  emboli  are 
hnpregnated  with  the  infective  products  of  the  local  inflammatiou,  and  wherever 
they  lodge  they  give  rise  to  abscesses.  It  is  not  known  with  certainty  what  is 
the  exact  nature  of  the  infective  material  either  in  pytemia  from  an  open 
wound,  or  in  acute  necrosis,  but  in  both  cases  it  is  disseminated  throughout 
the  system  by  the  blood-stream,  and  consequently  the  anatomical  distribution 
of  the  secondarv  centres  of  inflammation  will  be  the  same  even  if  the  virus  is 
diflerent. 

Idiopathic  Pyaemia  is  a  term  applied  to  those  rare  cases  in  which  the 
symptoms  during  life  and  the  post-mortem  appearances  are  those  of  pyaemia, 
and  yet  no  local  source  of  infection  can  be  found. 

Mixed  forms  of  Pyaemia  and  Septicaemia. — Although  these  diseases 
have  been  described  separately,  it  nnist  not  be  supposed  that  they  are  always 
met  with  in  actual  practice  distinct  from  each  other.  In  most  cases  of 
pysemia  the  patient  suflers  at  the  same  time  more  or  less  severely  from  septic 


956 


SEPTICEMIA   AND  rY.EMIA. 


poisoning  ;  the  early  blood-stuiniiig,  the  soft  and  swollen  spleun,  the  snb- 
scrons  pefcechiiu,  antl  the  other  characteristic  signs  of  that  condition  form 
prominent  featnres  at  the  post-mortem  examination.  In  other  cases,  "with  the 
exception  of  an  unhealthy  wound,  a  softening  thrombus  in  the  vein,  and  some 
softening  infarcts  in  the  lungs,  the  post-mortem  appearances  may  be  those  of 
a  healthy  body.  Between  these  extremes  every  variety  may  be  met  with.  It 
is  this  that  has  led  some  Surgeons  to  the  conclusion  that  sc])tica3mia  and 
pyajmia  are  mere  modifications  of  a  single  process. 

Prognosis. — The  prognosis  in  ])ya3mia  is  always  bad.  The  disease  is  dan- 
gerous to  life,  to  health,  and  to  limb.  When  active  acute  pyromia  has  fairly 
set  in,  reco\'ery  rarely,  if  ever,  takes  place,  the  patient  usually  dying  between 
the  fourth  and  the  twelfth  days.  One  or  two  rigors  may  occur,  and  yet  the 
patient  may  recover.  Each  repetition  of  the  attack  adds  to  the  grav  ity  of  the 
case.  In  fact,  the  danger  and  the  rapidity  of  the  fatal  termination  in  any 
given  case  will,  ccekris  paribus,  depend  on  the  frequency  of  the  rigors  and  their 
severity. 

When  the  jiyicmic  attack  is  from  the  fii'st  subacute  or  chronic,  it  may  be 
recovered  from,  usually  after  prolonged  illness,  the  formation  of  numerous  or 
large  abscesses,  and  great  and  continued  disturbance  of  the  general  health. 

In  these  less  active  and  acute  forms  of  pyajmia,  the  joints  are  liable  to 
special  implication,  more  particularly  the  knee  and  elbow.  Destructive 
sujDpuration  may  be  set  up  in  it,  and  loss  or  jiermanent  impairment  of  utility 
of  the  limb  will  be  the  inevitable  result. 

Diagnosis. — The  diagnosis  of  pyromia  requires  to  be  made  : —  .1 ,  from  ordi- 
nary Surgical  Fever,  the  Inflammatory  Yexer  which  accompanies  wounds  and 
Injuries,  and  Typhoid  Fever  ;  2,  from  Ague  ;  3,  from  Elieumatism  ;  4,  from 
8e])ticiemia. 

1.  The  Diagnosis  from  ordinary  Surgical  Inflammatory  Fever  and 
Typhoid  Fever  is  usually  sufficiently  easy,  the  course  of  these  fevers  being 
unbroken  by  severe  rigors,  by  sudden  fluctuations  of  temperature,  or  by  sweats. 
These  symptoms,  which  are  characteristic  of  pyaemia,  do  not  occur  in  these 
other  forms  of  febrile  disturbance.  An  ordinary  fever  may  be  ushered  in  by  a 
rigor  ;  but  this  is  seldom  so  intense  as  that  which  marks  pyemia,  and  certainly 
does  not  recur  during  the  attack.  The  temperature  also  in  ordinary  fevers  is 
more  uniform.  It  is  not  marked  by  those  sudden  exacerbations,  followed  by 
equally  rapid  declines,  that  are  so  characteristic  of  pyajniia. 

2.  From  Ague  the  diagnosis  would  not  be  easy  in  the  earlier  stages,  if  the 
patient  had  been  exposed  to  malarial  influences,  and  was  at  the  same  time 
suffering  from  surgical  fever  resulting  from  a  wound,  as  then  the  characteristic 
feature  of  intermittent  fever,  the  prolonged  period  of  normal  temperature 
between  the  rigors,  will  be  wanting.  Thus  in  a  person  injured  whilst  living 
in  a  malarial  country,  there  may  be  much  doubt  as  to  the  nature  of  the 
attack  ;  but  in  large  towns,  the  general  absence  of  ague  and  the  obvious 
surgical  cause  of  the  loyasmia  will  render  the  diagnosis  more  easy.  In  the 
later  stages,  the  signs  of  articular  inflammation  and  suppuration,  the  secondary 
visceral  and  areolar  abscesses,  will  all  tend  to  clear  up  the  diagnosis.  In  any 
doubtful  case  a  chart  should  be  made  of  the  temperature  when  the  regular 
periodicity  of  the  attacks  in  ague  will  be  very  apparent  if  that  disease  is 
present. 

8.  From  Rheumatism  it  is  easy  to  make  the  diagnosis  of  pyaimia,  provided 
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the  recurrent  rigor  luid  other  early  symptoms  have  been  well  and  strongly 
marked.  Bnb  if  these  have  been  somewhat  obscure,  and  if  the  secondary 
articular  implication  be  early  developed,  then  it  may  certainly  be  difficult  to 
determine  the  exact  disease  with  which  the  patient  is  atf'ectcd.  But,  inde- 
pendently of  the  recurrent  rigor,  the  great  prostration,  the  early  supervention 
of  atonic  symptoms,  the  development  of  the  visceral  abscesses,  of  areolar 
suppuration,  and  of  patches  of  erratic  erysipelas,  will  establish  the  true 
nature  of  the  disease.  Moreover,  the  temperature  of  rheumatic  fever  does 
not  show  the  extraordinary  variations  seen  in  pyiemia  and  the  sweating  in 
rheumatism  is  continuous,  and  not  merely  the  sequence  of  a  rigor.  In 
pyaemia  the  tongue  is  usually  dry,  and  perhaps  brown,  and  never  presents  the 
creamy  Avhite  fur  characteristic  of  rheumatism.  The  smell  of  the  patieut  is 
sweet  or  "  saccharine  "  in  pyasmia,  while  in  rheumatism  it  is  sour ;  in  either 
case,  quite  distinctive. 

4.  From  Septic  Poisoning  and  Septic  Infection  it  is  not  always  possible 
to  make  the  diagnosis.  In  fact,  as  l)el'ore  stated,  pyaemia  is  in  the  majority 
of  cases  more  or  less  complicated  by  septic  poisoning.  In  septic  infection 
the  acute  symi)tom8,  the  single  rigor,  the  marked  signs  of  blood  change,  such 
as  the  icteric  tint,  the  dyspnoea,  and  the  early  insensibility  and  the  absence  of 
secondary  inflammations,  may  serve  to  distinguish  the  nature  of  the  case ; 
but  in  many  cases  the  diagnosis  is  almost  impossible  during  life. 

Trkat^ient. — The  Prcrentirr  Trmfment  is  Local  and  General. 

The  Local  Preventive  Treatment  consists  in  preventing  the  accumula- 
tion of  decomposing  discharges  in  the  cavities  of  wounds  or  abscesses.  This 
is  effected,  first,  by  properly  draining  the  cavity  in  such  a  Avay  that  an 
accunmlation  of  decomposable  matter  is  impossible  ;  and  secondly,  by  employing 
antiseptic  agents  in  the  dressing  in  such  a  way  as  to  prevent  even  the  slightest 
trace  of  putrefactive  change  in  the  discharges.  It  is  evident  that  in  many 
operatious  about  the  throat,  rectum,  and  genito-nrinary  organs  these  principles 
cannot  be  fully  carried  out.  In  certain  specific  inflammations,  as  in  infective 
endocarditis,  or  acute  necrosis  of  bone,  the  inflammatory  products  j^ossess 
infective  properties  independently  of  any  contamination  from  the  external 
air  ;  and  if  they  enter  the  blood-stream  they  may  give  rise  to  embolism  of  distant 
parts  with  sol'tening  of  the  infarcts  and  suppuration  around  them.  Pyaimia 
cannot,  therefore,  be  entirely  banished  from  surgical  practice,  but  it  can  be 
limited  to  a  few  exceptional  cases.  The  experience  of  all  surgeons  who  have 
adopted  the  antiseptic  treatment  of  wounds,  has  shown  beyond  a  doubt  that 
in  all  such  cases  as  amputations,  excisions  of  joints,  recent  compound  frac- 
tures, removal  of  tumours,  and  the  like,  pyremia  is  preventable,  that  it  can  and 
should  be  entirely  excluded,  even  from  hospital  practice. 

The  General  Means  for  the  Prevention  of  Pyaemia  consist  in  a 
scrupulous  attention  to  those  hygienic  measures  which  have  been  described 
in  the  earlier  chapters  of  this  work  ;  and  above  all  to  a  careful  avoidance  of 
ovvr-cmwdiiaj.  Overcrowding  is,  however,  a  relative  term ;  if,  as  must  often 
happen  in  military  practice,  efficient  antiseptic  treatment  is  impossible,  pytemia 
is  certain  to  break  out  though  but  a  small  number  of  patients  are  accumu- 
lated in  a  limited  area  ;  on  the  other  hand,  if  decomposition  of  the  discharges 
can  be  prevented,  a  larger  number  may  be  treated  in  the  same  space  without 
danger.  No  wise  Surgeon  would,  however,  on  this  account  neglect  the  well- 
known  laws  as  to  cubic  space,  free  ventilation,  and  general  cleanliness,  relying 
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solely  on  antiseptics  to  prevent  contamination  of  the  air.  It  has  ah-eady  been 
]winted  out  in  the  early  chapters  of  this  work,  that  although  putrid  dis- 
charo-es  are  the  most  dangerous  and  most  jioworful  source  of  contamination  of 
the  atmosphere  of  a  surgical  Avnrd,  the  products  of  respiration,  and  tlic 
accumulation  of  excreta,  will  alone  so  vitiate  the  air  as  to  impair  the  healtli 
and  lower  the  vitality  of  those  that  breathe  it ;  and  thus  delay  the  liealiug  of 
wounds  and  favour  the  development  of  infective  diseases. 

A  Ciirative  Treatment  of  pyoemia  can  scarcely  be  said  to  exist.    It  doubt- 
less happens  that  jiatieuts  occasionally  recover  from  this  disease,  even  after 
the  formation  of  diffuse  abscesses  ;  but  such  a  result  must  be  looked  upon  as 
a  happy  exception  to  its  commonly  fatal  termination,  rather  than  as  the  result 
of  any  special  mode  of  treatment.    The  only  treatment  that  holds  out  any 
hope  of  success,  appears  to  me  to  be  the  stimulating  and  tonic  one,  consisting 
of  alcoholic  stimulants,  tonics,  and  liquid  nourishment ;  in  fact,  that  treatment 
which  is  usually  adopted  in  low  fevers  and  unhealthy  inflanmiations.    I  have 
certainly  seen  service  done  in  some  cases,  and  indeed  recovery  follow  the 
administration  of  large  doses  of  ([uinine  ;  five  grains  being  given  every  third 
or  fourth  hour,  with  the  best  effect.    Among  many  others,  I  may  mention 
a  very  serious  case  of  pyemia  following  amputation  of  the  arm,  and  accom- 
panied not  only  by  all  the  symptoms  of  that  disease  in  a  very  marked  degree 
but  by  pleuritic  effusion,  swelling  and  tenderness  over  one  hip,  and  secondary 
hasmorrhage  from  the  stump,  which  recovered  under  the  tonic  and  stimulating 
plan  of  treatment.    The  quinine  appears  to  check  the  rigors  and  to  reduce 
the  temperature.    In  some  cases  I  have  administered  the  chlorate  of  potash 
largely  (5  ij.  to  5  iv.  in  the  day),  in  addition  to  the  quinine  and  wine,  with 
apparent  benefit.    If  the  depression  be  veiy  great,  carbonate  of  ammonia  in 
five  oi"  even  ten  grain  doses  may  be  given ;  such  fluid  nourishment  as  the 
patient  will  take,  a  liberal  allowance  of  alcohol,  wine,  or  porter,  being  also 
administered.    In  addition  to  this  medicinal  treatment,  hygienic  measures 
must  be  put  in  force.    The  patient  should  throughout  be  placed  in  an  airy 
and  well-ventilated  apartment,  and  all  hygienic  rules  carefully  attended  to. 

As  abscesses  form,  they  must  be  fi'eely  opened.  This  should  be  done  with 
antiseptic  precautions,  as  the  pus  in  the  secondary  abscesses  is  not  in  a  state 
of  putrefaction,  and  the  patient's  condition  will  be  greatly  aggra^•ated  if  it  be 
allowed  to  decompose.  In  cases  arising  as  the  consequence  of  septic  osteo- 
myelitis following  amputations  or  compound  fractures,  removal  of  the  limb  at 
the  next  joint  above  the  affected  bone  has  been  reconnnended  and  successfully 
practised  by  Sir  J.  Fayrer,  even  after  one  or  more  well  marked  rigors. 

If  convalescence  take  place,  the  patient  will  slowly  recover.  The  rigors  and 
sweats  will  gradually  become  less  frequent  ;  the  appetite  will  improve  :  the 
countenance  will  lose  its  anxious  expression,  and  the  skin  its  unhealthy  hue. 
But  strength  returns  slowly.  The  disease  may  assume  a  I'elajising  cliaracter. 
Great  caution,  therefore,  is  necessary  before  a  patient  can  be  pronounced  safe. 
Even  after  recovery  he  will  contimie  pale  and  wasted ;  energy  is  lost ;  nutrition 
is  impaired  ;  and  at  a  more  remote  period  some  low  form  of  disease,  as  phthisis 
or  albuminuria,  may  ]irove  fatal.  These  evils  are  best  prevented  by  a  course 
of  sulphureous  mineral  water,  followed  by  a  long  sea- voyage. 
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TUMOURS.* 

The  frequency  with  which  Tumours  Ml  imdcr  the  observation  of  the  Surgeon, 
the  great  variety  in  their  characters,  and  their  important  relations,  local  as  well 
as  constitutional,  render  their  consideration  one  of  great  moment.  According 
to  Hunter,  a  tumour  is  "  a  circumscribed  substance  produced  by  disease,  and 
different  in  its  nature  and  consistence  from  the  surrounding  parts."  Tliis 
definition,  though  not  perhaps  accm-ately  correct  in  some  forms  of  tumour, 
Avhich  do  not  diflfer  in  their  nature  from  neighbouring  jjarts,  is  yet  clinically 
con^■enient.  By  a  tumour  may  also  be  meant  a  more  or  less  circumscribed 
mass,  growing  in  some  tissue  or  organ  of  the  body,  and  dependent  on  a  morbid 
excess  of,  or  deviation  from,  the  nutrition  of  the  part.  Cornil  and  Ranvier 
define  a  tumour  as  a  "  mass  composed  of  a  tissue  of  new  formation  (a  neoplasm) 
having  a  tendency  to  persist  or  to  increase."  Liicke  defines  it  as  an  "  increase 
in  size  from  the  growth  of  new  tissue,  by  which  no  physiological  end  is 
gained."  These  growths  may  therefore  be  considered  under  the  two  heads  of 
local  hypertrophies,  or  outgrowths  of  the  normal  structure  of  the  part ;  and 
of  new  formations,  presenting  structural  characters  Avhich  differ  more  or  less 
widely  from  those  of  the  parts  around.  The  tumour  thus  formed  increases  in 
size  by  an  inherent  force  of  its  own,  irrespectively  of  the  growth  of  the  rest  of 
the  system,  but  still  obeys  the  same  laws  of  growth  which  govern  the  body 
generally.  In  order  to  constitute  a  tumour,  it  is  necessary  that  the  normal 
form  of  the  part  be  widely  departed  from  ;  a  mere  increase  in  its  size,  so  long 
as  it  preserves  its  usual  shape,  being  scarcely  considered  in  this  light.  Thus 
if  the  tibia  be  uniformly  enlarged  to  double  its  natural  size,  the  enlargement 
is  a  hypertrophy  ;  but  if  a  comparatively  small  rounded  mass  of  bone  ]:)rojcct 
■directly  forwards  from  its  tuberosity,  it  is  said  to  be  a  tumour  and  not  a  mere 
hypertrophy. 

Classification  of  Tu.aiours. — A  classification  of  tumours  maybe  founded 
either  upon  their  anatomical  structure,  or  upon  their  vital  and  clinical 
characters  ;  and  although  these  two  systems  will  in  most  cases,  lead  to  a 
similar  grouping  of  individual  growths,  yet  our  knowledge  is  at  present  too 
imperfect  to  enable  us  to  point  out  in  every  case  the  connection  between 
-clinical  history  and  histological  structure.  Surgeons  have  long  divided 
tumours  into  two  great  classes — the  KTon-malignant  and  the  Malignant. 
This  division,  however,  though  practically  convenient,  is  not  scientifically 
•exact.    Although  some  tumours,  as  the  cancers,  are  always  and  essentially 

*  Tlie  iiiiist  oxhaustive  treatise  on  this  subject  is  Vivcliow's  great  work,  "  Die  Krankliaftcn  Gescliwulste  " 
<tlie  Patlu)lo<'y  of  Tumours),  wliilst  in  his  "  Ci^lhih-ir  Pathoh).iry  "  will  be  found  an  cxpositiou  of  liis  views  of 
the  ileveloiunent  of  new  foriiiations.  The  reader  will  find  in  I'a.-et's  classieal  "  Lectuivs  on  Hur'rii-al  Tiitlio- 
lo<'y"  the  best  aceount  in  the  En^'lish  laufiuage  of  the  clinical  charaeters  of  these  <;r"wths.  Ueninvalso 
consult  with  advantage  Rindfleiseh's  "  Hi.stolcgical  Pathohw' "  (translated  for  the  New  .Sy<lenhani  Soeietv 
bv  br  Baxter),  Billroth's  "  Surfiieal  Piitholo.uy  "  (American  K<lition),  and  the  "Manuel  d'nistolof;ie  ])atlio- 
]o"i(iue  "  by  Cornil  and  Ranvier,  vol.  i.,  -'nd  edit.  I  am  under  nun  h  obli;;ation  to  iny  friend,  Mr.  Godlee, 
for  liis  kindness  in  having  undertaken  the  illustration  of  this  chapter  with  a  .series  of  drawings  from  nature, 
which  are  alike  ailniirable  lor  their  lidelity  and  their  artistic  merit. 
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inali<>-iiant,  and  others  as  unifonnly  benign,  as  lipomata  and  some  cysts,  yet 
many  others  tliat  are  usually  innocent  may,  under  certain  conditions,  take  on 
a  truly  malio-nant  action  :  this  has  led  to  the  establishment  of  an  intermediate 
group  that  mav  be  termed  the  Semi-Malignant. 

The  Non-Malignant,  Innocent,  or  Benign  Tumours  are  strictly  local 
in  their  dc\  eloi)mciit,  and  arc  rarely  connected  with  any  constitutional  or 
hei-cditary  peculiarity.  They  resemble  more  or  less  completely  the  normal 
textures  of  the  part  in  which  they  grow,  and  hence  are  very  commonly,  though 
not  perhaps  with  strict  propriety,  termed  //omoJof/oi/s.  They  usually,  though 
not  invariably,  grow  slowly,  are  more  or  less  distinctly  circumscribed,  being 
often  enclosed  in  a  cyst  or  loose  capsule  of  connective  tissue,  and  have  no 
tendency  to  involve  neighbouring  structures  in  their  own  growth  ;  any  change 
that  they  induce  in  contiguous  parts  consists  simply  in  displacement  or 
atrophy  by  their  size  and  pressure.  They  are  usually  single,  but  not  unfi-e- 
quently  multiple,  developing  either  simultaneously  or  successively  ;  but  if  in 
the  latter  mode,  without  any  connection  with  preceding  growths.  If  re- 
moved by  operation,  they  do  not  return  :  luit  if  left  to  the  ordinary  processes 
of  nature,  they  slowly  attain  a  great  size,  remain  stationary,  and,  at  last, 
atrophy,  decay,  or  necrose. 

The  essentially  Malignant  Tumours  differ  widely  from  those  just  de- 
scribed. They  cannot  be  considered  as  simply  local  diseases  ;  if  local  in  the 
first  instance,  they  have  a  tendency  rapidly  to  affect  the  constitution,  and  to 
reproduce  themselves  in  distant  parts  of  the  body.  They  arc  usually  charac- 
terized by  extreme  vegetative  luxuriance,  but  by  a  somewhat  low  vitality, 
being  prone  to  early  decay  ;  the  peripheral  parts  being  usually  in  a  state  of 
active  growth,  while  the  central  are  undergoing  fatty  degeneration,  ulceration, 
or  gangrene.  They  represent  an  extreme  departure  from  the  ordinary  nutri- 
tion of  the  part ;  and,  when  once  formed  in  an  organ  or  tissue,  they  develop 
by  an  inherent  force  of  their  own,  irrespectively  of  neighbouring  parts,  pro- 
ducing masses  which  differ  in  structure  and  appearance  from  anything  ob- 
served in  the  normal  condition  of  the  tissues  in  which  they  grow  ;  and  hence 
they  are  called  Mcrolorjous.  This  term,  however,  cannot  be  considered 
strictly  accurate  ;  inasmuch  as  the  microscopic  elements  of  which  the  masses 
are  composed  have  their  several  analogues  in  the  normal  structures  of  the 
l)ody.  But  though  the  individual  constituents  of  the  tumour  may  be  normal, 
their  aggregation  and  mode  of  arrangement  are  totally  abnormal,  and  differ 
from  everything  met  with  in  a  healtliy  state  of  the  tissues.  The  mass, 
which  may  either  be  infiltrated  in  the  tissues,  or  localized,  increases  quickly 
in  size.  As  it  increases  in  size,  it  tends  to  implicate  the  neighbouring  struc- 
tures in  its  own  growth,  and  to  affect  distant  parts  through  the  medium  of 
the  lymphatics  or  the  blood.  If  removed  by  operation  it  has  a  great  tendency 
to  return  in  its  original  site  or  elsewhere,  though  it  does  not  necessarily  do  so. 
If  left  to  run  its  course,  a  malignant  tumour  will  inevitably  soften,  necrose, 
and  ulcerate,  often  with  much  pain,  profuse  hajmorrhage,  and  the  induction 
of  a  peculiar  state  of  cachexy,  which  speedily  terminates  in  death. 

The  following  may  be  looked  upon  as  the  principal  characierisfics  of  a 
malifjnant  f]roivth. 

^  I.  The  tumour,  whether  arising  spontaneously  or  as  the  result  of  external 
violence,  whether  occurring  in  an  individual  in  whom  there  has  existed  an 
hereditary  tendency  to  similar  or  to  allied  disease,  or  in  one  whose  pro- 
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gonitors  have  never  evinced  any  tendency  to  similar  affections,  is  invariably 
at  first  small,  and  is  nsually  defined,  with  a  distinct  ontline. 

2.  There  is  a  constant  tendency  to  extension  of  the  disease  by  local  infil- 
tration and  absorption  of  neighbouring  structm-es ;  not  only  by  their  mere 
absorption  by  the  pressure  of  an  increasing  growth,  but  by  their  actual 
incorporation  into  its  substance  followed  by  their  destruction,  and  the 
development  of  the  morbid  mass  in  their  place. 

3.  This  process  continues  uninterruptedly ;  in  many  cases  slowly,  as  in 
scirrhus  of  the  breast  ;  in  others,  in  special  forms  of  disease  and  in  certain 
situations,  as  in  encephaloid  of  the  testis,  very  rapidly. 

4.  The  rapidity  of  the  growth  of  the  tumour,  and  of  the  absorption  and  in- 
filtration of  the  neighbouring  structures,  is  usually  in  the  measure  of  and  in 
proportion  to  the  malignancy  of  the  affection. 

5.  There  is  no  limit  to  the  size  of  the  growth  ;  but  when  it  reaches  a  certain 
point  of  development,  its  central  parts  undergo  fatty  degeneration,  and  in 
some  cases  a  sort  of  cicatricial  contraction.  When  it  reaches  the  surface,  it 
speedily  sloughs  or  ulcerates  towards  its  centre,  giving  rise  to  profuse  discharge 
usually  offensive  in  character,  and  not  unfrequently  to  abundant  hasmovrhage. 
Even  during  this  stage,  its  circumference  continues  to  grow  and  to  invade  the 
surrounding  parts.  Thus  a  progressive  destruction  of  the  surrounding  tissues 
takes  place.  This  tendency  to  destroy  the  part  in  Avhich  the  original  growth 
is  developed  is  spoken  of  as  the  local  malignancy  of  the  tumour. 

0.  At  a  certain  period — early  in  some  cases,  and  not  until  many  months 
have  elapsed  in  others — secondary  growths  make  their  appearance  in  different 
parts  of  the  body.  These  are  due  to  the  cells  of  the  tumour  finding  their 
way  either  into  the  lymphatics  or  the  blood-vessels,  and  lodging  in  distant 
parts.  In  some  malignant  tumours,  as  in  the  true  cancers,  the  lymphatic 
glands  which  receive  the  lymph-stream  from  the  tumour  are  always  affected 
first ;  in  others,  as  in  most  sarcomas,  the  lymphatic  glands  escape,  the  earliest 
secondary  growths  appearing  in  the  lungs  or  liver.  In  the  true  cancers  the 
internal  organs  are  affected  after  the  glands.  The  secondary  growths  are  of 
essentially  the  same  structure  as  the  primary  tumour,  though  differing  occa- 
sionally in  minor  details.  They  serve  as  new  foci  for  the  dissemination  of  the 
disease,  and  usually  assume  a  more  active  character  than  the  primary  affection 
to  which  they  owe  their  origin.  This  general  affection  of  the  system  is  spoken 
of  as  the  {imoml  maliii nancy  of  the  tumour.  Some  forms  of  tumour  show  very 
great  local  and  but  slight  general  malignancy,  others  great  general  malignancy 
but  slight  local.  The  cancers  usually  show  intense  general  and  local 
malignancy. 

7.  After  the  development  of  the  secondary  growths  the  patient  exhibits 
evidences  of  serious  modifications  innutrition  and  sanguification.  The  body 
wastes,  the  skin  becomes  sallow,  the  digestive  powers  become  impaired,  and 
anfemia  supervenes. 

\).  They  cause  death  in  one  of  the  following  ways  :— from  the  exhausting 
effects  of  the  dischai-ges,  and  haamorrhages  from  the  local  and  primary 
disease  :  from  special  visceral  disturbances  induced  by  the  secondary  growths  ; 
or  from  malnutrition  and  consequent  cachexy. 

From  the  above  it  will  be  seen  that  although  the  cancers  form  by  far  the 
greater  proportion  of  malignant  tumours,  maliijnant  and  cnnccrons"  are  not 
sjnonnnous  terms.    Every  malignant  tumour  is  not  a  cancer,  though  every 
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cancer  is  a  malio'iiaut  growth.  Some  tumours  occasionally  jirescnt  the  cluneal 
characters  of  malig-nancy,  though  structurally  they  arc  intimately  related  to 
others  which  are  usually  looked  upon  as  essentially  non-malignant ;  and  we 
are  thus  obliged  to  consider,  that  these  terms  are  merely  relative,  and  that  these 
two  great  classes  pass  into  one  anotlier  by  insensilile  gradations.  It  Avill  be 
subsequently  seen  that  the  sarcomas  and  some  cartilaginous  tumours  stand  in 
this  intermediate  position  between  the  more  typical  examples  of  these  two  great 
groups.  Those  apparently  benign  tumours  which  have  a  tendency  to  recur  after 
removal,  and  thus  to  run  as  it  were  a  locally  malignant  course,  are  usually  very 
rapid  in  their  growth  and  development.  Indeed,  great  rapidity  of  growth  may 
usually  be  looked  upon  as  evidence  either  of  malignancy,  or  of  lial)ility  to 
speedy  recurrence  after  extirpation.  In  some  cases,  after  repeated  removals, 
the  tendency  to  recurrence  appears  to  wear  out,  and  the  patient  eventually 
overcomes  the  disease.  But  in  other  instances  this  fortunate  result  docs  not 
occur.  Where  tumours  of  any  kind  recur  after  removal,  it  will  often  be  found 
that  the  secondary  differs  in  some  respects  from  the  primary  growth. 
Thus  it  may  be  found  to  be  softer,  more  vascular,  and  more  diffused.  In 
microscopical  structure,  it  may  be  found  to  present  evidences  of  greater  activity 
of  growth,  and  to  depart  more  widely  from  the  normal  type. 

Paget  makes  the  important  ol)Scrvation  that  tumours,  apjiarently  similar  in 
structure,  may  run  very  different  courses  in  different  individuals,  in  some 
being  in  every  way  innocent,  and  in  others  malignant.  Thus  a  tumour,  com- 
posed purely  of  spindle-shaped  cells,  may  in  one  case  show  no  tendency  to 
recur  after  removal,  or  to  aflPect  distant  parts  ;  whilst  in  another  it  may  not 
only  infiltrate  surrounding  tissues,  but  give  rise  to  secondary  growths  in 
internal  organs.  Paget  makes  also  the  very  interesting  practical  remark, 
which  agrees  entirely  Avith  the  result  of  my  own  observation,  that  the  children 
of  cancerous  parents  may  be  the  subjects  of  tumours  not  carcinomatous  in 
structure,  but  closely  resembling  such  growths  in  the  rapidity  of  their  progress, 
their  liability  to  ulcerate  and  to  bleed,  aiul  their  great  disposition  to  return 
after  removal. 

The  term  Semi-malignant  may  be  employed  to  include  those  growths 
which  occupy  the  doubtful  position  indicated  aboA'c  :  it  must,  however,  be 
distinctly  understood  that  this  term  cannot  be  employed  in  any  very  definite 
sense. 

Innocent  and  malignant  tumours  are  occasionally  met  with  in  the  same 
person,  four  or  five  different  kinds  of  growth  even  occurring  in  one  individual. 
I  have  seen  in  one  patient  a  scirrhous  breast,  enchoudromatous  tumour  of  the 
leg,  and  an  atheromatous  cyst  on  the  back,  with  scrofulous  glands  in  the  neck. 
New  formations  of  different  types  may  be  found  even  in  the  same  mass  ; 
thus,  encephaloid  cancer  and  spindle-celled  sarcoma  have  been  found  together 
in  the  testis.  This,  however,  must  not  be  taken  as  any  evidence  of  the 
jjossibility  of  the  conversion  of  one  into  the  other,  but  rather  as  the  result  of 
a  departure  in  different  directions  from  the  normal  mode  of  growth.  There  is 
indeed  no  proof  that  a  non-malignant  can  be  converted  in  any  circumstances 
into  a  malignant  tumour  of  a  different  type  :  a  fibrous  tumour  may  take  on 
rapid  growth  and  assume  the  characters  of  a  malignant  sarcoma,  at  last 
destroying  the  patient,  but  there  is  no  evidence  that  it  can  ever  be  changed 
into  a  cancer.  A  malignant  tumour  may,  however,  appear  on  the  site  of  a 
non-malignant  growth  that  has  been  removed  :  thus  I  haA'e  seen  a  scirrhous 
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uodnle  grow  in  the  cicatrix  left  after  the  removal  of  a  cvstic  sarcoma  of  the 
breast. 

Besides  tliesc  various  forms  of  tumours,  others  are  met  with,  of  a  coustitu- 
tioual  and  specific  (,'haracter,  such  as  those  that  occur  iu  connection  with 
scrof  uUi  and  syphihs  ;  but  these  are  usually  looked  upon  in  this  country  rather 
as  modifications  of  chronic  inflammation  than  as  tumours. 

A  classification  founded  upon  an  anatomical  basis  not  ouly  eua))les 
the  ()bscr\  er  to  compreheud  the  precise  relation  which  any  particular  growth 
under  observation  bears  to  others  that  resemble  it ;  but  it  leads  him  to  trace 
the  origin  of  the  new  formation  from  the  pre-existing  structures  of  the  part  in 
which  it  occurs,  thus  forming  the  first  step  towards  a  knowledge  of  the 
etiology  of  the  disease.  Tumours  are  said  to  be  lictproloijous  or  homolofiom, 
according  as  they  ]iresent  a  greater  or  less  deviation  from  the  normal  condition 
of  the  tissues  from  which  they  spring.  These  terms  are  essentially  relative  ; 
and  it  is  only  to  instances  at  the  extreme  ends  of  the  scries  that  either  term 
can  be  definitely  applied.  At  the  same  time  it  nuist  be  borne  in  mind,  that 
Yirchow's  law  holds  good  even  for  the  most  heterologous  growths  ;  this  law 
states,  that  "  the  same  types  of  anatomical  structures  exist  in  new  formations 
as  are  found  in  the  body  generally,"  and  he  thereby  denies  the  possibility  of 
the  occurrence  of  a  true  heteroplasia,  and  the  existence  of  specific  elements  in 
new  formations,  diflPering  from  any  normal  cells  in  the  body.  The  more 
heterologous  the  growth,  that  is,  the  greater  the  departure  from  the  normal 
structure  of  the  part  in  which  it  occurs,  the  more  maligiumt,  as  a  rule,  will  be 
its  action  upon  the  system  generally  ;  whilst  the  reverse,  with  some  exceptions 
is  true  of  liomologous  formations. 

In  classifying  tumours  according  to  their  anatomical  structure,  they  are 
<livided  primarily  into  four  chief  groups.  First,  those  composed  of  one  of  the 
forms  of  connecti^■e  tissue  ;  secondly,  those  composed  of  tissue  resembling  one 
of  the  higher  tissues  of  the  body  ;  thirdly,  those  composed  of  embryonic  tissue, 
either  pure  or  developing  into  connective  tissue ;  and,  fourthly,  those  in  which 
epithelium  fonns  the  essential  part  of  the  growth.  Cystic  tumours  arc  classed 
by  themselves,  forming  a  fifth  group. 

General  Characters  of  Typical  Tissues. — Before  proceeding  to  consider 
the  indi\'i(lual  growths,  which  are  thus  grouped  together,  it  will  be  desirable 
to  describe  briefly  the  essential  features  presented  by  the  structures  upon 
which  the  tyjies  of  some  of  the  classes  are  founded. 

First  as  to  connective  tissue  : — This  exists  throughout  the  body,  ])reseut- 
ing,  however,  many  varieties  of  form  adapted  to  the  special  functions  of  each 
particular  part  in  which  it  appears.  It  consists  essentially  of  an  intercellular 
substance,  homogeneous,  hyaline  or  fibrillated,  in  which  are  embedded  cells 
having  an  oval,  caudate,  fusiform,  or  branched  form,  and  usually  presenting  a 
distinct  central  nucleus  and  nucleolus.  In  addition  to  these,  in  fibrous  or 
areolar  tissue,  wandering  cells,  with  amoeboid  movements,  are  normally 
present.  These  are  regarded  as  white  corpuscles,  Avhich  have  migrated  fi'oin 
the  vessels.  The  fixed  counecti\c-tissue-corpuscle  was  looked  upon  by 
Virchow  and  his  followers  as  the  starting  point  from  which  ai-e  derived  the 
various  cell-structures,  entering  into  the  formation  of  all  tumours.  Other 
pathologists  have  believed  that  connective  tissue  tumours  might  arise  by  the 
oTL-owth  and  development  of  leucocytes  which  have  migrated  into  the  afl'ected 
mrt     At  the  present  time,  wliate^'cr  part  may  be  ascribed  to  leucocytes  in 
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tlic  formation  of  new  tissue  as  a  consequence  of  inflammation,  they  are  not 
supposed  to  take  any  share  in  the  growth  of  tumours  of  the  connective  tissue 
ty]»c. 

The  following  are  the  chief  forms  of  connective  tissue  :  areolar  tissue, 
adipose  tissue,  white  fibrous  tissue,  yellow  elastic  tissue,  bone,  and  cartilage. 
Mucous  tissue  must  also  be  included  under  the  same  type.  It  is  met  with  in 
tlie  Wliartonian  jelly  of  the  umbilical  cord  and  in  the  adult  only  as  the 
vitreous  humour  of  the  eye. 

The  simplest  form  of  embryonic  tissue  is  composed  of  small  round  cells 
about  the  size  of  white  blood-corpnsclcs,  comiectcd  with  each  other  by  a  small 
quantity  of  homogeneous  intercellular  substance.  The  cell  consists  merely  of 
a  small  mass  of  protoplasm  with  a  nucleus  in  the  centre,  which  is  usually 
somewhat  difficult  to  distinguish.  The  vessels  in  such  tissue  are  abundant, 
and  extremely  thin-walled,  like  those  of  granulations.  The  modifications 
in  this  tissue  observable  in  tumours  are  seen  both  in  the  cells  and  in  the 
intercellular  substance.  The  cells  may  be  of  great  size,  almost  resembling- 
epithelial  cells  ;  they  may  be  spindle-shaped,  oval,  or  stellate.  The  inter- 
cellular substance  may  be  small  in  quantity  and  amorphous,  or  it  may  be 
increased  in  amount  without  apparent  change  in  its  nature.  The  most 
common  modification  is  a  development  of  fibrous  tissue  between  the  cells.  Ifc 
must  be  remembered,  however,  that,  in  tumours  classified  under  the  type  of 
embryonic  tissue,  with  very  rare  exceptions,  a  recognizable  intercellular  sub- 
stance, either  homogeneous  or  fibrous,  extends  between  the  individual  cells, 
and  this  serves  as  an  important  point  of  distinction  between  some  modifications 
of  embryonic  tissue  and  epithelium. 

Epithelium  is  composed  of  cells  united  together  by  a  homogeneous  material 
or  cement,  which  is  not  sufficient  in  quantity  to  be  recognizable  under  ordinary 
circumstances.  No  vessels  ever  penetrate  amongst  the  cells,  nor  do  the  fibres 
of  the  surrounding  or  subjacent  connective  tissue  extend  between  the  individual 
elements.  Consequently  if,  on  washing  a  microscopic  section  so  as  to  remove 
the  cells,  a  reticulate  fibrous  stroma  is  seen  forming  spaces  in  which  single 
cells  have  lain,  the  tissue  is  not  epithelial.  It  will  be  seen  hereafter  that  some 
forms  of  tumour,  composed  of  one  of  the  modifications  of  embryonic  tissue, 
may  so  closely  resemble  epithelial  growths  that  it  is  only  by  carefully  observing 
a  washed  specimen  that  the  distinction  can  be  made.  Epithelium-cells  x-axj 
much  in  shape  and  size,  and  their  outline  is  sharply  defined.  They  possess 
usually  one  nucleus,  sometimes  two,  with  one  or  more  highly  refracting  nucleoli. 
The  nucleus  is  frequently  eccentric.  The  form  of  epithelium  met  with; in  a 
primary  tumour  is  always  similar  to  that  ]U)rmal  to  the  part  in  "which  the 
tumour  is  growing  ;  thus  in  the  skin  it  is  squamous,  in  the  intestines  columnar, 
and  in  glands  it  is  spheroidal.  In  secondary  tumours,  the  type  of  epithelium 
corresponds  to  that  of  the  primary  growth.  Primary  tumours  containing 
e])ithelium  never  originate  except  in  connection  with  parts  in  which  epithelial 
cells  are  normally  present.  This  fact  has  led  to  another  classification,  accord- 
ing to  the  origin  of  the  part  in  which  the  tumour  grows,  from  one  or  other  of 
the  three  layers  into  which  the  blastoderm  divides  in  the  first  stages  of  deve- 
lopment. From  the  superficial  layer  or  cpiblast  are  developed  the  central 
nervous  system,  the  organs  of  sense  and  the  cuticular  covering  of  the  body, 
and  the  glands  of  the  skin  ;  from  the  lower  layer  or  hypoblast  arise  the  epi- 
thelial lining  of  the  air-passages,  and  of  the  alimentary  canal  with  the  epithelial 
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lining-  of  ducts  openino-  into  it,  and  the  special  epithelium  of  the  glands  them- 
selves. The  rest  of  the  body  arises  from  the  middle  layer  or  mcsoblast.  It 
is  supposed  that,  after  this  early  differentiation  of  the  embryonic  cells,  the 
tissues  AYhich  belong  to  one  layer  can  never  be  developed  from  the  cells  of 
another.  Thus  tumours,  such  as  cancers,  in  which  c]Mth(;lium  forms  the  active 
and  essential  element,  can  ne^-er  develop  primarily  in  those  parts  which  arise 
from  the  mesoblast.  Tumours  have,  therefore,  been  classified  as  epiblastic, 
mesoblastic,  and  hypoblastic,  but  the  distinction  is  of  little  practical  import- 
ance. 

The  following  classification  may  be  adopted  as  possessing  clinical  convenience, 
and,  at  the  same  time,  presenting,  as  far  as  possible,  an  anatomical  uniformity, 

I.  Cystic  Tumours  generally. 

II.  Tumours  composed  of  one  of  the  modifications  of  fully  developed  Con- 
nective Tissue. 

a.  Fat — Lipoma. 

1).  Fibrous  Tissue — Fibroma. 

c.  Cartilage — Chondroma,  Enchondroma. 

il.  Bone — Osteoma,  Exostosis. 

c.  Mucous  Tissue  of  Umbilical  Cord  or  Vitreous  Humour — Myxoma. 

III.  Tumours  which  resemble  in  structure  more  or  less  perfectly  one  of  the 
more  Complex  Tissues  of  the  body. 

a.  ]\Iuscle — Myoma. 

1).  Xerve — True  Neuroma. 

c.  Blood-vessels — Angioma,  NteM^is. 

d.  Lymphatic  Vessels — -Lymphangioma,  Lym])hatic  Xtevus. 
('.  Lymphatic  Glands — Lymphadenoma. 

/.  Papillae  of  Skin  or  Mucous  Membrane — Papilloma. 
//,  Secrethig  Glands — Adenoma. 

IV.  Tumours  composed  of  Tissue  which  is  either  ])urely  Embryonic,  or  is 
showing  some  signs  of  a  tendency  to  de\'elop  into  adult  tissue  of  the  Connec- 
tive type. 

Sarcomata. — These  are  subdivided  chiefly  according  to  the  shape  and 
size  of  the  cells  of  which  they  are  composed  ;  thus,  round-celled,  oval- 
celled,  spindle-celled,  giant-celled  sarcoma,  &c. 

V.  Tumom's  composed  of  Cells  of  an  E[)ithelial  Type,  arranged  in  spaces 
in  a  stroma  consisting  of  more  or  less  perfectly  developed  fibrous  tissue. 

Carcinomata  or  true  Cancers. — Scirrhus,  Encephaloid,  and  Epi- 
thelioma. 

Etiology  of  Toiours. — In  the  great  majority  of  cases  Ave  have  not  the 
remotest  idea  of  the  causes  which  ha\  e  led  to  the  growth  of  the  tumour. 
Hereditary  tendency  has  a  marked  influence  in  the  growth  of  many  forms, 
jnore  especially  of  malignant  growths.  The  cancers  are  certainly  inherited  in 
a  large  proportion  of  cases  :  in  simple  tumours  hereditary  tendency  is  less 
marked,  but  is  occasionally  to  be  traced.  Local  irritation  or  mechanical 
injury  is  undoubtedly  the  determining  cause  of  the  growth  of  the  tumour  in 
a  certain  proportion  of  cases.  The  effects  of  this  cause  also  are  most  marked 
in  malignant  growths.  The  proportion,  howcA-er,  in  which  such  a  cause  can 
be  traced  is  very  small,  varying,  according  to  different  authors,  from  14  to  7 
per  cent.  Cohnheim  has  suggested  the  hypothesis  that  some  tumours  may 
arise  from  the  minute  portions  of  embr}'onic  tissue  which  have  persisted  in  an 
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iiudevelopecl  state  amongst  the  mature  tissues  ;  but  there  is  little  definite 
evidence  to  support  the  theory. 

CYSTIC  TUMOURS. 

A  Cyst  is  defined  as  a  cavity  of  ne^v  formation,  or  resultijig  from  the  ab- 
normal distension  of  a  natural  s[)ace,  surrounded  by  a  more  or  less  distinct 
wall,  and  filled  with  fluid  or  semi-solid  matter.  The  wall  of  a  cyst  is  lined  by 
epithelium  or  endothelium,  or  has  no  definite  lining,  according  to  its  origin. 
The  accurate  classification  of  cysts  is  difficult,  because  conditions  which  are 
pathologically  similar  are  clinically  spoken  of  as  cysts  in  some  parts  of  the 
body  and  not  in  others.  The  method  usually  adopted  is  that  in  which  they 
are  divided  according  to  their  mode  of  origin,  as  follows  : — 

1.  Cysts  arising  from  the  distension  of  pre-existing  spaces. 

'2.  Cysts  of  new  formation. 

o.  Congenital  cysts. 

4.  Parasitic  cysts. 

1.  Cysts  arising  fro.ai  the  distension  of  piiE-EXisTiNa  spaces. — 
These  are  subdivided  into  :  («.)  Exudation-cysts  ;  and  (h.)  Retention-cysts. 

{a.)  Exudation-Cysts  arise  from  chronic  exudation  into  cavities  which 
are  not  provided  with  excretory  ducts,  as,  for  instance,  the  burs{\3,  which  often 
attain  a  considerable  size  in  these  circumstances.  Strictly  speaking,  chronic 
synovitis,  with  "  dropsy  of  the  joint,"  hydrocele  of  the  tunica  vaginalis,  and 
spina  bifida,  should  be  included  in  this  class,  but  clinically  these  affections  are 
never  spoken  of  as  cysts.  A  form  of  exudation-cyst  is  sometimes  met  with  in 
connection  with  serous  and  synovial  membranes,  which  arises  from  a  hernial 
projection  of  the  membrane  with  subsequent  constriction  and  obliteration  of 
the  neck  of  the  protrusion,  so  that  a  separate  cyst  is  formed.  Home  of  the 
cysts  met  with  in  the  popliteal  space,  and  of  those  formed  in  connexion  with 
the  sheaths  of  tendons,  or  ganglia,  are  supposed  to  be  formed  in  this  way. 
Similar  cysts  are  occasionally  met  with  in  one  of  the  situations  of  abdominal 
hernia,  which  are  evidently  formed  by  the  constriction  and  obliteration  of  the 
neck  of  the  sac  of  the  peritoneum,  with  subsequent  exudation  into  the  closed 

In  cysts  formed  in  connection  with  synovial  membranes  or  bursic,  opaque, 
white,  or  yellowish  bodies,  resembhng  melon-seeds  in  size  and  form,  are  not 
unfre(iuently  met  with.  Sometimes  these  are  attached  to  the  cyst-wall  by  a 
narrow  pedicle,  but  more  often  they  are  free.  They  are  supposed  to  arise  in 
three  ways  :  first,  as  an  outgrowth  from  the  cyst-wall ;  secondly,  by  changes 
taking  place  in  extravasated  blood ;  and  lastly,  from  a  fibrinous  exudation 
from  the  wall  of  the  cyst.  The  presence  of  blood-crj^stals,  which  has  been 
recognized  in  some  cases,  proves  that  they  occasionally  arise  in  the  second 
way.  The  symptoms  and  treatment  of  these  affections  are  described  with 
diseases  of  bursas  (see  Vol.  II.). 

One  form  of  cysiic  disease  of  the  ovary  may  be  placed  under  this  head,  as  it 
arises  from  dilatation  of  the  Graafian  follicles.  The  cysts  are  usually  nume- 
rous, but  do  not  individually  reach  any  very  great  "^size.  They  contain  a 
serous  fluid,  and  o\a  have  been  recognized  withhi  them,  thus  provincr  their 
origin.  ° 

(&.)— Retention  Cysts  arise  from  an  obstruction  to  the  escape  of  some 
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natural  secretion,  in  consequence  of  the  acini,  or  tubules,  of  the  gland 

become  exi)anded,  or  the  duct  becomes  dilated  to  such  an  extent  as  to  form  a 
distinct  cyst.  The  process  by  which  the  cyst  is  formed  is  not  one  of  simple 
dilatation  ;  it  is  accompanied  by  a  new  growth  of  fibroid  tissue,  resulting 
from  the  irritation  caused  by  the  tension  of  the  retained  secretion,  so  that  in 
almost  all  cases  the  wall  of  the  fully  developed  cyst  is  many  times  thicker  than 
the  structure  from  which  it  originated.  If  the  cyst  springs  from  a  duct,  the 
walls  of  which  contain  involuntary  muscular  fibre,  this  will  be  found  to  ha\-e 
disappeared,  the  new  tissue  being  purely  hl)rous.  The  cyst-wall  is  lined  with 
ei^ithelium  of  the  same  character  as  that  naturally  lining  the  cavity  from  which 
it  has  originated.  The  contents  may  still  resemble  the  natural  secretion,  but 
more  commonly  they  are  altered  by  degenei'ation  and  inspissation,  or  by  exuda- 
tion from  the  wall  of  the  cyst. 

Retention  cysts  may  be  di\  ided  into  three  groups  :  (a).  Atheromatous 
cysts  ;  (/3).  Mucous  cysts  ;  and  (y).  Cysts  from  the  dilation  of  large  ducts. 
The  two  ftrst  groups  are  also  spoken  of  as  "  follicular  cysts." 

(a).  Tile  Atheromatous  Cysts  are  those  arising  in  connection  with  the 
hair  or  sebaceous  follicles  ef  the  skin.  The  minor  forms  of  obstruction  to  the 
ducts  of  the  sebaceous  follicles  give  rise  to  the  condition  known  as  comedo  and 
molluscum,  which  are  not  generally  classed  with  cysts. 

Atheromatous  Cysts  are  usually  situated  upon  the  scalp,  face,  neck,  or 
back  ;  sometimes,  howe^'er,  they  occur  elsewhere — thus  I  have  removed  a  very 


Fif,'.  riOO.— Contents  of  Atheroniatous  Cyst  (4.',4  dinni.)- 
a.  Kjiithelial  culls  undergcjiiig  various  (U'gR'cs  (if  fatty 

degeneration. 
1).  The  same  with  ealeareous  degeneration, 
c.  Crystals  of  eholesterine. 
(1.  Oleaginous  and  fatty  jiartieles. 


Fig.  .30].— Wall  of  Atheromatous  Cyst(lSS  diani.). 
"  aa.  Ejiithelial   lining,    the  superlieial  cells 
swollen  and  fattv. 
d.  A  flake  of  fatty  cells  peeling  oft. 
lib.  Fibrous  cajisule. 
c.  Surrounding  connective  tissue. 


large  one  from  the  fore  part  of  a  girl's  arm,  and  others  from  the  labia  and  groin. 
The  size  of  these  tumours  varies  from  that  of  a  pin's  head  to  an  orange  ;  the 
smallest  occur  on  the  eyelids,  the  largest  on  the  shoulders  and  scalp.  They 
have  been  met  with  also  on  the  palmar  aspect  of  the  fingers,  a  situation  in 
which  hairs  and  sebaceous  follicles  are  usually  absent.  Their  origin  then  is 
uncertain,  as  it  is  doubtful  if  they  can  arise  from  sweat  glands.  Athero- 
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matous  cysts  arc  of  ten  very  numerous,  especially  about  the  head,  where  as  many 
as  thirty  or  forty  may  be  met  with  at  the  same  time.  Most  frecjuently  they 
form  in  women  about  the  middle  period  of  life  :  they  are  smooth,  round,  or 
oval,  movable  under  the  integument,  either  semi-fluctuating  or  clastic,  though 
sometimes  solid  to  the  touch.  In  some  parts  where  tiie  sebaceous  follicles  are 
large,  as  on  the  Ijack,  a  small  black  point  can  often  be  detected  on  the  surface 
of  the  tuinuur,  through  which  an  aperture  may  be  found  leading  into  its 
interior,  and  allowing  the  expulsion  of  its  contents.  A  sebaceous  tumour 
consists  of  a  cyst-wall  and  contents.  The  cyst-wall  is  composed  of  dense 
white  fibrous  tissue,  having  elongated  counective-tissue-corpuscles  scattered 
through  it.  It  is  connected  to  the  surrounding  parts  by  loose  areolar  tissue, 
containing  yellow  elastic  fibres  in  some  almndance.  The  thickness  of  the  wall 
varies  greatly.  "When  the  cyst  is  situated  on  the  hairy  scalp  it  will  always  be 
found  to  be  tough  and  thick,  while  in  all  other  situations  it  is  much  thinner. 
Immediately  in  contact  with  the  inner  surface  of  the  cyst-wall,  a  layer  of 
actively  growing  epithelial  cells  is  found  closely  resembling  the  deeper  layers  of 
the  epidermis  ;  further  from  the  wall  these  assume  a  distinctly  squamous  form; 
then  they  become  filled  with  fat  granules,  and  finally  break  down  into  a  fatty 
granular  mass  (Fig.  'PAW).  The  atheromatous  mass  forming  the  contents  of 
the  cyst  is  composed  of  this  fatty  debris.  If  examined  when  freshly  removed 
from  a  tumour,  it  will  be  found  to  be  soft,  creamy,  pultaceous,  or  sometimes 
cheesy-looking,  of  a  yellowish  white  colour.  Sometimes  in  old  cysts  it  becomes 
dry  and  laminated,  looking  not  unlike  Parmesan  cheese.  In  some  cysts  of  old 
standing  and  large  size,  the  contents  may  be  semi-fluid,  the  more  liquid  parts 
being  a  brown,  green,  or  blackish  tint.  These  various  contents  are  essen- 
tially composed  of  sebaceous  matter,  mixed  in  various  proportions  with  epithelial 
scales,  fat-granules,  and  cholcsterine  (Fig.  3G0).  Sometimes  the  cyst-wall  is 
found  to  send  fibrous  septa  towards  the  centre  of  the  cyst,  apparently  represent- 
ing the  remains  of  the  tissue  between  the  acini  of  the  follicle  ;  but  true  papillfe 
or  hair-folliclcs  are  never  found  in  cysts  due  to  obstruction  of  the  excretory 
ducts  of  a  sebaceous  follicle.  Occasionally  a  part  of  the  cyst-wall  may  undergo 
calcification,  and  calcareous  particles  may  be  found  among  its  contents  (Fig. 
360,  b.).  Malherbe  has  described  a  true  ossification  of  the  cyst-wall  with 
calcification  of  the  epithelium  cells.  This  is  rare,  and  the  tumom-s  have  been 
described  as  osteomata  of  the  skin  before  their  true  nature  was  understood. 
Some  forms  of  cysts  of  new  formation  closely  resemble  those  just  described  in 
their  contents  and  naked-eye  appearances,  but  diifer  from  them  in  the  struc- 
ture of  their  walls,  which  is  that  of  true  skin.  These  will  be  referred  to  again 
under  "  dermoid  cysts." 

Progress. — The  growth  of  these  tumours  is  often  ^•ery  slow  ;  but  not  un- 
frequently,  after  remaining  stationary  for  years,  they  increase  rather  rapidly. 
The  tumour  itself,  though  painless,  may  give  rise  to  uneasy  sensations,  by 
compressing  nerves  in  its  vicinity  ;  it  usually  continues  to  grow  slowly,  until 
the  patient,  being  annoyed  by  its  presence,  has  it  removed  by  operation.  If 
left  untouched,  it  occasionally,  though  rarely,  happens  that  the  sebaceous 
matter,  exuding  through  an  aperture  on  its  surface,  forms  a  kind  of  scab  or 
crust,  which  by  a  process  of  sub-deposition  becomes  conical  ;  and,  being 
gradually  pushed  up  from  below,  at  the  same  time  that  it  assumes  by  exposure 
a  dark  brown  colour,  forms  an  excrescence  that  looks  like  a  horn,  and  is 
usually  considered  to  be  of  that  character.    These    horns  "  have  been  met 
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with  nil  the  head,  on  the  buttock,  and  in  other  situations.  The  accompany- 
ing drawing  (Fig.  3(12)  is  taken  from  a  child  four  years  old,  brought  to  me  to 
have  its  horn  removed  ;  a  woman  also  once  applied  to  me  with  one  about 
an  inch  and  a  half  long,  growing  from  the  upper  lip. 

In  other  cases,  these  tumours  inflame  and  suppurate  ;  the  skin  covering 
them  becomes  adherent  and  reddened,  ulceration  takes  place,  and,  if  the  cyst 
be  small  and  dense,  it  may  be  thrown  otf  by  suppuration  in  the  surrounding 
tissues.    If  it  be  larger,  ulceration  of  the  integuments  co^'ering  it  takes  place, 


Fig.  .OO^.  —Horn  on  Xuse  of  a  cliild.  Fig.  303. — Ulcerated  Encysted  Tumour  of  Scalp. 


ofl^ensive,  and  break  away  in  unhealthy  suppuration.  In  other  cases,  peculiar 
changes  take  place  in  the  cyst-wall :  large  granulations  are  thrown  out  in  it,  and 
the  cyst-wall  appears  to  vascularize,  becoming  in-egular  and  nodulated,  rising 
up  in  tuberous  growths  with  everted  edges,  exuding  a  fetid,  foul  discharge, 
l)ecomiug  adherent  to  subjacent  parts,  and  assuming  a  malignant  appearance, 
forming  at  last  a  sore  as  large  as  a  saucer  (Fig.  oG8),  and  then  reseml)ling 
epithelioma. 

Cysts  that  have  undergone  this  change  show  gi'eat  local  malignancy,  rapidly 
infiltrating  and  destroying  the  surrounding  parts,  but  as  a  rule  the  lymphatic 
glands  are  not  implicated,  I  have  seen  a  case  in  whi(;h  the  skin  was  destroyed 
from  a  little  below  the  vertex,  to  the  root  of  the  neck,  and  from  ear  to  ear 
transversely.  The  sarface  was  covered  with  fungating  granulations,  but 
there  was  no  implication  of  the  glands.  Liicke  states  that  in  such  cases 
a  genuine  transformation  of  the  atheromatous  cyst  into  an  epithelioma  has 
taken  place,  the  epithelium  penetrating  the  cyst  wall  and  growing  in  the 
tissues  beyond.    It  most  commonly  occurs  after  middle  life. 

Diaqnosis. — The  only  diseases  with  which  these  tumours  can  be  confounded 
are  abscesses  and  fatty  growths.  From  an  abscess  an  encysted  sebaceous 
tumour  may  be  distinguished  by  its  history,  slow  growth,  situation,  elasticity, 
and  mobility,  and  the  existence  of  the  dilated  orifice  of  the  sebaceous  duct, 
through  which  some  of  the  contents  can  be  squeezed,  the  microscopical  exami- 
nation of  which  will  serve  to  confirm  the  diagnosis.  From  faft//  tumovrs  these 
growths  may  be  diagnosed  by  their  firmer  and  more  regular  feel :  and  in  case 
of  doubt,  by  the  evacuation  and  examination  of  their  contents.  Sometimes 
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the  cysts  may  be  lobulated  so  as  closely  U)  resemble  a  fatty  tumour  (Fij>-.  :;64), 
J>ut  cveu  in  these  cases  tliey  may  be  distinguished  by  the  8uro-eon  pressing  on 
the  edge  of  the  tumour  ;  if  cystic  it  will  remain  fixed,  and  the  finger  can  be 
pressed  through  it  ;  if  a  Hpoma  it  will  roll  away.  AVhen  this  cyst  has  become 
epitlaeliomatous,  its  origin  can  be  ascertained  only  from  the  history. 

The  Trealmcnt  of  a  tumour  of  this  kind  consists  simply  in  its  removal,  after 
which  it  is  never  reproduced,  unless  a  small  portion  of  the  cyst-wall  have  been 
left  beliind.  So  long  as  these  tumoui'S  are  small,  and  do  not  give  rise  to 
deformity  or  inconvenience,  they  may  be  left  without  surgical  interference. 
But  when  large,  and  more  particularly  when  they  have  become  inflamed,  they 
should  be  rcmo^'ed.  The  method  of  operation  will  vary  according  to  their 
situation  and  the  thickness  of  their  walls.    When  situated  on  the  scalp,  where 


Fig.  :3()4. — Large  AUu'ii'iiiati'Us  Cyst  from  tlic  linck,  siiimliitiiig  Fatty  Tuiiinm-.    (Half  tlio  natural  sizo.)  J 

the  cyst  is  dense  and  tough,  the  tumour  may  very  readily  be  removed  by  transfix- 
ing it  and  the  skin  covering  it  with  a  scalpel,  squeezing  out  the  atheroma,  and 
then  seizing  the  cyst-wall  with  forceps  and  pulling  it  out.  In  this  little  opera- 
tion there  are  two  points  that  require  attention  :  first,  the  base  of  the  cyst  should 
never  be  transfixed ;  and,  secondly,  no  attempt  at  dissection  should  be  made :  if 
either  of  these  precautions  be  neglected,  troublesome  haemorrhage  may  ensue. 
1^0  dressing  is  required  after  the  operation,  beyond  a  piece  of  dry  absorbent  or 
salicylic  cotton-wool  laid  on  the  wound,  which  will  generally  heal  by  the  first  in- 
tention. When  these  tumours  occur  upon  the  scalp,  a  large  numl)er  may  be 
removed  at  one  sitting  ;  as,  however,  there  is  always  some  danger  of  erysipelas 
following  operations  in  this  situation,  it  is  only  prudent  to  select  a  favourable 
season  of  the  year,  and  not  to  operate  if  the  health  be  out  of  order.  Erysipelas 
is  the  only  danger  to  lie  apprehended  :  it  is  especially  apt  to  occur  in  elderly 
people  of  a  stout  make  and  florid  complexion.  When  seated  about  the  face, 
back,  trunk,  or  limbs,  they  usually  require  to  be  dissected  out,  being  thin  and 
more  closely  incoi-poratcd  with  the  skin  :  and  often,  in  consequence  of  fonner 
inflammation,  adherent  to  the  subjacent  parts.  In  doing  this,  care  should 
be  taken  that  the  whole  of  the  cyst-wall  is  extirpated  ;  the  wound,  which 
should  be  dressed  lightly,  speedily  heals.  If,  however,  any  portion  of  the  Avail 
be  left,  it  should  be  freely  rubbed  with  nitrate  of  silver,  lest  a  troublesome 
fistula  remain.  When  the  tumours  are  situated  between  the  shoulders  or  on 
the  back,  and  the  patient  is  unwilling  to  submit  to  an  operation,  I  have  some- 
times easily  and  successfully  removed  them  by  opening  up  with  a  jirobe  the 
small  black  orifice,  which  will  always  be  found  leading  into  them,  squcezino- 
out  the  contents  of  the  cyst,  and  then  pushing  in  two  or  three  silk  threads'. 
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■which,  acting  like  a  sctoii,  have  excited  the  requisite  amount  of  inflammation 
to  bring-  about  a  closure  of  the  cyst. 

In  some  cases,  in  which,  from  the  constitutionnl  conditicm  of  the  paticut,  or 
from  prejudice  on  his  part,  the  use  of  the  knife  is  objectionable,  these  cysts  may 
be  removed  by  rubbing  the  skin  in  a  linear  manner  with  potassa  fusa  or  fuming 
nitric  acid.  When  the  slough  so  formed  separates,  the  cyst  comes  away  with 
it  or  may  ])e  squeezed  out. 

The  horns  and  nuilignant  ulcers  that  result  from  these  growths,  may  require 
excision.  If,  however,  the  ulceration  be  connected  with  the  cranium  by  its 
base,  or  be  very  extensive,  as  in  tlie  case  depicted  (Fig.  3(io),  it  Avill  be  safer 
to  treat  it  by  the  application  of  the  chloride  of  zinc,  or  by  occasionally  touching 
it  with  potassa  fusa. 

(/ii.)  Mucous  Cysts  arise  in  nuicous  membranes  in  the  same  way  as  athero- 
matous cysts  in  the  skin.  Their  walls  are  usually  thin,  and,  as  a  couse(}uence, 
they  seldom  reach  any  great  size.  Their  contents  usually  consist  of  a  turbid 
viscid  fluid  and  cholesterine  is  sometimes  present.  They  are  most  commonly 
met  with  in  the  mouth,  and  occasionally  in  the  tongue.  They  form  one 
variety  of  ranula  ;  and  the  so-called  drojjsy  of  the  antrum,  is  iu  most  cases 
a  mucous  cyst  developed  witliin  the  cavity.  They  are  also  met  with  in  the 
labia,  arising  from  the  glands  of  Bartholini,  and  Cowper's  glands  in  the  male 
are  said  occasionally  to  undergo  a  similar  change.  They  ai-e  best  treated  by 
excising  a  ])iece  of  the  wall  and  inserting  a  few  threads  of  silk  into  the  cavity. 

(y.)  Cysts  arising  from  the  dilatation  of  the  ducts  of  glands  arc  less 
connnon.  They  are  met  with  iu  the  manmia  from  obstruction  of  the  lacteal 
ducts,  in  the  mouth  as  ranula  from  obstruction  of  Wharton's  duct,  and  in  the 
testicle,  forming  the  so-called  encysted  hydrocele  or  spermatocele.  Cysts  of 
similar  origin  are  also  met  with  in  the  liver  and  kidney.  The  consideration  of 
the  symptoms  and  treatment  of  these  cysts  nmst  be  deferred  to  the  chapters  on 
the  diseases  of  the  organs  in  which  they  occur. 

II.  Cysts  of  Nkw  Formatiox. — Cysts  of  new  formation  may  be  divided 
into  {a)  Simple  or  serous  cysts  ;  {h)  Hajmatoma  or  blood  cyst  ;  {<■)  Cystic 
tumours,  compound  and  proliferous  cysts  ;  (il)  Cysts  in  tumours. 

{a.)  Simple  or  Serous  Cysts  may  occur  in  any  part  of  the  body.  'I'liey 
are  conq^x'Scd  of  a  thin  wall  lined  with  a  flat  endothelium,  like  that  of  a  serous 
or  synovial  membrane.  Their  contents  are  a  slightly  viscid  serous  fluid. 
They  arc  supposed  to  arise  from  effusion  of  fluid  iu  the  spaces  of  the  areolar 
tissue  ;  by  the  pressure  of  the  fluid  the  surrounding  flbres  are  pressed  together 
and  thus  form  the  membranous  wall  of  the  cyst,  which  subse(|uently  becomes 
thickened  by  new  growth  of  flbrous  tissue. 

False  or  Accidental  Bursce  arise  in  this  way  o\qx  any  bony  prominence 
which  is  exposed  to  pressure  and  friction,  in  fact  there  is  some  reason  to  believe 
that  all  bursas  are  thus  formed.  AV'hether  this  be  the  case  or  not,  false  bursai 
when  once  formed  are  liable  to  the  same  diseases  as  those  that  are  usually 
assumed  to  be  of  normal  development.  The  most  common  and  troublesome 
&lse  bursa  is  that  formed  over  the  projecting  head  of  the  flrst  metatarsal  bone 
which  forms  the  condition  known  as  a  "  hunionr 

It  is  probable  that  many  of  the  tumoui-s  classed  as  "ganglia  "  11  re  formed  in 
the  same  way,  especially  those  on  the  back  of  the  hand,  as  the  extensor  tendons 
in  that  region  do  not  possess  a  sheath  sufficiently  definite  to  allow  of  a  hernial 
protrusion  from  it. 
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The  serous  cysts  met  with  in  the  neck  do  not  belong  to  this  class.  They 
are  either  cono-enital  or  formed  by  dilatation  of  pre-existing  spaces  as  the  biirsjB 
about  the  hyoid  bone  or  larynx, 

(/>.)  Hsmatonia  or  Blood-Cyst.— Under  this  term  have  been  included 
four  entirely  different  conditions. 

(1.)  The"^/rwe  hlood-ci/st.    This  is  a  thin  walled  cyst  containing  pure  blood  ; 
if  its  contents  arc  withdrawn  by  puncture  it  rapidly  fills  again,  and  cases  have 
been  recorded  in  which  death  from  haamorrhage  has  followed  incisions  made 
into  them.    They  are  most  common  about  tlie  neck,  in  close  connexion  with 
the  sheaths  of  the  vessels,  or  the  parotid  region  ;  but  they  have  been  met  with 
elsewhere.    Their  origin  is  very  doubtful.    Some,  fi-om  their  multilocular  form 
and  direct  communication  Avith  the  veins  are  supposed  to  have  originated  in 
nrevi.    In  others,  the  cyst  is  single,  and  has  no  connexion  with  any  distinct 
vessel  ;  the  blood  seems  in  these  to  be  furnished  by  an  extremely  vascular  cyst- 
wall,  as  in  a  case  recorded  by  Gay.    The  origin  of  these  is  very  doubtful. 
These  sanguineous  cysts  may  sometimes  resemble  in  general  appearance 
encephaloid  disease.    A  case  of  this  kind  was  sent  to  me  by  Henry  Bennet — 
a  tumour  of  about  the  size  of  an  orange,  of  nodulated  appearance,  existing  in 
the  leg  of  a  woman  below  the  knee,  where  it  had  been  gradually  increasing  in 
size  for  about  a  couple  of  years.    So  close  was  the  resemblance  to  malignant 
disease  presented  by  the  tumour,  that  the  limb  had  been  condemned  for  ampu- 
tation by  some  Surgeons  who  had  previously  seen  the  case  ;  as,  however,  the 
growth,  on  examination,  proved  to  be  a  sanguineous  cyst,  as  its  walls  were  thin 
and  adherent,  and  as  it  extended  too  deeply  into  the  ham  to  admit  of  ready 
removal,  I  reduced  it  by  successive  tappings,  and  then,  laying  it  open,  allowed 
it  to  granulate  from  the  bottom.    When  practicable,  however,  the  cyst  should 
always  be  dissected  out. 

(2.)  Many  cases  have  been  described  as  sanguiferous  or  blood-cysts,  which 
are  in  reality  serovs  cysts  into  wMcli  an  accMcnUd  hmnorrhage  has  taken  2^^cice. 
In  these,  unless  the  hfemorrhage  be  very  recent,  the  blood  has  undergone 
changes  in  colour  from  disintegration  of  the  corpuscles.  In  some  cases  it  is 
treacly  from  absoi'ption  of  a  part  of  the  serum. 

(3.)  The  term  htematoma  is  more  commonly  applied  to  cysts  U'liich  liave 
their  ori/jin  in  an  extravasation  of  blood.    The  changes  that  occur  in  extrava- 
sated  blood  have  been  already  described  (p.  296).    In  some  cases,  as  is  there 
pointed  out,  absorption  fails  to  take  place.  The  extravasated  blood  distends  the 
spaces  of  the  areolar  tissue,  or  fills  a  cavity  formed  by  subcutaneous  laceration. 
A  deposit  of  fibrin  first  takes  place,  and  subsequently,  in  consequence  of  the 
irritation  caused  by  the  tension  of  the  fluid,  an  ill-defined  capsule  of  fibrous  tissue  • 
is  formed  round  the  extravasation.    The  contained  blood  becomes  altered  in 
colour  from  disintegration  of  the  corpuscles,  and  finally  the  contents  assume 
the  appearance  of  more  or  less  darkly-tinged  serous  fluid.    The  hasmatoma  of 
the  ear  so  frequently  met  with  as  the  result  of  violence  during  the  game  off 
football,  when  played  according  to  the  Rugby  rules,  is  a  cyst  of  this  kind.  . 
Similar  cysts  are  not  uncommonly  met  with  in  the  ear  of  lunatics,  and  in  these  ; 
cases  the  cause  is  not  so  evident.    I  have  seen  a  large  hfcmatoma  on  each  ear  r 
of  a  lunatic.    The  contents  consisted  of  semi-solid  coagulum. 

Similar  cysts  are  occasionally  found  in  the  arachnoid  as  a  result  of  hjemor-  - 
rhage  into  that  cavity.  The  coagulated  blood  in  the  course  of  time  becomes  > 
completely  discoloured,  and  forms  a  thin  membrane-like  laver  of  tissue  which 
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encloses  a  cavity  contaiTiiii<>-  a  small  (quantity  of  serous  fluid.    There  are  ex- 
celleut  specimens  of  this  condition  in  University  College  Museum. 

(4.)  In  many  cases  which  have  been  lately  recorded,  it  has  been  found  that 
tumours  which  were  described  clinically  as  blood-cysts  were  in  reality  soft 
sarcomata,  the  structure  of  which  had  been  broken  down  by  haemorrhage. 
(See  Sarcomatous  Blood-cysts.) 

(c.)  Cystic  Tumours. — These  are  tumours  in  which  the  development  of 
cysts  is  an  essential  of  their  growth,  and  not  merely  an  accidental  complica- 
tion. To  this  class  belong  the  compound  or  mult  Hoc  ular  ci/sfs  met  with  in  the 
ovary,  the  mamma,  and  the  testicle.  In  many  cystic  tumours  solid  growths 
project  from  the  waUs  into  the  cavities,  and  from  this  they  have  received  the 
name  of  j^rolifcrous  cysts ;  the  growths  are  spoken  of  as  intracijslic  growths. 
Multilocular  cysts,  as  met  with  in  the  ovary,  form  the  l)est  exami)le  of  this 
form  of  tumour.  These  cysts  are  composed  of  a  fibrous  wall  and  an  inner 
lining  of  columnar  epithelium.  Immediately  beneath  the  epithelium  is  a  layer 
of  embryonic  tissue,  from  which  spring  the  intracystic  growths.  These  assume 
the  form  of  branched  pupillie  projecting  into  the  cavity  of  the  cyst ;  they  are 
covered  by  columnar  epithelium.  Wilson  Fox  has  shown  that  secondary  cysts 
may  be  formed  by  the  adhesion  of  adjoining  masses  of  this  papillary  growth, 
thus  forming  small  closed  spaces  or  daughter-cysts,  which  become  gradually 
distended  l)y  secretion.  In  some  cases  the  reverse  process  takes  place,  and 
instead  of  the  number  of  cysts  increasing  by  the  formation  of  daughter  cysts, 
they  become  diminished  by  coalescence.  Unilocular  ovarian  cysts  are  sup- 
loosed  to  be  often  formed  in  this  way.  The  contents  of  these  cysts  vary  from 
a  licjuid,  as  thin  as  ordinary  blood-serum,  to  a  viscid  fluid.  It  is  sometimes 
coloured  from  the  admixture  of  altered  blood.  Chemically  it  is  found  to  con- 
tain met-albumin  and  par-albumin,  and  sometimes  mucin,  from  which  it  is 
assumed  that  the  fluid  is  a  true  secretion,  in  the  formation  of  which  the 
epithelial  lining  is  concerned. 

In  the  proliferous  cysts  of  the  mamma  the  intracystic  growths  assume  a 
lobulated  or  cauliflower-like  form,  and  in  structure  are  found  rudely  to 
resenible  the  normal  structure  of  the  mamma.  These  growths  may,  according 
to  Paget,  cause  by  their  increase  in  size  the  gradual  absorption  of  the  more 
fluid  contents,  until,  at  last,  their  development  is  arrested  by  the  cyst- wall. 
Tlie  tumour  would  then  merely  resenible  an  ordinary  adenoma  of  the  mamma 
surrounded  by  a  distinct  capsule. 

The  cystic  tumours  of  the  ovary,  mamma,  and  testes,  will  be  more  fully 
described  with  the  diseases  of  those  organs. 

{d.)  Cysts  in  Tumours  form,  not  as  an  essential  part  of  the  growth,  but 
as  an  accidental  complication.  They  may  arise  from  softening  of  portions  of 
the  growth,  or  from  hemorrhage  into  its  structure.  As  a  rule  they  arc  not 
surrounded  by  a  distinct  wall,  l)ut  in  some  simple  tumours  they  seem  to 
increase  by  transudation  of  seruin  into  the  ca^•ity,  and  thus  the  surromuling 
structure  may  be  compressed  so  as  to  resemlde  a  limiting  membrane.  Carti- 
laginous tmuours  occasionally  become  cystic  fi-om  mucous  softening  of  the 
matrix. 

Cysts  in  tumours  will  be  more  fully  described  with  the  growths  in  which 
they  occur. 

III.  Congenital  Cysts  may  be  divided  into  four  classes,  {a.)  Those  re- 
sultiu"-  from  inclusion  of  a  portion  of  the  cpiblast  within  the  mesoblast  during 
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development :  (h.)  Those  avisino-  from  imperfectly  obliterated  temporary  f oe  al 
structures:  {c.)  Cysts  formed  by  the  inclusion  of  a  bhghted  ovum  withm  the 
developing  l)odv  of  the  foetus  :  {(1.)  Cysts  of  doubtful  origin. 

{a  )  Cysts  arising  from  inclusion  of  a  portion  of  the  Epiljlast. 
Dermoid  cysts.— It  will  be  remembered  that  in  the  very  earliest  stages  ot 
development  the  germinal  membrane  or  blastoderm  divides  into  three  layers  ; 
from  the  most  su]ierhcial  of  these,  or  epiblast,  is  developed  the  cuticular  cover- 
ing of  the  l)ody,  with  the  hairs  and  glands  of  the  skin  and  the  central  nervous 
system;  from  the  deepest  layer,  oi-  hypoblast,  arise  the  epithelial  lining  of  the  an  - 
passages  and  of  the  alimentary  canal  and  the  ei)ithelium  of  the  glniuls  connected 
with  Tt,  while  the  rest  of  the  body  is  developed  fi-om  the  middle  layer  or  meso- 


Fig.  3i>'i. — Head  ami  neck  of  an  iulult,  witli  (liagraiuinatic  lines,  ivjivesenfing  tlic  situation 
"  and  direction  of  the  brancliial  clefts.    1,  2,  3,  4,  lirst,  second,  third,  and  fonrth  (defts  ; 
5,  inter-inaxillary  cleft;  0,  Fronto-orbital  lissuro  ;  7,  naso-niaxillary  lissiire. 


blast.  The  blastoderm  is  at  first  flat,  but  in  the  process  of  development  it  becomes 
folded  on  itself,  and  thus  encloses  the  abdominal  cavity ;  the  mouth  and  neck  are 
developed  from  lateral  processes,  the  In'anchial  arches,  which  curve  downwards 
till  they  meet  in  the  middle  line,  and  between  these  branchial  arches  are 
fissures,  the  branchial  clefts.  The  lateral  parts  of  the  face  are  developed  in 
the  same  way,  while  the  nose  and  middle  parts  above  the  mouth  arise  from  a 
descending  process  proceeding  from  the  frontal  region.  By  the  coalescence  of 
all  these  the  face  and  throat  are  formed.  It  is  easily  to  be  understood  how  in 
this  process  a  portion  of  the  epiblast  may  become  included  and  remain  imbedded 
in  the  tissues  belonging  to  the  deeper  layer.  Should  this  happen,  a  closed  cvsfc 
will  be  found  lined  internally  with  the  structures  proper  to  the  skin,  and  vet 
entirely  unconnected  with  it.  These  have  received  the  name  of  dermoid  cysis. 
They  are  met  with  most  commonly  in  the  subcutaneous  tissue  in  situations  in 
which  their  position  can  be  explained  by  the  process  of  inclusion  above  de- 
scribed.   The  accompanying  diagram,  from  a  paper  by  Cusset,  well  illustrates 
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the  lines  in  tlie  face  which  cori-ospond  to  the  branchial  clefts,  and  to  the  meet- 
in,u-  of  the  various  processes  from  which  the  face  is  developed  in  the  foetus.  It 
IS  in  these  lines  that  dermoid  cysts  arc  most  commonly  met  with.  They  are 
most  often  found  at  the  upper  and  outer  ano'le  of  the  orbit.  Here  there  is 
ofien  an  indentation  in  the  bone  correspoudino-  to  the  cyst,  and  in  some  cases 
the  bone_  may  be  wantin-',  the  tmnour  being  in  direct  contact  with  the  mem- 
branes of  the  brain,  a  fact  which  it  is  important  to  remember  in  attemptinrr 
their  removal.  They  haAe  also  been  met  with  at  the  lateral  aspect  of  the  root 
of  the  nose  ;  under  the  tongue  in  the  floor  of  the  mouth  ;  on  both  sides  of  the 
hyoid  bone,  and  in  the  line  of  the  anterior  border  of  the  sterno-niastoid.  In 
other  parts  of  the  subcutaneous  tissue  they  are  very  i-are.  They  have  occa- 
sionally been  met  with  on  the  mening-es  of  the  brain.' 

Dermoid  cysts  are  also  met  with  in  situations  in  which  their  origin  is  not 
so   easily   ex])lained.  Thus 
they  occur  with  some  degree  d 
■of  frequency  in  the  ovary  or 
its  immediate  neighbourhood 
■and  more  rarely  in  the  testicle. 

The  walls  of  the  superficial 
dermoid  cysts  present  all  the 
■structures  of  true  skin ;  cuticle, 
•cutis  vera,  papilla,  sweat- 
?>-lands,  sebaceous  follicles,hair- 
follicles,  and  hair.  (Fig.  oGO). 
Their  contents  are  nsually 
rather  thinner  than  those  of 
the  ordinary  atheromatous  cyst, 
though  closely  resembling  them 
in  appearance.  Often  a  small 
kill  of  coiled-up  hair  is  found 
inside  the  cavity.  The  con- 
tents are  the  accumulated  se- 
cretions of  the  glands  in  the  cyst-wall  mixed  with  desquamated  epithelium. 

The  ovarian  demioid  cysts  may  closely  resemble  those  of  the  subcutaneous 
tissue,  but  may  attain  to  a  much  greater  size.  In  some  cases  they  have  been 
found  to  contain  teeth,  and  have  then  received  the  name  of  deniigcrous 
ei/sfs.  In  some  cases  the  teeth  are  set  in  a  piece  of  bone  resembling  the 
alveolar  bone  of  a  jaw, 

(I).)  Congenital  Cysts  arising  in  Imperfectly  Obliterated  Foetal 
Structures. — To  this  class  may  be  referred  the  cysts  of  the  spermatic  cord 
which  arise  from  the  distension  of  a  portion  of  the  processus  vaginalis  testis 
which  has  remained  unobliterated,  altliough  cut  off"  from  the  cavity  of  the 
peritoneum  above  and  the  tunica  vaginalis  below. 

Some  tumours  of  the  testicle  and  some  growths  arising  in  the  neighbour- 
hood of  the  kidney  which  contained  large  cysts  lined  with  columnar  epithelium 
are  supposed  to  arise  from  the  unobliterated  remains  of  the  AYolffian  body  :  and 
the  parovarian  cysts  arising  in  the  broad  ligament  of  the  uterus  have  the 
same  origin. 

(c.)  Cysts  formed  by  the  Inclusion  of  a  Blighted  Ovum  in  the 
developing  Body  of  a  Foetus.— Tumours  containing  various  structures 


"ig.  Sfiii.— Willi  (>(■  Dermoid  cyst  (40  iliaiii.). 
;i.  10|iideniii.s. 
1>.  lliur-folliclc. 
I".  Si'l)iic('c.ni.s  ^liinil. 

il.  ^■)lln•(JU^(lillJ,'  C(>imc(!tivo  tissue  with  small  iiiasscs  oi' fat. 


976 


TUMOURS. 


such  as  bone,  teeth,  cartila.fje,  &c.,  liavc  been  ascribed  to  this  cause,  but  the 
evidence  of  their  oricrin  is  far  from  certain.  They  are  most  common  in  the 
abdomen,  especially  about  the  ovaries,  mesentery,  and  omentum  ;  they  have 
also  been  observed  in  connection  with  the  testes,  havinc^  probably  descended 
into  the  scrotum  with  this  inland.  A  very  remarkable  case  of  this  kind  once 
occurred  at  University  College  Hospital  under  the  care  of  Marshall.  They 
have  also  been  found  in  the  lung,  but  never,  1  believe,  in  connection  with  the 
extremities. 

{d.)  Congenital  Cysts  of  Doubtful  Origin. — A  class  of  congenital  cysts 
has  been  described  under  the  name  of  cystk  hi/groma,  the  origin  of  which  is 
uncertain.  They  are  most  commonly  met  with  in  the  neck,  usually  in  front, 
but  are  also  found  in  the  subcutaneous  tissue  in  other  parts  of  the  body.  They 
form  also  one  variety  of  the  congenital  sacral  tumours.  They  are  composed  of 
a  number  of  thin-walled  cysts,  sometimes  completely  closed  and  sometimes 
communicating  with  each  other  ;  the  separate  cysts  are  held  together  by  areolar 
tissue,  in  some  cases  containing  fat.  The  contents  are  clear  and  serous.  They 
attain  often  a  great  size  in  the  neck  and  sacral  region,  but  in  other  situations 
they  are  seldom  very  large.  The  walls  of  the  cysts  are  lined  in  some  cases  with 
an  endothelium  like  that  of  the  lymphatics,  and  these  have  been  supposed  to  bo 
lymphatic  na3vi ;  that  is  to  say,  multilocular  cysts  formed  by  dilatation  of  the 
lymphatics.  If  their  size  permits  of  it,  they  can  be  removed  ;  other  modes  of 
treatment  have  not  proved  successful. 

(5.)  Parasitic  Cysts. — Cysts  also  occasionally  come  under  the  care  of  the 
Surgeon  which  owe  their  origin  to  the  presence  of  a  parasife.  The  most  common 
of  these  is  that  known  as  the  hydatid  cyst.  This  is  due  to  the  jDresence  of  the 
scolex  of  the  taenia  echinococcus.  The  parasite  in  this  stage  of  development 
is  cystic  in  form.  It  never  reaches  its  fully  developed  state  in  the  human 
body ;  the  taenia  (or  tapeworm),  of  which  it  is  the  scolex,  being  known  to 
exist  only  in  the  dog  and  wolf.  In  the  human  body  it  is  commonly  found  to 
present  the  following  appearances.  Most  externally  is  a  cyst-wall  composed  of 
the  tissues  of  the  part,  altered  l)y  the  pressure  of  the  cyst,  and  indurated  by 
fibroid  growth.  Within  this  is  the  wall  of  the  cyst,  belonging  to  the 
parasite.  This  is  often  half  an  inch  or  more  in  thickness,  and  is  composed  of 
a  semi-transparent,  elastic  substance,  not  unlike  the  white  of  a  hard-boiled 
plover's  egg.  It  is  beautifully  laminated  to  the  naked  eye,  and  a  still  finer 
lamination  is  seen  under  the  microscope.  This  cyst  is  spoken  of  as  the 
ace})]taloc!/d.  Sometimes  the  cyst  is  single,  but  ft-equently  numerous  secondary 
or  daughter  cysts  are  found  in  its  interior.  The  contents  of  the  cyst  consist  of 
a  clear  fluid  of  very  low  specific  gravity,  usually  not  over  1007-,  and  contain- 
ing either  no  albumen,  or  only  the  fointest  possible  trace.  The  characteristic 
trenia-heads,  as  they  are  called,  are  found  either  adherent  to  the  cyst-wall,  or 
free  in  the  fluid.  The  head  is  small  and  rounded,  about  yr^o  i"-  ii^i  diameter, 
and  provided  Avith  four  suckers  and  a  ring  of  booklets,  frequently  no 
perfect  echinococci  can  be  found,  but  the  booklets,  being  indestructible,  can 
usually  be  detected.  Hydatid  cysts  are  found  in  almost  all  parts  of  the  body. 
They  arc  most  common  in  the  liver,  and  occur  in  other  organs  in  the  following 
order  of  frequency  : — lungs,  muscles  and  subcutaneous  tissue,  kidneys,  pelvis, 
nervous  centres,  bones,  and  heart.  They  arc  in  rare  cases  found  in  the  eve 
The  cyst-wall  may  undergo  calcification,  and  the  tumour  cease  to  trouble  the 
patient.    Occasionally  suppuration  may  occur  round  the  cyst,  and  the  whole 
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may  be  dischavged.  A  few  years  asjo  I  opened  a  very  larg-e  abscess  in  the 
adductor  region  of  a  young  woman's  thigh,  and  gave  exit  to  nearly  a  pint  of 
pus,  in  which  dozens  of  small  hydatid  cysts  about  the  size  of  gooseberries  Avcre 
floating.  The  diagnosis  of  these  cysts  when  seated  in  the  subcutaneous  or 
muscuhir  tissues  cannot  be  made  with  certainty,  except  by  withdrawing  some 
of  the  fluid  with  the  aspirat<^r,  and  submitting  it  to  microscopic  and  chemical 
examination.  If  it  be  of  low  specitic  gravity  and  free  from  albumen,  it  is 
almost  certain  to  have  come  from  a  true  hydatid  cyst.  The  Trealmont  of  these 
cysts,  when  practicable,  is  the  complete  removal  of  the  parasite.  A  few  years 
ago  I  successfully  removed  a  hydatid  cyst  of  the  size  of  a  fist  from  the  muscles 
at  the  back  of  the  neck  of  a  young  man.  In  internal  organs,  tapping,  aspira- 
tion, simple  acupuncture  and  galvanoi)uncture  have  all  been  successful.  Aspira- 
tion and  acujjuncture,  however,  seldom  succeed.  The  only  efficient  treatment 
is  to  open  the  cyst  and  to  insert  a  drainage-tube.  This  should  be  done  with 
antiseptic  precautions,  otherwise  septic  inflammation  is  very  apt  to  follow  the 
()])eration,  and  may  terminate  fatally. 

II.— TXJMOUES  COMPOSED  OF  ONE  OF  THE  MODIFICATIONS  OF  FULLY 
DEVELOPED  CONNECTIVE  TISSUE. 

The  structures  included  under  the  term  "  comiective  tissue  and  its  modifica- 
tions," are  fat,  fibrous  and  areolar  tissue,  cartilage,  bone,  and  mucous  tissue. 
The  tumours  composed  of  any  of  these  tissues  in  a  state  of  perfect  development 
are  almost  uniformly  benignant.  Occasionally  enchondroma  assumes  a  malig- 
nant form,  but  it  will  then  be  usually  found  that,  instead  of  being  covered  by 
a  firm  fibrous  membrane  at  the  margin  of  the  growth,  there  is  a  zone  of  em- 
bryonic tissue  which  is  infiltrating  the  surrounding  parts  on  one  side  and 
becoming  developed  into  cartilage  on  the  other.  It  is  from  this  tissue,  pro- 
bably, that  the  system  becomes  infected,  and  not  from  the  fully  developed 
<;artilage.  In  the  same  way,  tumours  which  to  the  naked  eye  seemed  to  be 
composed  of  bone  may  assume  all  the  characters  of  malignancy  ;  but  on  micro- 
.scopic  examination  it  will  be  found  that  these  tumours  do  not  grow  as  normal 
bone  does,  either  from  a  fibrous  membrane  (periosteum)  or  from  cartilage,  but 
are  in  fact  ossifying  sarcomata.  These  will  be  described  amongst  the  sarco- 
inata.  Again,  there  is  no  absolute  boundary  between  sarcoma  and  fibroma. 
Many  tumours  composed  almost  entirely  of  spindle-cells  contain  a  large 
proportion  of  fibrous  tissue  between  the  cells.  If  the  fibres  very  much  exceed 
the  cells,  the  growth  would  be  called  a  fibroma  ;  if  the  reverse  a  sarcoma  ;  and 
one  between  the  two  is  often  spoken  of  as  a  fibro-sarcoma.  As  a  broad  rule, 
it  may  be  said  that  the  benignancy  of  the  growth  will  be  in  proportion  to  the 
perfection  of  the  development  of  the  tissue  of  which  it  is  composed. 

a.  Fatty  Tumour  or  Lipoma. — These  tumours  constitute  an  important 
class  of  surgical  diseases,  as  they  occur  very  extensively  in  almost  every  part  of 
the  body,  and  at  all  ages,  though  they  are  most  commonly  met  Avith  about  the 
earlier  periods  of  middle  life.  In  the  majority  of  cases  they  appear  to  origi- 
nate without  any  evident  cause  ;  in  other  instances  they  can  be  distinctly 
traced  to  pressure  or  to  some  local  irritation,  as  to  that  of  braces  or  shoulder- 
straps  over  the  back  and  shoulders.  In  one  case  I  have  known  the  disease  to 
be  hereditarily  transmitted  to  the  menil3ers  of  three  generations  of  a  family. 

Fatty  accumulations  take  place  under  two  forms,  one  diffused,  the  other 
cii-cum scribed  ;  it  is  the  latter  variety  only  that  is  termed  tlie  Adipose  or 
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ratty  Tumour.  The  diffused  form  of  fatfcy  deposition  occurs  in  masses 
about  the  cliiu  or  nates  without  constituting  a  disease,  though  it  may  occasion 
much  disfigurement.  This  form  was  described  by  Brodie  under  the  name  oi' 
"  fatty  outgrowth." 

Fatty  tumours  may  form  in  all  parts  of  the  body  as  soft,  indolent,  inelastic 
doughy  swcHings,  sometimes  giving  rise  on  manipulation  to  a  feeliug  closely 
resembling  fluctuatiou.  They  grow  very  slowly,  and  are  usually  oval  or  round 
in  form,  but  ft-equently  lobulated  to  a  most  extraordinary  degree.  They  occur 
most  frequently  in  the  subcutaneous  fat  about  the  neck  and  shoulders,  and  are 
occasionally  met  with  between  muscles,  in  the  neighbourhood  of  joints  and  of 
serous  membranes  and  of  mucous  canals,  sometimes  in  very  unusual  situations, 
where  such  growths  would  scarcely  be  looked  for.  Thus  I  i-emoved  some  time 
since  a  lipoma  three  inches  in  length,  and  as  thick  as  the  thumb,  fi-om  under 
the  annular  ligament  and  the  palmar  fascia  of  a  young  woman.  A  ^-er}' 
curious  circumstance  connected  with  these  tumours  is  that  they  occasionally 
shift  their  seat,  slowly  gliding  for  some  distance  from  the  original  spot  on 
which  they  grew  ;  thus,  Paget  relates  cases  in  which  fatty  tumours  shifted 
their  position  from  the  gToin  to  the  perina3um  or  the  thigh.  I  have  known 
one  to  descend  from  the  shoulder  to  the  breast.  When  growing  superficially, 
they  sometimes  become  pedunculated.    They  may  attain  a  large  size,  but 

occasion  inconvenience  only  by  their 
pressure  or  bulk  :  sometimes  they  ap- 
pear in  great  numbers,  upwards  of 
250  tmnours  of  various  sizes  having 
been  found  in  the  same  individual; 
and  C.  V.  Lutzau  records  a  case  in 
which  they  reached  the  extraordinary 
number  of  2,43G.  They  rarely  ulcer- 
ate or  inflame,  nor  do  they  undergo 
any  ulterior  changes  of  structure. 

The  typical  lipoma  is  simply  a 
mass  of  fat,  usually  differing  in  struc- 
ture in  no  way  from  the  ordinaiy  sub- 
cutaneous adipose  tissue  (Fig.  3G7), 
but  it  is  not  micommou  to  find 
crystalline  deposits  of  the  fatty  acids 
in  the  cells.  It  is  inclosed  in  a  fine 
thin  capsule  of  areolar  tissue,  having 
small  ^-essels  ramifying  over  its  sur- 
face. This  capsule  is  adherent  to  the 
surrounding  structures,  but  loosely 
connected  with  the  tumour  itself ;  so  that,  in  operating  for  the  removal  of 
these  growths,  it  is  important  thoroughly  to  open  the  capsule  before  attempt-  • 
mg  to  remove  the  tumoui-. 

These  tumours,  which  present  the  least  possible  deviation  fi'om  the  normal 
structure  of  the  parts  in  which  they  grow,  are  derived  from  the  connective 
tissue  by  an  increased  development  of  fat.  They  present  occasionally  some 
minor  varieties  of  structure.  Thus  the  fibrous  tissue  may  be  in  excess  oivin<. 
rise  to  the  so-called  "  fibrous  lipoma,"  or  the  tumour  may  be  perme^t^d  bv 
numerous  dilated  vessels,  as  in  the  "  erectile  lipoma  "  or  «  nccvo-lipoma."  These 


Fig.  :i(i7.-FiiUy  Tiiliinui-(1S8  iliiiiii.) 
Some  of  the  cells  sliow  crystals  of  fatty  acids. 
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conditions  arc,  however,  rare.  Occasionally  mucous  tissue  may  be  found  inter- 
mixed with  the  adipose,  formino-  the  "  myxo-lipoma."  This  will  be  again 
mentioned  under  myxoma. 

The  diagnosis  of  a  fatty  tumour  is  usually  easy.  Tt  is  not  adherent  to  the 
muscles  over  which  it  is  lying-.  This  can  easily  be  ascertained  by  making-  the 
patient  throw  the  muscles  into  contraction,  when  the  mobility  of  the  tumour 
will  be  found  to  remain  unaltered.  It  is  more  easily  confounded  with  a  soft 
sarcoma  or  a  chronic  abscess.  The  sarcomata  usually  spring  from  or  early 
become  adherent  to  the  deep  fascia  or  muscles.  On  pinching  up  the  skin  over 
a  iatty  tumour,  it  will  be  fonnd  to  dimple  in  several  places,  although  itis(|uite 
freely  moveable  over  the  growth.  This  sign  is  wanting  in  a  sarcoma.  A 
fatty  tumour  is  distinguished  ft'om  a  cyst  or  chronic  abscess  by  pressing  on  its 
edge,  when  the  solid  tumonr  will  be  felt  to  roll  away  from  under  the  finger  ; 
in  a  collection  of  fluid,  the  finger  sinks  through  the  edge  without  the  sensation 
of  anything  slipping  away  from  beneath  it.  When  the  tumour  is  lobulated, 
there  can  be  little  doubt  as  to  its  nature.  If  any  doubt  should  remain,  it  may 
be  punctured  with  a  grooved  needle  or  a  fine  trochar. 

In  the  Treatment  of  fatty  tumours  little  can  be  done  except  extii-pation 
with  the  knife,  by  which  the  patient  is  speedily  and  effectually  rid  of  the 
disease.  The  tumour,  being  encapsuled  and  but  loosely  adherent  to  adjacent 
parts,  readily  turns  out  if  the  capsule  be  freely  opened.  The  opening  of  the 
capsule  is  recognised  by  the  appearance  of  the  smooth  shining  surface  of  the 
tumour  in  the  bottom  of  the  wound.  Great  care  must  be  taken  that  none  of 
the  lobules  fi-cquently  found  in  these  tumours  are  left  behind,  as  they  would 
certainly  ser\  c  as  starting  points  for  new  growths.  The  wound  often  heals  by 
first  intention.  It  is  true  that  we  have  the  sanction  of  Sir  B.  Brodie's  high 
authority  for  the  administration  of  the  liquor  potassfB  in  some  cases,  under 
which  treatment  this  eminent  8argeon  states  that  fatty  tumours  have  occa- 
sionahy  disappeared. 

Fibroma:  Fibrous  or  Fibroid  Tumours,  Desmoid  Tumours,  Areolar 
and  Fibro-cellular  Tumours. — In  the  healthy  body,  fibrous  tissue  is  found 
either  dense  and  firm  as  in  tendons,  or  loose  and  filamentous  as  in  areolar 
tissue,  and  between  these  two  extremes  every  variety  of  density  is  observed. 
In  healthy  areolar  tissue  two  kinds  of  fibres  are  almost  invariably  present :  the 
white  fibrous  and  the  yellow  elastic  tissue.    In  tumours  composed  of  fibrous 
tissue,  similar  variations  in  density  are  found.    Tluis  we  have  fibrous  tumours 
as  dense  in  structure  as  ligaments,  and  others  as  loose  as  areolar  tissue,  but  in 
all  it  is  extremely  uncommon  to  find  any  yellow  elastic  fibres.    Fibrous  tissue 
enters  very  largely  into  the  composition  of  many  tumonrs  besides  the  true  fibro- 
mata.   Thus  tlie  stroma  of  most  cancers  is  composed  of  fibrous  tissue,  the 
intercellular  substance  of  a  sarcoma  may  be  abundantly  fibrous,  and  in  a  lipoma 
the  lobules  of  fat  are  bound  together  by  areolar  tissue.    The  term  fibroma  is, 
however,  applied  only  to  those  tumours  in  wliich  fibrous  or  areolar  tissue  forms 
by  far  the  most  abundant  constituent,  and  in  Avhich  the  cells  are  not  of  an 
epithelial  type  and  are  not  arranged  in  definite  groups.    As  l)eforc  stated,  no 
sharp  line  can  be  drawn  between  fibroma  and  sarcoma,  and  the  term  fibro- 
sarcoma is  frequently  applied  to  those  tumours  in  the  border-land  between  the 
two.    Fibromata  may  be  divided  into  two  chief  classes  : — 1.  Soft  fibromata, 
areolar  tumours,  and  fibro-cellular  tumours  ;  '1.  Firm  fibromata,  desmoid 
tumours,  and  fibroid  tumours. 
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1 .  Soft  Fibromata.— These  may  be  diflfiised  or  circiimscri])ed  ;  in  some 
cases  they  are  distinctly  encapsuled.  The  diffused  variety  or  areolar  ii/mours 
are  little  more  than  a  simple  hyperplasia  of  the  subcutaneous  or  submucous 
areolar  tissue.  They  are  represented  by  pendulous  fleshy  growths,  forming- 
large  tumours,  commonly  called  Wens,  which  may  occur  on  any  part  of  the 
surface.  They  are  smooth,  pedunculated,  firm  but  somewhat  doughy,  non- 
elastic,  pendulous,  and  movable,  slowly  increasing  without  pain  often  to  a  very 
great  size.  They  are  thinly  covered  with  skin,  bearing  abundant  papilla?,  and 
sometimes  enlarged  sweat-glands  and  hair-follicles.  Large  vessels  may  ramify 
on  the  surface,  and  occasionally  the  skin  is  pigmented.  They  are  sometimes 
congenital.  In  the  disease  known  as  moUuscum  fibrosum  these  tumours 
form  pedunculated  masses  or  rolls,  hanging  from  the  skin  of  the  buttocks, 
thighs,  and  other  parts  of  the  body,  and  may  attain  such  a  size  as  seriously  to 
inconvenience  the  patient  by  their  weight.  These  masses  are  composed 
merely  of  connective  tissue,  sometimes  dry  and  tough,  sometimes  oedematous. 
They  contain  large  blood-vessels,  frequently  of  such  size  as  to  render  removal 
of  the  growth  a  most  hazardous  operation.  A  somewhat  similar  condition 
is  seen  in  the  disease  known  as  Elephantiasis  Arabum,  in  which  the  skin 
and  areolar  tissue  of  the  affected  part  undergoes  an  enormous  hypertrophy  ; 
but  the  new  growth  in  this  case  is  not  pedunculated,  and  is  moreover 
distinctly  connected  with  rej)eated  attacks  of  inflammation  of  the  lymphatic 
vessels  of  the  part.  It  is  in  warm  climates  and  in  the  Hindoo  and  negro  races 
that  this  disease  attains  its  greatest  development.  It  attacks  chiefly  the 
genitals,  the  hypertrophy  affecting  the  skin  and  areolar  tissue  of  the  scrotum 
and  penis  in  the  male,  or  depending  from  the  labia  in  the  female,  and  forming 
an  enormous  mass  fifty,  seventy,  or  even  a  hundi-ed  pounds  in  weight.  The 
remarkable  enlargement  of  the  leg  occurring  in  the  Mauritius  and  some  parts 
of  the  West  Indies,  and  hence  termed  Barbadoes  leg,  is  an  affection  of  this 
kind.  The  skin  in  these  cases  becomes  dark -coloured,  rough,  and  scaly,  like 
that  of  an  ele2:>hant,  whence  the  name  of  the  disease.  It  should  perhaps  be 
classed  rather  with  diseases  of  the  lymphatic  system  than  with  tumours 
properly  so  called. 

In  the  Trcafmcnt  of  these  affections,  pressure  and  iodine  applications  may 
be  tried  in  the  earlier  stages,  with  the  view,  if  possible,  of  checking  their 
growth  ;  at  a  later  period  they  must,  if  large,  be  removed  by  operation, 
though  this  procedure  is  at  times  an  extremely  severe  one,  owing  to  their 
great  size. 

Tumours  of  the  circumscrihed  varioiij,  described  by  Paget  as  fibro-cellular, 
are  not  of  common  occurrence  ;  and  when  met  with  they  are  most  frequently 
found  in  the  scrotum,  the  labium,  the  deep  muscular  interspaces  of  the  thigh 
or  axilla,  and  on  the  scalp,  in  which  situation  they  may  form  large  masses, 
attaining  sometimes  to  a  weight  of  many  pounds.  When  seated  hi  the  sub- 
cutaneous tissue  these  tumours  may  become  pedunculated,  as  in  the  accompany- 
ing figure  (;^G8),  which  represents  a  tumour  of  this  kind  which  I  removed 
from  the  side  of  a  woman.  I  have  removed  one  weighing  nearly  four  pounds 
from  the  axilla  of  a  woman,  where  it  lay  between  the  serratus  magnns  and  the  I 
ribs,  forming  a  tumour  of  great  size.  When  they  occur  about  the  scrotum 
and  labium,  these  tumours  must  not  be  confounded  with  elephantiasis  of  these 
parts,  from  which  they  may  be  distinguished  by  being  limited  and  circum- 
scribed masses,  and  not  mere  outgrowths.   Paget  observes  that,  when  occurring 
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Fig.  3GS.— Pondulous  Fibro-cellul;ir 
Tumour. 


about  the  genital  organs,  they  are  found  in  young  women  ami  in  old  men. 
They  occur  only  in  adults  who  otherwise  are  in  good  health,  and  grow 
quickly,  forming  soft,  elastic,  rounded,  and  smooth  tumours  ;  they  are  not 
attended  by  any  pain.  After  removal  they  are  found  to  possess  a  thin  capsule, 
to  be  of  a  yellowish  colour,  and  to  contain  a  large 
quantity  of  iuhltrated  serous  fluid,  which  may  be 
squeezed  out  abundantly,  and  coagulates  on  stand- 
ing. This  fluid  may  be  so  abundant  as  to  give  rise 
to  distinct  fluctuation.  Thus,  a  few  years  ago,  I 
removed  a  soft  fibroma  from  amono'gt  the  short 
muscles  of  the  thumb,  which  had  been  previously 
treated  unsuccessfully  by  puncture,  under  the  im- 
pression that  it  was  cystic  in  nature. 

Under  the  microscope  these  tumours  display  a 
beautifully  delicate  network  of  white  fibrous  tissue, 
arranged  in  undulating  filaments  and  fibrous  bauds, 
in  the  midst  of  Avhich  stellate,  sjjindle-shaped,  oval 
or  round  cells  are  found.  These  cells  are  similar 
to  those  normally  found  in  fully  developed  or 
growing  fibrous  tissue.  They  ^ary  in  abundance, 
but  never  exceed  the  fibrous  tissue  in  amount. 
The  cells  are  rendered  more  apparent  by  the 
addition  of  acetic  acid.  These  tiunours  sometimes 
appear  to  grow  rapidly,  when,  in  reality,  the 
increase  in  size  is  due  to  a  rapid  increase  of  the 

fluid,  and  not  to  a  new  deposit  of  a  solid  character  in  the  tumour.  As  these 
tumours  are  perfectly  innocent,  no  hesitation  need  be  entertained  about  their 
remo^■al. 

2.  Firm  Fibromata — Fibroid  or  Desmoid  Tumours. — These  tumours 
are  met  with  in  various  situations,  the  most  common  of  which  are  the  bones  and 
periosteum,  the  mamma,  the  subcutaneous  connecti^'e  tissue,  and  in  connection 
with  nerves.  In  the  uterus,  "  fibroid  "  tumours  are  exceedingly  common,  but 
in  this  situation  they  contain  not  only  fibrous  tissue,  but  also  a  variable 
amount  of  non-striated  muscular  fibre.  Amongst  the  best  known  examples 
of  firm  fibromata  may  be  enumerated,  the  simple  or  fibrous  epulis,  the  fibrous 
tumours  of  the  antrum  or  lower  jaw,  the  fibrous  polypus  of  the  nose,  the 
ordinaiy  or  fjilse  neuroma,  and  the  painful  subcutaneous  tubercle.  Fibrous 
tumours  are  seen  also  in  the  neck,  especially  in  the  parotid  region.  In  shape 
these  tumours  are  irregularly  o\'al  or  rounded  ;  they  are  smooth,  painless, 
and,  except  when  groAving  Irom  bone,  freely  movable ;  they  increase 
slowly,  but  may  attain  an  enormous  size,  equal  to  that  of  a  cocoa-nut  or 
water-melon.  Liston  removed  one  from  the  neck,  which  is  at  present  in  the 
Museum  of  the  C^ollege  of  Surgeons,  that  weighed  twelve  pounds  ;  they  have, 
however,  been  found  weighing  as  much  as  scA  cnty  pounds.  They  are  almost 
invariably  single  ;  they  are  excessively  firm  and  hard,  but  yield  slightly  on 
pressure,  in  this  difi'ering  from  bony  tumours.  When  cut  into,  they  present 
a  white  glistening  fibrous  structure,  often  showing,  to  the  naked  eye,  bundles 
of  interlacing  fibres.  Sometimes  the  fibres  shoAV  a  concentric  arrange- 
ment (Fig.  3(59)  ;  an  appearance  which,  according  to  Billroth,  is  due  to  the 
fibrous  formation  taking  place  around  nerves  and  vessels.    On  microscopic 
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examination,  pure  fibromata  arc  found  to  be  composed  of  interlacing  bundles 
of  white  fibrous  tissue,  scattered  amongst  wliich  are  cells,  few  in  number, 
and  spindle-shaped,  stellate,  or  oval  in  form  (Fig.  oTO).  These  arc  often 
rendered  apparent  only  by  the  addition  of  acetic  acid.  In  most  cases  the 
vessels  are  not  abundant,  but  fre(iuently  these  tumours  cau  be  shown  by  in- 
jection to  be  very  vascular.  Sometimes  coarse  cavernous  spaces  may  be 
found.  The  vessels  are  intimately  adherent  to  the  fibrous  structure  of  the 
tumour,  and  consequently,  being  unable  to  contract  or  retract,  they  pour  out 
enormous  quantities  of  blood  if  opened  by  wound  or  ulceration.  This  is 
especially  the  case  in  those  fibrous  tumours  which  grow  from  the  l)ones  of  the 
head  or  face,  as  in  the  fibrous  polypi  growing  fi'om  the  Ijody  of  the  sphenoid 


Figs.  3G0,  370.— Finn  fibrcnnata  (ISS  ili.'iiii.).  Fig.  :)()'.•,  fnnii  a  small  Filironia  of  Uic  forehead,  shows  the 
civciTlar  an-angemeiit  of  the  fibres.  Fig.  ;!70,  IVoiu  a  iiiiso-pliai  v  iiL^eal  I'olyims,  i-eseiiililes  onliiiaiy  librous 
tissue. 

bone.  Haemorrhage  is  moreover  often  a  marked  symptom  of  fibroid  tumours 
of  the  uterus. 

Fibromata  form  most  commonly  about  middle  life,  and  may  remain 
stationary  for  years,  and  this  is  the  condition  in  which  they  are  often  pre- 
sented to  the  Surgeon.  They  may,  however,  suffer  various  changes. 
They  may  undergo  disintegration,  becoming  ocdematous,  and  softening  in  the 
centre,  or  at  various  points  of  the  circumference  ;  they  then  break  down  into 
a  semi-fluid  mass,  the  integuments  covering  them  inflame  and  slough,  and 
unhealthy  pus,  mixed  with  disorganized  portions  of  the  tumour,  is  poured 
out,  leaving  a  large  and  sloughy  chasm,  from  which  fungating  gTowths  may 
sprout,  readily  bleeding  on  the  slightest  touch,  and  giving  the  sore  a  malig- 
nant appearance  ;  the  patient  eveutually  falling  into  a  cachectic  condition, 
and  becoming  exhausted  by  the  haemorrhage  and  discharge.  In  other  cases 
these  tumours  may  calcify,  or  more  rarely  undergo  true  ossification.  In  rare 
cases  the  central  parts  of  these  tumours  may  undergo  a  process  of  softening, 
so  as  to  form  large  cysts  containing  fluids  of  various  shades  of  colour.  Paget 
relates  the  case  of  a  very  large  cyst  of  this  kind  formed  by  the  hollowing  out 
of  a  fibroid  tumour  of  the  uterus,  which  was  tapped  by  mistake  for  ovarian 
dropsy. 

Some  of  the  forms  of  fibroma  require  further  mention  here,  though  they 
will  be  again  mentioned  under  the  diseases  of  the  organs  in  which  they  occur. 
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Fibromata  of  Bone. — These  in.iy  ,cto\v  from  the  centre  of  the  bone,  as  is 
not  inilixHjnently  seen  in  the  lower  juAV,  or  from  beneath  the  periostenm.  The 
diagnosis  between  these  latter  and  the  firmer  \-arieties  of  sarcoma  can  be  made 
only  after  removal.  Virchow  lays  great  stress  npon  the  fiict  that  periosteal 
fibromata  do  not  penetrate  into  the  structure  of  the  bone,  or  show  any  ten- 
dency to  infiltrate  the  suiTouuding  soft  parts,  w^hile  the  reverse  is  the  case  with 
the  sarcomata. 

Fibromata  of  Nerves. — These  are  commoidy  spoken  of  as  neuromata, 
although  this  term  would  be  more  properly  limited  to  those  tumours  in  which 
newly-formed  nerve-filaments  are  found.  They  form  rounded  tumours,  over 
which  the  fibres  of  the  nerve  are  stretched  ;  they  are  frequently  multii)le, 
sometimes  extremely  numerous,  very  hard  and  dense,  and  almost  invariably 
painless,  and  not  affecting  the  function  of  the  nerve  upon  which  they  grow. 
They  are  more  movable  in  a  direction  transverse  to  the  course  of  the  nerve 
upon  which  they  are  seated  than  in  any  other,  w'hen  the  limb  is  put  in  such  a 
position  as  to  tighten  the  nerve  ;  a  sj-mptom  which  is  of  some  importance  in 
their  diagnosis. 

Fibromata  of  Glands  are  rare,  being  almost  confined  to  the  mamma. 

Painful  Subcutaneous  Tubercle  is  a  peculiar  form  of  fibroma,  found 
beneath  the  skin,  usually  of  one  of  the  extremities,  but  very  rarely  of  the  trunk. 
It  is  seldom  more  than  half  an  inch  in  diameter,  and  is  so  small  as  scarcely  to 
cause  a  prominence  on  the  surface,  yet  it  gives  rise  to  pain  of  the  most  intense 
and  agonizing  character,  usually  called  forth  by  some  slight  touch  or  pressure, 
and  then  lasting  perhaps  for  an  hom*  or  more.  These  tumours  are  not  neuro- 
mata ;  at  any  rate,  no  connection  has  as  yet  been  traced  between  them  and 
nerve-filaments.  They  ai'c  by  far  more  frequent  in  females  than  in 
males. 

Fibroid  Tumour  of  the  Uterus. — These  tumours,  as  before  stated,  arc 
not  pure  fibromata.  In  addition  to  the  fibrous  tissue,  snch  as  is  found  in  pure 
fibromata,  they  present  numerous  long  spindle-shaped  cells,  Avhich  were  shown 
by  Yirchow^  to  be  involuntary  muscular  fibre  cells,  and  consequently  these 
tumours  are  classed  by  many  writers  under  "myomata"  or  "  myo-fibromata." 
In  the  tumours  of  old  women  these  muscle-cells  frequently  undergo  atrophy, 
and  the  tumour  then  presents  the  appearance  of  a  pure  fibroma.  Fibroid 
tumours  of  the  uterus  project  either  into  the  cavity  of  the  organ,  forming 
uterine  polypi,  or  into  the  cavity  of  the  pelvis.  They  are  liable  to  softening 
and  ulceration,  accompanied  by  much  hasmorrhage  when  they  assume  the  poly- 
poid form.  Under  any  circumstances  they  frequently  calcnfy,  and  occasionally, 
as  above  stated,  soften,  forming  enormous  cysts.  SomcAvhat  analogous  tumours 
a,re  found  in  the  prostate  gland  in  the  male. 

The  Treatment  of  fibromata  is  in  a  great  measure  palliative  ;  but  when 
they  are  so  situated  as  to  admit  of  removal,  as  in  the  neck,  lower  jaw, 
antrum,  mamma,  or  sul)Cutaneous  tissue,  they  should  always  be  extirpated. 

Tumours  closely  resembling  fibromata  in  naked  eye  appearance  and  con- 
sistence, have  been  known  to  recur  after  removal  with  much  tendency  to 
ulceration,  sloughing,  and  ha3morrhage.  They  may  even  give  rise  to  secon- 
dary deposits  in  internal  organs.  These  tumours  will  always  be  found  on 
microscopic  examination  to  present  the  signs  of  one  of  the  forms  of  sarcoma 
to  be  described  hereafter.    Pure  fibromata  are  iuA-ariably  benignant. 

c.  Enchondroma  —  Chondroma  —  Cartilaginous    Tumours. —  These 
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tumours  form  au  cxcecdiugly  interesting  group,  benig  of  comparatively 
frequent  occurrence,  and  sometimes  assmning  a  large  size. 

In  structure,  a  chondi-oma  closely  resembles  normal  hyaline  cartilage 
(Pio-  371).  The  cells  vary  much  in  size  and  shape.  In  the  most  typical  form 
they  are  large  to  vJru  inch),  round,  oval  or  polygonal  in  shape,  contain  s 
sin-'le  large  nucleus  and  nucleolus,  and  are  sometimes  inclosed  in  a  capsule  as  111 
normal  caltilage.  Occasionally  the  cells  are  found  to  be  irregular  in  shape  and 


Pif,  —Encliondromfv  (1S8  diaiii.).  From  a  small  tumour  near,  Imt  distinct  from,  an  ossif.viuff 
cnchondroiiia  of  the  femur,  shows  tlie  variety  in  sliape  of  the  cells  and  eajisules.  At  the  lower  part 
cjilciHcation  is  takin;^  place  involving  fust  the  matrix  and  then  the  cells.  Fig.  a7:2.— From  an  enchondruma 
of  the  iiuger  ;  matrix  fiuntly  librillatcd. 

branched,  the  processes  of  one  cell  communicating  with  those  of  another,  as 
in  a  myxoma.    This  form  resembles  the  cartilage  normally  found  only  in  the 
cuttle-fish.    The  matrix  may  be  hyaline,  as  in  normal  foetal  or  articular  car- 
tilage, or  contain  a  few  fibres.    It  varies  much  in  density,  occasionally  being- 
so  soft  as  to  give  the  tumour  a  false  sense  of  fluctuation.    This  softness  i^i 
usually  found  in  the  more  rapidly  growing  varieties.    The  tumour  may  consist 
of  a  single  mass  of  cartilage,  t)r  may  be  composed  of  innumerable  lobules. 
l)0und  together  by  vascular  bands  of  fibrous  tissue.    It  is  this  vascularity  that 
often  forms  the  most  striking  difference  between  normal  cartilage  and  cnchon- 
droma.    Its  surface  may  be  covered  by  a  distinct  fibrous  layer,  sharply  limiting- 
it  from  the  surrounding  tissues,  or  the  mass  of  cartilage' may  be  surroundetl 
by  a  vascular  zone  of  embryonic  tissue,  sometimes  composed  of  round,  and 
sometimes  of  spindle-shaped  cells,  which  may  infiltrate  and  invade  the  sur- 
rounding structures.    It  is  this  variety,  which  is  more  properly  classed  as  a 
chondro-sarcoma,  that  assumes  the  characters  of  malignancy.  Encliondromata 
are  liable  to  various  secondary  changes.    Thus  they  may  undergo  true  ossifi- 
cation.   The  ordinary  pedunculated  or  spongy  exostosis  is  usually  found  to  be 
covered  with  a  thick  layer  of  cartilage,  so  that  it  might  be  spoken  of  as  au 
ossifying  chondroma.    Calcification  is  a  far  more  common  change  than  true 
ossification  (Fig.  371).    Not  unfrequently  mucous  softening  takes  place  in 
the  matrix.    The  cells  in  this  condition  float  free  in  the  fluid,  and  undergo 
degeneration,  becoming  filled  with  large  globules  of  fat.  This  mucous  softening 
may  be  so  extensive  as  to  give  the  once  solid  tumour  the  appearance  of  a  thick- 
walled  cyst.    In  a  case  of  a  very  large  enchoiidroma  of  the  ribs  under  my 
care  a  few  years  ago,  I  was  enabled  to  make  the  diagnosis  by  microscopic  ex- 
amination of  a  small  quantity  of  such  fluid,  removed  by  means  of  the  aspirator. 
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Cartilage  may  lie  found  also  mixed  inone  tmnourwith  other  structures.  Thus 
the  cartilaginous  tumours  of  the  parotid  region  are  seldom,  if  ever,  pure,  but 
contain  mingled  together  the  structures  of  myxoma,  adenoma,  and  enchon- 
dronia.  Enchondroma  and  sarcoma  are  not  infrequently  found  as  constituents 
of  the  same  tumour.  Encephaloid  cancer  and  enchondroma  have  also  been 
found  combined  in  the  testis. 

Cartilaginous  tumours  ^vlieu  composed  of  pure  cartilage  are  always  benign  ; 
when  mixed  with  embryonic  tissue,  as  in  the  chondro-sarcoma,  they  frequently 
run  a  malignant  course.  The  sim})le  chondroma  occurs  as  a  hard  or  slightly 
elastic  tumour,  ovoid  or  round  in  form,  sometimes  smooth  on  the  surface  but 
more  often  lobulated,  and  of  small  or  moderate  size,  seldom  exceediug  that  of 
an  orange,  and  growing  slowly  without  pain.  The  chondro-sarcoma  grows 
rapidly,  often  attaining  an  enormous  size  in  a  few  months,  and  giving  rise  to 
secondary  growths  in  internal  organs. 

AVhen  cartilaginous  tumours  attain  a  large  size  and  soften  as  above  de- 
scribed, the  skin  covering  them  may  become  duskily  inflamed,  eventually 
slough,  and  form  fistulous  openings,  through  which  a  thin,  jelly-like  matter  is 
discharged. 

Locality. — Most  frequently  enchondroma  occurs  in  connection  with  some 
bone.    It  is  most  frequent  in  the  metacarpus  and  phalanges  of  the  fingers 


(Figs.  378,  374).  It  is  rare,  in  this  situation,  to  find  only  one  bone  or  phalanx 
affected  :  the  tumours  are  almost  invariably  multiple.  They  form  hard  or 
elastic  rounded  knobs,  seldom  larger  than  a  wahmt  or  a  pigeon's  egg.  Large 
chondromata  are  most  commonly  met  with  in  or  upon  the  head  of  the  tibia  or 
the  condyles  of  the  femur,  forming  in  these  situations  rapidly  increasing  growths 
of  considerable  magnitude.  Chondromata  are  found  also  on  the  ribs  and  bones 
of  the  pelvis,  in  the  intermuscular  spaces  of  the  neck,  thigh,  and  leg,  in  connec- 
tion with  the  sheaths  of  tendons,  and  occasionally  in  glands  ;  but  in  this  last 
situation  they  are  seldom,  if  ever,  pure,  being  mixed  with  myxoma,  adenoma, 
or  sarcoma,  and  when  in  the  testicle,  occasionally  with  carcinoma.  It  is  a 
curious  fact,  that  chondromata  never  arise  in  connection  Avith  pre-existing 
cartilage.  Wlien  coniiected  with  the  bones,  chondroma  may  spring  fi'om  the 
periosteum,  gradually  enveloping,  absorbing,  and  eventually  destroying,  the 
osseous  structures,  though  at  first  not  incorporated  with  them.  It  has  then 
been  distinguished  as  "perichondroma."  This  is  its  usual  mode  of  origin, 
when  occurring  in  the  femur  or  tibia  ;  but  when  seated  on  the  short  bones, 
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especially  on  the  metacarpus  and  phalanges,  it  commonly  springs  from  the 
medullary  canal,  \vhich  becomes  expanded  by  gradual  absorption  of  the  com- 
ivact  tissue,  with  a  constant  growth  of  new  bone  beneath  the  periosteum. 
Thus  the  tumour  remains  long  covered  by  a  thin  shell  of  bone.  Finally 
tlie  growth  perforates  its  bony  covering  at  one  side,  and  then  advances  more 
rapidly  in  that  direction.  These  tumours  occur  in  childhood  or  young  adult 
life.  They  never  assume  a  malignant  form,  nor  do  they  ossify.  Calcification 
is  common,  and  nmcous  softening  occasionally,  but  rarely,  takes  place  in  their 
interior,  leading  to  ulceration  of  the  skin. 

The  Treatment  consists  either  in  excision  of  the  tumour,  or  in  amputation  of 
the  affected  part.  Excision  may  be  practised  when  the  tumour  is  seated  in  the 
parotid  region,  or  otherwise  unconnected  with  bone.  hen  forming  part  of 
the  osseous  structures,  it  cannot  well  be  got  rid  of  without  the  removal  by 
amputation  of  the  bone  that  it  implicates.  When  it  occurs  in  the  hand, 
removal  of  the  affected  fingers  and  metacarpal  bones,  to  an  extent  proportioned 
to  the  amount  of  the  disease,  Avill  be  required  ;  but  it  should  be  remembered 
that  in  this  situation  enchondromata  are  always  perfectly  innocent,  and  con- 
sequently the  operation  should  not  be  performed  if  the  finger  lie  useful  to  the 
patient,  unless  he  is  willing  to  sacrifice  an  useful  finger  to  get  rid  of  an  unsightly 
deformity. 

In  Fig.  oi;  may  be  seen  the  kind  of  hand  left  after  operation  in  the  case 
from  which  Fig,  873  was  taken.  If,  in  these  circumstances,  excision  of  the 
tumour  only  be  attempted,  it  will  be  found  that  the  whole  mass  cannot  be 
removed,  and  that  it  rapidly  grows  again  ;  or  that  the  wound  formed  by  the 
operation  remains  fistulous  and  open. 

Eemoval  of  a  pure  chondroma  is  followed  by  a  permanent  cure.  The  mixed 
cartilaginous  tumours,  as  chondro-sarcoma  or  adeno-sarcoma,  sometimes  return 
after  removal,  both  locally  and  in  internal  organs. 

{d)  Osteoma.     Exostosis.     Bony  Tumour. — In  order  to  render  the 
review  of  the  different  varieties  of  tumoiu'  complete,  it  will  be  necessary  briefly 
to  mention  the  osteomata  in  this  place,  though  their  clinical  characters  will  be 
more  fully  treated  of  in  the  chapter  on  the  Diseases  of  Bones.    In  the  first 
place,  it  is  necessary  accurately  to  distinguish  mere  calcification  from  the 
formation  of  true  bone.    The  former  is  extremely  common,  the  latter  some- 
what rare.    Bone  appears  in  tumours  under  four  chief  conditions  ;  1st,  as  the 
result  of  the  ossification  of  a  fibroma ;  2nd,  of  a  sarcoma  ;  3rd,  of  an  enchon- 
droma  ;  and  4th,  as  a  special  growth  covered  with  a  firm  layer  of  periosteum. 
Bone  has  been  described  as  occurring  also  in  connection  vrith  carcinoma  :  but 
this  assertion  has  not  been  confirmed  since  the  separation  of  cancers  and  sar- 
comas.   (July  the  last  two  forms  mentioned  above  are  usually  spoken  of  as 
bony  tumours  or  exostoses.    They  differ  essentially  from  each  other  in  their 
seat  and  consistence,  as  well  as  in  their  mode  of  growth.    Those  developing 
from  cartilage  or  spongy  exostoses,  are  situated  almost  iuA'ariably  in  the  imme- 
diate neighbourhood  of  an  epiphysis,  and  rarely,  if  ever,  start  into  growth  after 
the  twenty-fourth  year ;  those  developing  from  a  fibrous  periosteal  covering, 
ivory  exostoses,  are  of  extreme  and  remarkable  density,  and  are  usually  seated 
on  flat  bones,  such  as  those  of  the  head,  face,  scapula,  and  pelvis.    Both  these 
growths  closely  rescml)le  normal  bone  in  structure,  the  spongy  exostosis  exactly 
agreeing  with  the  cancellous  tissue  of  the  extremity  of  a  long  bone,  and  the 
ivory  or  hard  exostosis  corresponding  to  the  petrous  portion  of  the  temporal. 
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tlie  lower  jaw,  or  the  compact  tissue  of  a  long  bone.  Both  forais  are  invariably 
iion-nialignant. 

Spomjij  Exostoses,  sometimes  called  pedunculated  or  cauliflower  exostoses, 
from  their  shape,  are  most  common  at  the  upper  end  of  the  humerus  and 
the  lower  end  of  the  femur  (Fig.  STua),  and  on 
the  ungual  phalanx  of  the  great  toe.    If  observed 
during  tlie  stage  of  growth,  they  are  found  to  be 
covered  by  a  perfectly  developed*^  hyaline  cartilage, 
which  apparently  grows  from  the  perichondrium 
co^Tring  it,  and  quickly  undergoes  ossification  at 
its  deep  surface.    If  the  tumour  be  observed  when 
all  growth  has  ceased,  it  will  be  found  to  be  com- 
pletely bony,  being  composed  of  a  iiedunculated 
mass  of  cancellous  tissue,  covered  thinly  by  a  layer 
of  compact  bone.    The  cancellous  tissue"  of  the 
tumour  is  continuous  with  that  of  the  bone  upon 
^vhich  it  grows,  ^the  compact  tissue  of  the  shaft 
being  absorbed  beneath  the  base  of  the  tumour. 
Sometimes  these  tumours  are  hereditary  and  mul- 
tiple.   They  scarcely  ever  reach  a  great  size,  and 
probably  cease  to  grow  if  they  become  completely 
ossified. 

Ivorij  Exosfoses.  —  These  tumours  form  flat 
rounded  elevations,  usually  seated  about  the  bones 
of  the  skull  or  face.  They  are  covered  with  a 
fibrous  membrane  and  are  of  intense  hardness. 
Occasionally  they  are  multiple  and  grow  to  a  considerable  size,  and  when 
seated  on  the  facial  bones  distort  the  features  horribly,  and  at  last  after  years 
of  suffering  possibly  cause  death  by  pressure  on  the  brain. 

(c.)  Msrsoma.    Mucous  Tumour. — These  tumours  arc  classed  by  some 
writers  under  sarcomata,  as  the  tissue  of  which  they  are  composed  closely 
resembles  the  rudimentary  fat  of  the  foetus.    In  the  adult,  the  vitreous  body 
of  the  eye  is  the  only  part  in  which  mucous  tissue  is  normally  found.  ]\Iany 
tumours  formerly  described  as  colloid  cancer  belong  properly  to  this  class, 
^^lyxomata  usually  form  round,  oval,  or  lobulated  masses,  distinctly  surrounded 
))y  a  loose  capsule  of  connective  tissue.  Tliey  are  tense,  elastic,  and  gelatinous, 
frequently  giving  rise  to  a  sense  of  fluctuation  so  distinct  as  to  lead  to  their 
being  mistaken  for  cysts.    They  are  usually  of  slow  groAvth.    On  section  they 
are  found  to  be  of  a  delicate  pink  colour,  sometimes  stained  by  hajmorrhages, 
or  they  may  present  au  uniform  yellowish  tint.    The  most  marked  peculiarity 
they  present  on  section  is  in  the  fluid  which  flows  from  the  cut  surface.  This 
is  abundant,  glairy,  and  tenacious,  haA  iug  the  appearance  of  thick  gum-water. 
On  chemical  examination  it  is  found  to  contain  nmcus  ;  inicroscopic  examina- 
tion shows  (Fig.  87G)  in  the  purest  forms  of  myxoma  a  beautiful  network 
composed  of  large  stellate  or  branched  cells,  the  processes  of  which  freely  com- 
municate with  one  another.    These  cells  are  embedded  in  an  almost  homo- 
geneous intercellular  substance,  in  which  vessels  can  be  clearly  seen  to  ramify. 
It  is  seldom,  however,  that  this  structui'c  is  found  so  pure  as  this.    In  addition 
to  the  stellate  cells,  numerous  small  round  cells  (Fig.  377)  are  usually  present, 
and  the  intercellular  substance  is  in  most  cases  traversed  by  delicate  bundles  of 


Fig.  375. — Pediiiiculatod  exos- 
to-ses  (iiatunil  size). 

A.  l''i-(iiu  femur  of  a  liny. 
15.  From  seajmla  of  a  eliiUl  three 
years  olil. 
(t.  Hyaline  cartilage. 
h.  Layer  of  imjierfeiit  ossifica- 
tion. 

1:  Well-formed  spongy  bone. 
d.  Periosteum. 
Tlie  drawing  illustrates  the  dif- 
ferent iiro]iortions  which  the  va- 
rious cinistituents  of  the  tumour 
may  bear  to  one  another. 
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fibrous  tissue,  sometimes  coiitaiDing  yellow  elastic  fibres.  The  stellate  cells 
may  be  smaller  in  some  cases  thau  in  others.  The  peculiar  feature  of  the 
oTOwth  is  the  mucous  intercellular  substance,  and  without  this  being  present 
no  tumour  should  be  called  a  myxoma.  Frequently,  ^tissue  agreeing  in  all 
respects  with  that  of  a  pure  myxoma  is  found  mixed  with  that  of  sarcoma, 
enchondroma,  or  adenoma.    These  tumours  are  spoken  of  as  myxo-sarcomata, 


Fig.  liTli. — Jlyxoiiin,  from  a  hivfcc  t^iiiiimr  in  tlie 
skill  (if  till!  liiK-k  (ISS  ilinin.)-  It  will  be 
noticed  tliiit  even  tlie  rdiiiul  eells  are  eoii- 
nected  witli  tlm.se  ■\vliicli  are  more  liraiielied. 


Fig.  377.— Mucous  Polx-jui.s  of  No.se  (ISS 
Uiaiii.).  Tlie  round  cells  vary  in  size 
and  are  distinct  I'roni  the  liranclied 
ones.  Tlie  liranclied  cells  are  very  ir- 
regular, and  the  matrix  somewhat 
librous. 


myxo-chondromata,  &c.    Myxo-chondroma,  frequently  containing  portions  of 
adeuoma,  forms  the  ordinary  parotid  tumour.    Occasionally  a  development  of 
true  fat-cells  may  take  place  in  the  central  parts  of  a  myxoma,  thus  indicating, 
as  Yirchow  thinks,  the  relation  of  these  tumours  to  embryonic  fat.    A  few 
years  ago  I  saw  in  consultation  a  case  of  an  enormous  abdominal  tumour,  which 
proved  on  examination  after  death  to  be  a  pure  myxoma,  weighing  at  least  thirty 
pounds,  the  central  parts  of  Avhich  contained  an  abundance  of  true  adipose 
tissue.    Such  tumours  as  these  have  been  spoken  of  as  myxo-lipomata.  I 
have  since  seen  a  similar  abdominal  tumour  in  a  young  man.    After  death  it 
was  found  to  be  composed  almost  entirely  of  pure  myxoma-tissue.    A  few 
small  nodules  of  spindle-celled  tissue  were  ft)und  in  it,  but  no  fat.  Myxomata 
may  occur  in  any  part  of  the  body.    When  superficial  they  often  assume  a 
polypoid  form,  as  in  the  ordinary  mucous  polypus  of  the  nose.  Myxo- 
mata are  not  unfrequcnt  in  the  subcutaneous  cellular  tissue,  in  nerves- 
they  form  one  variety  of  false  neuroma,  and  they  are  occasionally  met  with . 
in  glands.    Myxomata  are  usually  non-malignant,  but  occasionally  they 
recur  locally  after  removal.    If  left  untreated,  they  may  cause  death  by  ulcera-- 
tion  of  the  skin  taking  place  over  them,  leading  to  sloughing  of  the  tumour 
with  profuse  ha3moiThagc  and  foul  discharge.    Occasionally  they  may  prove 
fatal  from  pressure  on  important  organs,  as  in  the  case  of  the  abdomiuali 
tumour  above  mentioned.    The  Treaimmt  consists  in  the  removal  of  the. 
groAvth  whenever  an  operation  is  possible. 

Ill   TUMOURS  WHICH  RESEMBLE  IN  STRUCTURE,  MORE  OR  LESS  PERFECTLY 
ONE  OF  THE  MORE  COMPLEX  TISSUES  OF  THE  BODY. 

A.  Myoma.  Muscular  Tumour.— These  tumours  arc  of  two  classes  ;  those 
containing  striated  and  those  containing  non-striated  muscular  fibre.  Striated 
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muscular  fibre  has,  at  present,  been  found  only  in  a  few  congenital  tumours, 
chiefly  in  large  gi-owths  in  or  near  the  kidney,  in  which  it  is  mixed  with 
spindle-celled  sarcoma  and  cysts  lined  with  epithelium.  Non-striated  muscular 
fibre  is  found  in  abundance,  as  before  mentioned,  in  the  so-called  fibroid 
tumours  of  the  uterus  (see  p.  ;)8o),  and  of  the  prostate,  but  it  is  always 
associated  with  large  quantities  of  fibrous  tissue,  so  that  the  tumour  is  more 
properly  spoken  of  as  a  myo-fibroma.  The  older  tumours  are  found  to  be 
composed  almost  entirely  of  fibrous  tissue,  the  muscular  fibre-cells  having 
undergone  atrophy.  Pure  myomata  have,  in  A'ery  rare  cases,  been  found  in 
connection  with  the  oesophagus.  I'^igge  has  recorded  an  interesting  case  of 
this,  Avhich  was  accidentally  discovered  after  death,  at  Guy's  Hos])ital.  It 
gave  rise  to  no  symptoms  during  life,  although  the  tumour  was  as  large  as  a 
good-sized  egg.    IMyomata  are  always  non-malignant. 

B.  Neuroma.  True  Neuroma.  Nervous  Tumour. — The  term  neuroma 
is  clinically  applied  to  any  tumour  growing  on  a  nerve,  whether  it  be  a  fibroma, 
myxoma,  sarcoma,  or  true  neuroma.  The  term  should  strictly  be  limited  to 
those  tumours  in  which  there  is  an  actual  new  growth  of  nervous  tissue. 
Tumours  containing  newly  formed  nervous  tissue  are  rare.  Neuromata  com- 
posed of  grey  matter  (non-meduUated  fibres  and  ganglionic  tissue)  have  been 
described,  but  they  are  so  infinitely  rare,  that  they  need  no  further  mention 
here.  The  vast  majority  of  true  neuromata  are  composed  of  bundles  of 
medullated  or  white  nerve  fibres,  interlacing  with  each  other,  or  sometimes 
rolled  up  into  masses,  and  separated  by  connective  tissue,  more  or  less  rich  in 
small  cells.  True  neuromata  occur  only  in  connection  with  nerves.  The 
bulbous  extremities  of  nerves,  often  seen  in  stumps  after  auiputation,  have 
been  shown  by  Valentin,  Ijebert,  and  others,  to  be  sjiecimeus  of  true 
neuromata.  True  neuromata  occur  also  without  previous  injury  of  the  nerve. 
They  arc  then  frequently  multiisle.  They  cannot  be  diagnosed  from  (jther 
firm  tumours  of  nerves.  They  are  sometimes  painful  and  tender,  and  some- 
times not.  The  most  characteristic  sign  of  any  tumour  seated  on  a  nerve 
is,  that  when  the  nerve  upon  which  it  is  seated  is  put  on  the  stretch  by 
the  position  of  the  part,  the  tumour  is  almost  immovable  in  a  direction 
parallel  to  the  course  of  the  nerve,  while  it  is  more  or  less  freely  movable  in 
the  transverse  direction.  True  neuromata  arc  always  non-malignant,  and 
should  not  be  interfered  with  in  any  way  unless  they  give  rise  to  serious  in- 
convenience fi'om  pain. 

C.  Angioma.  Vascular  Tumour. — Under  the  name  of  angiomata  arc 
included  only  such  tumours  as  are  composed  of  vascular  tissue  of  new  growth, 
and  not  such  swellings  as  arise  from  the  dilatation  of  pre-existing  vessels.  The 
so-called  cirsoid  aneurism,  or  aneurism  by  anastomosis,  being  supposed  to  be 
due  chiefly  to  a  dilatation  of  pre-existing  arteries,  although  doubtless  accom- 
panied by  some  new  formation  of  vessels,  is  not  usually  included  amongst 
angiomata,  nor  are  the  swellings  formed  by  convoluted  masses  of  varicose 
veins.  True  angiomata  are  usually  divided  into  two  classes  -.—llir  pJoxiform 
cmijioma  or  telangiectasis,  and  the  cavernous  aiuiioma.  The  pk.riform  angioma 
is  composed  of  a  mass  of  tortuous  and  dilated  capillaries  bound  together  by  con- 
nective tissue  (Figs.  378,  ;]79).  The  blood  vessels  comprising  it  are  normal  in 
structure.  This  forms  the  ordinary  superficial  niBvus,  mother's  mark,  or  port- 
wine  stain.  It  is,  probably,  always  congenital.  The  cavernous  angioma,  or 
erectile  tumour,  resembles  in  structure  the  corpus  cavernosum  penis,  being  made 
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up  by  spaces,  commimicating  freely  with  each  other.  The  walls  of  the  spaces 
are  composed  of  fibrous  tissue,  and  are  lined  with  an  endothehum  resembliuo- 
that  of  a  vein.  These  tumours  are  sometimes  distinctly  cu-cumscribed,  and  en- 
closed in  a  loose  capsule  of  connective  tissue  ;  in  other  cases  they  arc  diffuse. 


Fig.  r.TS. — Nivvu.s  (IS.S  iliaui.)  inliltra- 
tiiiK  fat.  Tlie  sliail(^d  bands  rcin-c- 
scnt  vessels  (Hit  of  f'ncns,  tlic  ends 
ofsdiiK!  oftlieiii  being  sliuwn  iu 
transverse  sec'tion. 


Fig.  379.  (4.")4diani.)Sliows  tlie  endotlielium  apjia- 
rently  almost  (jbstructing  the  lumen  of  the 
vessels  as  the  result  of  their  contraction. 


They  arc  sometimes  cono-enital,  but  often  arise  in  young  adult  life.  They  are 
most  common  in  the  subcutaneous  tissue,  but  have  also  l)een  met  with  in 
muscles,  and  in  the  liver,  spleen,  and  other  internal  organs.  The  mode  of 
origin  of  these  tumours  is  doubtful.  They  appear  sometimes  to  develop  as  a 
result  of  an  injury. 

The  symptoms  and  treatment  of  vascular  tumour  will  be  fully  described  in 
a  subsequent  chapter. 

D.  Lymphangioma.    Tumour  composed  of  Lymphatic  Vessels. — 

These  excessively  rare  tumours  are  composed  of  dilated  lymphatic  vessels 
communicating  witli  each  other,  like  the  spaces  of  the  cavernous  angioma,  the 
cavities  containing  lymjih  instead  of  blood.  Yirchow  has  described  them  as 
occurring  congenitally  in  the  tongue,  forming  one  variety  of  hypertrophy  of 
that  organ  (macroglossia).  They  are  said  to  have  been  seen  forming  also 
pale,  compressible,  congenital  tumours  of  the  skin. 

E.  Lymphadenoma.  Tumour  composed  of  Lymphatic  Tissue. 
Lymphoma. — Lymphadenomata  are  composed  of  tissue  exactly  resembliug 
that  of  tlie  follicles  of  the  lymphatic  glands,  lymphoid  or  lymphatic  tissue,  the 
so-called  "  adenoid  tissue"  of  His  ;  but  to  avoid  confusion,  the  term  "adenoid" 
should  never  be  used  in  connection  with  this  structure,  liut  reserved  for  tissues 
resembling  those  of  the  secreting  glands.  Lymphoid  tissue  (Figs.  380,  381)  is' 
cliaractcrized  by  a  delicate  reticulate  stroma,  in  the  meshes  of  which  are  packed 
numberless  cells,  in  every  way  resembling  the  white  corpuscles  of  the  blood. 
The  stroma  is  composed  of  fibrous  tissue  containing  a  few  oval  nuclei  scattered 
through  it,  especially  where  the  bands  cross  each  other.  The  stroma  may,  in 
some  cases,  be  increased  in  amount  and  thicker  than  that  normally  found  in 
lymphatic  glands.  The  vessels  are  abundant  and  in  close  connection  with  the 
stroma.     The  tumours  are  white  or  grey  in  colour,  sometimes  stained  by 
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:!S0.  —  I/ViuplKMli'- 
uoiiia.  (454  iliam.)  Some 
of  the  cells  have  l>ee:i 
reiiioveil  to  show  tlio 
arniiigeiiieiit  of  the 
stroma. 


Fig.  3S1.— (ISS  diam.) 
Shows  general  ar- 
raii gel  lien  t. 


hiBinorrhages.  Tliey  vary  considerably  in  consistence  ;  sometimes  they  are 
soft  and  brain-like,  and  sometimes  hard  and  tough.  This  difference  depends 
upon  the  proportion  borne  by  the  cells  to  the  stn)ma.  The  softer  forms  yield 
an  abundant  milky  fluid  on  scraping,  resembling  the  juice  of  a  cancer.  'The 
lymphoid  character  of  the  cells  in  the  fluid,  however,  at  once  shows  the  true 
nature  of  the  growth.  The 
development  of  these  tu- 
mours forms  the  essential 
feature  of  the  general  affec- 
tion known  as  "Hodgkin's 
disease."  In  this  disease 
there  is  an  enlai-gcment  of 
the  lymphatic  glands,  ac- 
companied in  some  cases 
by  disseminated  lymphoid 
tnmours  in  the  liver,  spleen, 
kidnevs,  and  other  organs, 
and  occasionally  in  the  me- 
dullary tissue  of  bones.  To 
this  general  fonn  of  the 
disease,  Gowers  applies  the 
name  of  lijmplmclcnosis.  The 

chief  general  symptom  is  marked  and  progressive  antcraia.  The  red  corpus- 
cles of  the  blood  are  diminished  in  number,  and  the  white  may  or  may  not  be 
increased.  The  increase  in  the  Avhite  corpuscles  is  met  with  chiefly  in  those 
cases  in  which  the  tumours  are  soft  and  disseminated  throughout  the  viscera, 
and  more  especially  when  the  spleen  is  enlarged.  The  disease  may  occur  at 
any  age,  but  is  most  common  in  young  adults.  For  the  further  symptoms, 
the  reader  must  refer  to  works  on  medicine.  Lymphadenoma  comes  under 
the  care  of  the  Surgeon  only  as  it  occurs  in  the  lymphatic  glands.  The  glands 
of  the  neck  and  axilla  are  most  frequently  affected.  They  form  painless 
swellings,  usually  firm  in  consistence,  and  of  slow  growth,  and  arc  at  first 
indistinguishable  from  simple  hypertrophy  or  chi'onic  inflammatory  enlarge- 
ment. The  glands  remain  distinct  till  they  have  ac(]uircd  a  considerable  size  ; 
but  later  on  they  often  fuse  together,  forming  a  large  lobulated  mass.  While 
they  remain  distinct,  they  form  no  adhesions  to  surrounding  parts,  and  can 
be  easily  remoA'cd  ;  but  when  the  growth  extends  beyond  the  capsules  of  the 
glands,  it  may  infiltrate  surrounding  structures.  They  show  scarcely  any 
tendency  to  caseation,  and  never  soften  or  suppurate.  I'he  skin  covering  them 
is  not  adherent  and  retains  its  natural  colour.  The  affection  may  remain  for  a 
long  time,  or  even  permanently,  limited  to  one  set  of  glands.  In  these  cases, 
as  a  rule,  the  stroma  is  in  great  excess,  and  the  tumours  arc  hard  and  fibroid. 
After  a  time  they  may  cease  to  grow.  When  large  numbers  of  glands  are 
affected  and  disseminated  growths  are  present  in  the  viscera,  the  growths  are 
usually,  but  not  always,  softer,  and  the  case  almost  inevitably  terminates 
fatally  after  two  or  three  years.  Death  may  take  place  from  the  general 
disease,  or  from  the  eff'ects  of  local  pressure,  especially  when  the  growth 
extends  beneath  the  sternum,  or  presses  on  the  trachea  or  recurrent  laryngeal 
nerve. 

LymphoDiata  frequently  come  under  the  obser\-atiun  of  the  Surgeon, 
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affecting  a  single  gland  or  group  of  glands  unaccompanied  by  any  constitu- 
tional disturl)ancc.  In  these  cases  the  disease  seems  to  be  a  mere  hypertrophy 
of  the  affected  glands  ;  and  perhaps,  strictly  speaking,  should  hardly  be  classed 
with  tumours.  The  diagnosis  of  lymphadenoraa  in  the  early  stages  is  practi- 
cally impossible.  At  a  later  period,  the  great  enlargement  of  the  glands,  and 
the  constitutional  symptoms,  indicate  the  nature  of  the  case.  The  al^scnce  of 
a  local  cause  of  irritation,  and  the  want  of  any  tendency  to  caseation  or 
suppuration,  serves  as  a  rule  to  distinguish  it  from  chronic  inflammation  of  the 
glands.  The  question  of  removing  the  enlarged  glands  often  comes  before 
the  Surgeon.  If  the  affection  is  local,  and  the  general  health  fairly  good,  the 
operation  may  safely  be  undertaken.  If  there  is  very  marked  anemia,  or  if 
there  be  a  high  temperature,  and  especially  if  the  tumours  are  very  numerous, 
the  spleen  enlarged,  and  the  white  corpuscles  distinctly  increased  in  number, 
any  operative  interference  should  be  avoided  unless  it  seems  possible  to  relieve 
the  patient  from  imminent  death  from  pressure  on  the  trachea. 

F.  Papilloma.  Tumour  resembling  the  Papillae  of  Skin  or  Mucous 
Membrane. — A  papilla  is  a  more  or  less  pointed  projection  composed  of 
areolar  or  homogeneous  connective  tissue,  surrounding  a  capillary  loop  and 
covered  by  epithelium,  which  may  consist  of  many  layers,  as  in  the  skin,  or 
of  only  one,  as  in  the  intestine.  Lymphatic  spaces  or  capillaries  arc  present 
in  the  areolar  tissue.  The  tumours  which  pass  under  the  name  of  papillomata 
are  usually  mere  hypertrophies  of  the  normal  papilla?  of  the  part  on  which 
they  grow,  and  arc  covered  by  the  variety  of  epithelium  normal  to  the  part. 
The  papillte  of  which  they  are  composed  differ  from  those  normal  to  the  ]:)art 
in  size,  shape,  and  vascularit3^  Thus,  instead  of  merely  microscopic  papillae, 
such  as  are  normal  to  the  skin,  we  may  have  growths  sometimes  reaching  the 
size  and  presenting  the  appearance  of  the  head  of  a  good-sized  cauliflower. 
Instead  of  simple  papilla?,  we  may  have  branched  growths  subdividing  again 
and  again,  and  connected  with  the  parent  tissue  only  by  a  narrow  stalk.  The 
vessels  of  these  growths  are  always  abundant,  and  frequently  dilated  to  a 
considerable  size.  The  connective  tissue  forming  the  basis  of  the  papilla?  is 
more  or  less  crowded  with  small  round  cells,  according  to  the  rapidity  of  the 
growth.  Sometimes  the  deeper  layers  of  the  epithelium  are  darkly  pigmented. 
Malignant  tumours  of  various  kinds  when  seated  on  a  free  surface  may  assume 
a  papillary  form,  but  these  must  not  be  confounded  with  papillomata.  On 
the  other  hand,  a  papilloma  may  by  invisible  degrees  merge  into  an  epithe- 
lioma, either  squamous  or  colunniar,  as  the  case  may  be,  the  distinction  between 
them  sometimes  being  impossible,  even  with  the  help  of  the  microscope.  It 
may,  however,  be  broadly  stated  that  so  long  as  the  tumour  maintains  a  simple 
papillary  form,  the  epithelium  being  purely  superficial,  and  showing  no 
tendency  to  burrow  between  the  papilla?  into  deeper  parts,  and  so  long  as  the 
base  of  the  tumour  is  not  composed  of  masses  of  small  round  cells  infiltratino- 
the  surrounding  structures,  we  may  at  least  hope  that  the  tumour  is  non- 
malignant.  In  other  cases,  such  as  the  common  warts  or  gonorrheal  warts, 
we  know  certainly  that  the  growth  is  simple.  Papillomata  vary  in  hardness 
and  softness,  according  to  the  parts  on  which  they  grow,  and  the  amount  and 
nature  of  epithelium  with  which  they  are  covered.  Thus  the  common  corn 
or  wart,  being  thickly  covered  with  horny  epithelium,  is  hard,  while  the 
papillomata  of  the  rectum,  being  thinly  covered  with  columnar  epithelium 
are  always  soft.  ' 
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The  chief  forms  of  papilloma  are  : — corns,  simple  warts,  condylomata  and 
mucous  tubercles,  and  some  forms  of  polypi  and  villous  tumours. 

Corns  consist  of  an  undue  development  of  cuticle,  Avith  a  slight  increase  of 
the  vascularity  of  the  subjacent  cutis  ;  subsequently  the  papillje  themselves  be- 
come enlarged,  especially  when  the  irritation  has  been  prolonged  or  consider- 
able. A  soft  corn  is  merely  one  which  inm\  its  situation  is  kept  constantly 
moist,  so  that  the  newly  formed  scaly  epithelium,  instead  of  forming  a  dense 
crust,  peels  off",  leaving  the  vascular  and  sensitive  papillae  but  thinly  covered. 

Warts  are  the  result  of  a  primary  hypertrophy  of  the  papillje,  accompanied 
by  the  formation  of  new  vessels,  and  a  great  increase  in  the  development  of 
the  epidermis,  which  forms  laminated  strata,  and  sometimes  produces,  in  the 
hollows  between  the  papilhTS,  masses  with  a  concentric  arrangement  of  the 
cells,  closely  resembling  the  nest-like  structures  seen  in  eijithelioma.  The 
true  warts  are  most  commonly  found  on  the  skin,  and  are  then  often  very 
hard  and  horuy  ;  sometimes  they  may  develop  a  long  horn-like  growth. 
Softer  varieties  are,  however,  found  on  the  muco-cutancous  surfaces,  especially 


Fi.u.  :!Sl>.— PaiiilloiMii  of  .Soft  Palatf.    (40  diam.). 
<i.  Superficial  eiiitlieliniii,  coiitaiiiiii^  a  fuw  vessels  wliicli  are  cut  tnuisvcrscly. 

Yimiiger  iiiitlieliuiu  :  in  the  deeper  parts  the  cells  are  more  deejily  stiiiiied  and  radiate  from  the 
centre. 

r.  Connective  tissue  forming  the  papilUe,  into  the  ramifications  of  which  it  is  prolonged. 
d.  Vessels  cut  obliciuely. 


of  the  prepuce  and  vulva,  and  are  usually  of  a  specific  origin.  They  may  also 
occur  on  the  mucous  membrane  of  the  mouth  or  soft  palate  (Fig.  ;}82),  and 
they  are  not  uncommon  in  the  larynx.  Warts  may  be  the  result  of  a  local 
in-itation,  but  in  many  cases  they  appear  to  depend  as  much  upon  some 
constitutional  condition. 

The  warty  growths  from  the  vulva,  as  the  result  of  gonorrhocal  irritation, 
may  reach  the  size  of  a  foetal  head.  Simple  cutaneous  warts  are  often 
pigmented,  being  of  a  bluish-black  colour.  In  these  the  papillas  may 
not  be  evident  to  the  naked  eye,  the  spaces  between  being  filled  up  with 
epithelium,  but  the  papillary  structure  is  readily  demonstrated  by  the  micro- 
scope. 

In  Condylomata  and  Mucous  Tubercles  the  enlarged  papillae  are  soft, 
md  contain  a  great  abundance  of  small  round  cells,  giving  evidence  of  their 
•apid  growth.    They  occur  about  the  anus  and  in  the  perinseiim  and  folds  of 
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the  nates,  as  well  as  occasionally  in  tiie  larynx  and  fauces.  They  are  always 
dependent  on  a  syphilitic  taint.  When  situated  on  the  mucous  membranes, 
tliey  are  often  pointed,  somewhat  pendulous,  nodulated  on  the  surface,  very 
vascular,  and  bleed  readily  when  touched  ;  but  when  they  occur  on  a  muco- 
cutaneous surface,  they  are  flattened,  expanded,  soft,  and  white,  constituting 
the  true  condylomata  or  mucous  tubercles. 

Some  forms  of  polypi  are  properly  classed  amongst  papillomata.  Thus  the 
simple  polypus  of  the  rectum  may  be  a  soft  papilloma  bearing  columnar  epi- 
thelium. In  some  rare  cases,  the  epithelium  has  Ijeen  found  to  be  scaly.  Tiie 
papilla3  may  branch  again  and  again,  the  peduncle  being  comparatively  small. 
It  is  difficult,  however,  to  draw  any  accurate  line  between  such  papillomata 
and  the  columnar  epithelioma  to  be  described  hereafter. 

The  common  form  of  villous  tiuuour  of  the  bladder,  frequently  described 
as  "villous  cancer,"  should  also  undoubtedly  Ijc  included  under  papillomata. 
This  tumour  is  composed  of  long  delicate  processes  floating  freely  in  the  cavity 
of  the  bladder,  attached  only  at  their  bases.  They  each  consist  of  a  dilated, 
capillary  loop,  surrounded  by  an  almost  homogeneous  connective  tissue,  con- 
taining a  few  scattered  round  or  oval  cells,  and  covered  with  an  epithelium  of 
an  irregular  shape,  often  resembling  spindle-cells  in  form,  and  similar  to  that 
naturally  lining  the  bladder.  This  epithelium  is  very  difficult  to  find,  as  it 
soon  separates  by  maceration  hi  the  urine  after  death.  The  base  from  which 
the  villi  grow  is  composed  merely  of  filn-oid  tissue  tunnelled  in  all  directions 
by  dilated  vessels.  These  tumours,  if  left  mirelieved,  invariably  terminate 
fatally  from  the  abundant  haemorrhage  to  which  they  give  rise,  and  the  efi'cct 
they  have  in  interfering  Avith  the  escape  of  urine  from  the  bladder  ;  but  they 
never  give  rise  to  secondary  deposits  nor  invade  surrounding  structures,  and  are 
consequently  non-malignant.  They  will  be  more  fully  described  under  diseases 
of  the  bladder. 

The  general  principles  of  Treatment  of  these  afiections  consist  in  their 
removal  by  excision,  hgature,  or  caustics,  according  to  their  size,  situation,  and 
attachments.  Excision  is  usually  preferable  when  they  are  of  large  size.  If 
they  are  seated  on  a  mucous  surface,  and  arc  pedunculated,  the  ligature  is  the 
safest  means  of  removal.  In  many  cases  Paquelin's  cautery  will  be  found  Ax-ry 
useful  in  removing  large  papillary  growths.  Small  A\  arty  growths  on  the  skiii 
or  on  a  muco-cutaneous  sm-face  may  be  conveniently  destroyed  by  caustics. 

The  term  "  polypus  "  may  perhaps  be  more  conveniently  defined  here  than 
elsewhere.  It  is  purely  clinical,  and  has  no  pathological  meaning.  It  merely 
means  a  tumour  growing  fi-om  the  mucous  surface  lining  a  cavity,  having  a 
distmct  peduncle  and  a  rounded,  oval,  or  papillary  form.  Thus  the  ordinary 
polypus  of  the  nose  is  usually  a  myxoma,  and  the  malignant  polypus  a  sarcoma. 
Polypus  of  the  uterus  is  a  fibroma  or  myofibroma,  and  polypus  of  the  rectum 
often  a  papilloma,  and  sometimes  a  form  of  cancer.  Simple  polj-pi  arc  usually' 
co\-ered  by  a  prolongation  of  the  mucous  membrane  from  which  they  grow. 
Thus  the  mucous  polypus  of  the  nose  is  coA  cred  by  a  membrane  bearing  ciliated 
epithelium. 

Adenoma.  Glandular  Tumours.  These  tumours  resemble  secretino- 
glands  in  structure.  Secreting  glands  are  racemose  or  tubular,  and  couse'^ 
quently  adenomata  are  divided  into  two  corresponding  classes. 

The  Tubular  Adenomata  are  composed  of  masses  of  tubules  resembliuf 
the  crypts  of  Lieberkiihn,  some  closed  and  some  open  ou  the  surface.  They 
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are  usually  papillaiy,  and  seated  on  some  parts  of  the  intestine.  They  often 
form  polypoid  tumours.  When  simple  and  with  Avell  marked  papilla),  they 
might  perhaps  be  more  properly  spoken  of  as  papillomata,  and  they  were 
('onsequcntly  mentioned  under  that  class.  When  showing  the  well  marked 
malignancy  so  common  to  these  growths,  they  are  classed  with  carcinomatit. 


Fig.  3S3. — Adenoma  of  Ar.iiniiia,  of  slow  growth  (ISS  diam.).  Stroma  bears  a  large  proportion  ti)  the  spaces, 
it  consists  of  well-fornieil  fibrous  tissue.    Tubes  contain  more  than  one  layer  of  epithelium. 

cither  under  the  name  of  columnar  epithelioma  or  adenoid  cancer.  They 
Avill,  therefore,  be  more  fully  described  hereafter. 

The  Racemose  or  Acinous  Adenomata  resemble  in  structure  more  or 
less  perfectly  a  racemose  gland,  and  are  found  always  in  connection  with  such 


Fig.  384.-  Adonoma  of  Munimn,  rapid  growth  (1S8  diam.).    This  is  sometimes  spoken  of  a.s  adeuosareoma  ; 
°  the  epithelium  in  the  acini  is  arranged  in  several  layers,  the  stroma  cont^iins  many  oval  cells  and  sonw 
fibres. 

organs  (Figs.  383,  384).  They  are  composed  of  rounded  or  irregular  spaces 
lined  with  a  peculiar  small  epithelium,  somewhat  square  or  rounded  in  form, 
and  frequently  many  layers  deep.  The  spaces  communicate  witli  each  other, 
either  directly  or  by  means  of  duct-like  channels.  The  acini,  which  arc 
more  or  less  widely  separated,  are  bound  together  by  fibrous  tissue,  bearing 
vessels,  and  containing  cells  varying  in  shape  and  number.    In  the  most 
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typical  foiTOs  the  cells  are  merely  such  as  are  seen  in  ordinary  connective 
tissues  ;  but  if  the  tumour  be  growiu":  rapidly,  large  numbers  of  small  round 
or  oval  cells  are  found  (Fig.  384).  Sometimes  the  tissue  between  the  acini 
may  be  composed  entirely  of  spindle-cells,  in  fact,  may  have  the  structure 
of  a  spindle-celled  sarcoma  ;  the  tumour  is  then  often  spoken  of  as  an  adeno- 
sarcoma.  Sometimes  tissue  resembling  that  of  a  myxoma  may  be  found. 
Very  frequently  the  acini  become  dilated  into  cysts,  varying  in  size  from  a 
pin's  head  to  a  walnut,  or  larger ;  this  forms  the  so-called  cystic  sarcoma  of 
the  mamma.  Not  unfrequently  in  such  cases  cauliflower-like  growths,  similar 
in  structure  to  tlie  rest  of  the  tumour,  may  be  found  projecting  into  the  cysts 
(intracystic  growths — proligerous  cysts  of  the  mamma).  These  tumours  arc 
infinitely  most  frequent  in  the  mamma,  but  they  are  sometimes  seen  in  con- 
nection with  the  jjarotid,  and  have  been  recorded  as  growing  from  the 
racemose  glands  of  the  soft  palate,  from  the  lachrymal  gland,  and  fi'om  the 
sebaceous  glands  of  the  skin.  In  the  parotid  they  are  often  mixed  with 
myxoma  and  enchondroma.  They  are  rounded  or  oval  in  shape,  i)erfectly 
circumscribed,  and  surrounded  by  a  fibrous  capsule.  They  are  hard  and 
elastic,  occasionally  presenting  points  of  fluctuation  when  containing  large 
cysts.  They  are  always  non-malignant,  and  there  is  no  reason  to  believe 
that  they  ever  assume  a  carcinomatous  character.  Their  clinical  features 
and  treatment  will  be  fully  discussed  in  the  chapters  on  the  diseases  of  the 
organs  in  which  they  occur. 

IV.— TUMOURS  COMPOSED  OF  TISSUE  WHICH  IS  EITHER  PURELY  EM- 
BRYONIC, OR  IS  UNDERGOma  ONE  OF  THE  PRIMARY  MODIFICATIONS 
SEEN  IN  THE  DEVELOPMENT  OF  ADULT  CONNECTIVE  TISSUE  :— 
SARCOMATA. 

The  large  group  of  tumours  now  classed  together  under  the  name  of  sarco- 
mata includes  many  which  were,  till  comparatively  recently,  known  by  a 
variety  of  other  names,  and  grouped  in  other  divisions  :  and  the  term  sarcoma, 
which  has  now  received  a  definite  meaning,  was  formerly  applied  to  almost  any 
soft  fleshy  growth.   Almost  all  soft  sarcomata  of  bones,  the  glioma  or  glio-sar- 
coma  of  the  eye,  sarcomata  of  secreting  glands,  and  lymphatics,  were  formerly 
called  soft  cancer  ;  the  melanotic  sarcoma, — melanosis  or  melanotic  cancer, , 
and  the  ossifying  sarcoma, — osteoid  cancer  ;  many  firm  sarcomata  have  been 
described  as  scirrhus,  and  soft  sarcomata  broken  down  bv  haimorrhao-e  as ; 
blood-cysts.    Lastly,  the  tumours  known  as  fibro-plastic,  fibro-nuclear,  recur-  • 
rent  fibroid,  malignant  fibroid,  and  myeloid,  have  all  been  brought  nito  the  ■ 
great  class  of  sarcomata.    These  tumours  may  grow  in  any  part  of  the  bodv. 
They  may  present  every  variety  of  consistence,  colour,  and  shape  ;  they  may 
be  circumscribed  or  diffuse  ;  they  may  be  as  innocent  as  a  fatty  tumour,  or  as  • 
malignant  as  the  worst  form  of  cancer.    The  anatomical  type  of  sarcoma  is- 
found  in  embryonic  tissue,  a  description  of  which  has  been  given  in  a  former  - 
page  (p.  9()4:).    Its  pathological  analogue  is  seen  in  the  products  of  inflamma-- 
tion,  but  between  these  and  sarcoma  are  many  differences.    The  products  off 
inflammation,  supposing  they  live,  show  a  tendency  towards  development  into  > 
some  more  perfect  tissue ;  but  in  a  sarcoma  the  older  parts  of  the  growth  show 
no  higher  development  than  the  most  recent,  the  same  type  of  structure  being 
as  a  rule  maintained  throughout.    Inflammatory  new  growths  tend  speedily  to 
limit  themselves,  sarcomata  to  gTow  indefinitely.    In  sarcoma,  the  individual 
elements  are  often  larger  than  those  seen  in  inflammation. 
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The  cells  of  saroouiata  vary  greatly  in  shape  and  size,  and  it  is  chiefly 
according  to  these  \  ariations  that  this  group  is  subdivided.  The  cells  consist 
simply  of  a  mass  of  protoplasm  surrounding  one  or  more  nuclei,  and  enclosed 
in  no  cell-wall.  They  may  be  small  and  round,  exactly  resembling  the  white 
corpuscles  of  the  blood,  or  large  and  i-ound,  looking  almost  like  epithelium- 
cells  ;  they  may  be  oval,  spindle-shaped  or  fusiform,  stellate  or  tailed ;  large 
mother-cells  crammed  with  nuclei  may  be  found,  and  occasionally  the  cells  are 
pigmented.  The  intercellular  substance  may  be  scanty  or  abundant,  homo- 
geneous or  fibrous,  but  whenever  it  is  recognizable  it  is  seen  to  penetrate 
between  the  individual  cells  in  the  greater  part,  if  not  in  the  whole  of  the 
tumour,  and  thus  a  broad  distinction  is  established  between  these  growths  and 
carcinomata,  in  which  the  stroma  forms  alveolar  spaces,  the  cells  lying  free 
within  them.  Occasionally  the  growth  may  ossify.  The  blood-vessels  of 
sarcomata  are  usually  abundant  and  thin-walled,  resembling  those  of  newly 
formed  granulations.  This  makes  these  tumours  prone  to  bleed,  both  into 
their  own  substance  and  externally,  and  may  perhaps  account  for  the  readiness 
with  which  many  sarcomata  propagate  themselves  in  the  direction  of  the  cir- 
culation. Of  the  lymphatics  of  sarcomata  we  know  little  or  nothing.  These 
growths  are  usually  prone  to  early  degeneration.  They  most  commonly  undergo 
fatty  degeneration  in  their  central  parts,  but  occasionally  they  may  calcify  ; 
mucous  softening  also  may  take  place.  "When  they  reach  the  surface  they  may 
slough  and  ulcerate,  forming  foul  cavities,  sometimes  of  great  size.  Cysts  are 
of  frequent  occuiTcnce  in  some  forms  of  these  tumours.  On  scraping  after  a 
section  has  been  made,  sarcomata  do  not  yield  a  milky  juice  when  fresh,  but 
after  about  twenty-four  hours  it  can  often  be  obtained.  Some  sarcomata  are 
distinctly  circumscribed  and  enclosed  in  a  fibrous  capsule,  others  infiltrate  sur- 
rounding parts  like  the  carcinomata.  Sarcomata  are  most  frequent  in  youth 
and  middle  life.  As  a  rule,  it  may  be  said  that  sarcomata  infect  the  system 
generally  through  the  medium  of  the  blood-vessels,  while  carcinoma  is  dissemi- 
nated chiefly  by  the  lymphatic  system.  This  rule  has  many  exceptions,  yet 
nothing  is  more  common  than  to  see  secondary  gro^vths  of  sarcoma  in  the 
lungs,  liver,  and  other  organs,  without  the  lymphatic  glands  having  ever  been 
alfected.  The  reverse  is  certainly  the  rule  in  carcinoma.  It  may  be  broadly 
stated  also  that,  the  more  closely  a  sarcoma  approaches  to  fully  dcA'eloped 
connective  tissue  in  its  structure,  the  less  likely  it  is  to  jDrove  malignant ;  but 
this  rule  is  not  free  fi'om  exceptions.  Sarcomata  vary  greatly  in  their  rate  of 
growth,  some  proving  fatal  in  less  than  a  year,  others  lasting  many  years  with- 
out attaining  any  considerable  size.  Sarcoma-tissue  sometimes  occurs  mixed 
with  other  kinds  of  growth. 

Yarieties  of  Sarcoma. — Small-Round-celled  Sarcoma.  Granulation 
Sarcoma.  Encephaloid  Sarcoma.— These  tumours  were  formerly  included 
among  soft  or  encephaloid  cancers.  They  resemble  in  structure  the  superficial 
layers  of  granulations,  being  composed  of  small  round  cells  about  the  size  of  a 
white  blood-corpuscle,  or  a  little  larger,  each  containing  a  round  or  oval 
nucleus,  and  embedded  in  a  homogeneous  intercellular  substance  (Fig.  385). 
Sometimes  the  intercellular  substance  is  scarcely  perceptible,  sometimes  it  is 
more  abundant,  as  in  the  accompanying  figure.  It  may  be  more  or  less  dis- 
tinctly fibrillated.  The  tumour  may  thus  closely  resemble  a  lymphadenoma, 
but  on  careful  examination  the  stroma  will  be  found  not  to  be  so  clearly  reti- 
cular.   These  tumours  are  soft,  sometimes  even  pulpy,  and  grey  or  whitish  in 
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colour.  They  veiy  often  infiltrate  surrounding  parts.  They  arc  excessively 
vascular,  and  often  present  scattered  patches  of  hjfimorrhage  or  cysts  resulting 
from  extravasation  of  blood.  They  yield  no  milky  juice  when  quite  fi-esh,  hut 
when  decomposition  sets  in,  it  can  easily  be  obtained  by  pressure  or  scraping. 
Their  chief  seats  are  the  skin,  bones,  sul)cutaneous  areolar  tissue,  muscles, 
and  occasionally  in  glands.  Their  diagnosis  cannot  be  accurately  made  till 
after  removal.    They  show  a  malignancy  equal  to  that  of  the  worst  cancers. 
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Fig.  ;58.j. — Rfiund-ccUcd  Sarcoma,  from  a  large 
tumonr  in  the  muscles  rouiul  the  uiiiier  end 
<if  the  femur  (tSS  diam.)-  The  cells  vary 
in  size  and  have  a  very  clear  nuelens  and 
ii\icleol\is  ;  the  matrix  which  lias  shi-unlj  away 
frnm  the  cells  is  faintly  granular: 


Fig.  886. — Siiindle-cellcd  Sarcoma,  from  suli- 
cutaneous  tissue  of  groin  (ISS  diam.). 
Cells  of  medium  size  ;  no  intercellular 
libres. 


Their  growth  is  rapid,  and  they  early  gi\-e  rise  to  secondary  deposits,  especially 
in  the  lungs,  and  the  lymphatic  glands  are  frequently  afi'ected. 

One  form  of  small  round-celled  sarcoma  has  been  described  by  Yirchow 
under  the  name  of  Glioma,  from  its  resemblance  in  structure  to  the  neuroglial 
or  connective  tissue  of  the  brain.    It  is  composed  of  an  excessively  delicate 
areolar  stroma,  having  round  cells  embedded  in  its  meshes.  These  tumours  vary 
much  in  consistence,  being  sometimes  soft  and  sometimes  quite  firm.  They 
occur  almost  invariably  in  connection  with  the  nerves  or  nervous  centres.  The 
tumour  formerly  known  as  soft  cancer  of  the  eyeball  is  in  fact  a  glioma  arising : 
from  tlie  retina.    It  is^most  common  in  young  children,  and  frequently  runs  ai 
malignant  course,  projecting  beyond  the  eyeball,  infiltrating  surrounding  parts, . 
and  gi\Tng  rise  to  secondary  deposits. 

Spindle-celled  Sarcoma.  Fasciculated  Sarcoma.  Recurrent  Fibroidl 
Tumour.  Pibro-plastic  Tumour.   These  tumours  are  composed  of  spindle-- 
slia]3cd,  fusiform,  or  oat-shaped  cells,  either  lying  closely  in  contact  with  each 
other  or  separated  by  a  homogeneous  or  fibrous  intercellular  suljstance 
(Fig.  :)8G).    The  cells  vary  greatly  in  size  in  ditterent  tumours,  but  are  usually 
tolerably  equal  in  the  same  growth.    They  may  be  little  more  than  xoVotli: 
inch  in  length,  or  they  may  reach  entirely  across  the  field  of  the  microscope.. 
This  has  given  rise  to  the  distinction  between  large  and  small  spindle-celled  1 
sarcomata.  The  intercellular  substance  is  usually  more  abundant  and  more  fully, 
developed  into  fibrous  tissue  in  the  small  than  in  the  large-celled  growths ; : 
and  it  is  the  former,  therefore,  that  gradually  merge  into  fibromata,  so  that  it 
is  often  difficult  to  determine  under  which  heading  to  class  them,  and  some- 
Avriters  have  given  them  the  name  fibro-sarcoma.    All  s])indle-cells,  large  or- 
small,  contain  an  oval  nucleus  with  one  or  more  nucleoli.  The  cells  are  usuallyv 
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arranged  in  bands  crossing  each  other  in  varions  directions,  often  giving  the 
growth  a  fasciculated  or  fibrous  appearance,  and  if  a  band  happens  to  be  cut 
transversely  it  presents  the  appearance  of  a  group  of  small  rouiul  cells.  The 
vessels,  as  in  other  sarcomata,  are  abundant  and  thin-walled. 

The  small  spmille-rdled  sarcomala  are  usually  firm  in  consistence,  and  of  a 
pinkish  or  white  colour,  the  central  parts  being  yellow  from  fatty  degeneration. 
Occasionally  they  contain  cysts  filled  with  straw-coloured  fluid,  and  they  may 
closely  resemble  in  aspect  the  common  fibroid  tumour.  They  grow  by  prefer- 
ence in  fibrous  structui'es,  as  fasciiv;,  skin,  or  tendons  ;  they  may  occur  in  inter- 
muscular spaces,  or  occasionally  in  the  sheaths  of  nerves.  Thus  I  amputated 
a  leg  a  few  years  ago  for  a  large  tumour  of  this  kind  seated  on  the  posterior 
tibial  nerve.  Though  these  tumours  are  usually  distinctly  circumscribed  and 
sometimes  encapsuled,  and  run  a  perfectly  innocent  course,  in  many  cases 
they  show  an  extraordinary  tendency  to  local  recurrence  after  removal  ;  but  it 
is  rare  for  them  to  give  rise  to  secondary  deposits  in  internal  organs.  Paget 
describes  these  growths  under  the  name  of  recurrent  fibroid  iuniours,  and 
relates  several  instances  of  them.  One  was  a  tumour  of  the  upper  part  of  the 
leg,  which  between  1840  and  the  end  of  1848  had  been  removed  five  times, 
and  reappeared  for  the  sixth  time  after  the  last  operation,  when,  as  it  had 
become  large  and  ulcerated,  amputation  was  deemed  advisable ;  this  procedure, 
however,  was  followed  by  death.  The  examination  of  the  third  tumour  pre- 
sented "  very  narrow,  elongated,  caudate,  and  oat-shaped  nucleated  cells,  many 
of  which  had  long  and  subdix'ided  terminal  processes  ; "  in  the  last  removed 
tumour,  the  cells  were  generally  filled  with  minute  shining  molecules,  as  if  fatty 
degeneration  had  taken  place.  In  another  case,  a  tumour  of  the  shoulder  had 
been  removed,  and  returned  four  times  between  May,  1848,  and  December, 
184i),  reappearing  in  the  following  year  for  the  fifth  time  ;  it,  however,  after  a 
time  became  stationary,  and  many  years  afterwards  the  patient,  but  for  the 
presence  of  the  tumour,  might  be  considered  to  be  a  strong  and  healthy  man. 
Paget  relates  also  a  case  in  which,  between  18^39  and  1801,  Syme  removed  a 
tumour  of  this  kind  fi\'e  times  from  the  upper  pait  of  the  chest :  it  recurred  a 
sixth  time  and  was  followed  by  death.  He  refers  also  to  a  case  by  Gluge,  in 
which  a  similar  tumour  was  five  times  removed  from  the  scapula,  its  sixth 
i-eappearance  being  followed  by  death.  The  most  interesting  of  all  is  a  case 
by  ^laclagan,  in  which  four  removals  were  performed  in  the  course  of  thirty- 
six  years,  twenty-three  years  intervening  between  the  second  and  third 
removals,  and  eleven  between  the  third  and  fourth.  Since  this  form  of  tumour 
was  first  described  by  Paget,  a  number  of  instances  have  been  recorded  by 
IJritish  and  continental  Surgeons.  These  recurrent  tumours  appear  to  become 
more  malignant  in  the  later  than  in  the  earlier  recurrences,  becoming  more 
painful,  rapidly  degenerating,  and  giving  rise  to  an  ulcerating  fungus,  which 
eventually  proves  fatal  by  exhaustion  and  hasmorrhage.  The  cells  will  then  be 
found  to  have  become  larger,  and  the  intercellular  substance  softer  and  devoid 
of  fibrillation  ;  and,  in  fact,  they  merge  into  the  large-celled  form  of  spindle- 
celled  sarcoma.  This  is  clearly  shown  by  a  case  which  occurred  under  my 
care  at  University  College  Hospital.  A  tumour  as  large  as  a  full-sized  turnip 
was  removed  from  the  shoulder  of  a  middle-aged  man,  and  was  found  to  be 
slightly  connected  with  the  spine  of  the  scapula.  On  examination  it  presented 
alAhe  characters  of  a  spindle-celled  sarcoma,  consisting  almost  entirely  of 
densely-packed  fusiform  cells,  with  oval  or  oat-shaped  nuclei.    A  small  mass 
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reai)peared  before  the  wound  had  completely  healed,  and  on  examination  pre- 
sented a  mucli  laro-er  proportion  of  o\-al  cells  and  spindle-cells,  now  having 
double  nuclei.  It  recurred  a  second  time,  and  now  but  few  well-formed 
spindle-cells  were  found,  but  the  tumour  was  chiefly  composed  of  o^•al  and 
flask-shaped  cells,  or  rather  masses  of  jn-otoplasm,  in  which  numerous  nuclei 
were  embedded.  A  portion  of  the  spine  of  the  scapula,  Avhich  was  remov  ed 
with  the  tumour,  showed  that  the  growth  had  sprung  fi'om  the  cancelloiis 
tissue  of  the  bone. 

Large  spindlc-celkd  sarcomata,  formerly  often  spoken  of  as  fibro-plastic 
tumours,  are  much  softer  than  the  variety  last  described.  They  are  usually  of 
a  pinkish  colour,  frequently  stained  dark -red  in  parts  from  extravasations  of 
blood,  and  if  of  any  size,  their  central  parts  are  opaque  and  yellow  from  the 
effects  of  fatty  degeneration.  They  yield  more  or  less  transparent  viscid  juice 
on  scraping,  mixed  with  fragments  of  the  growth.  They  may  be  distinctly 
circumscribed  and  encapsuled,  but  not  infrequently  they  invade  surrounding 
parts.  They  often  contain  cysts  of  some  size,  sometimes  filled  with 
straw-coloured  fluid  and  sometimes  with  blood  or  a  blood-coloured  liquid. 
These  tumours  form  frequently  in  connection  with  bones,  especially  commenc- 
ing under  the  periosteum  of  the  shafts  of  long  bones  or  about  the  bones  of  the 
face  or  nose.  A  few  years  ago  I  amputated  a  thigh  at  the  hip-joint  in  Univer- 
sity College  Hospital,  for  a  large  tumour  of  this  kind  growing  beneath  the 
periosteum  of  the  femur  ;  and  in  another  case  the  arm  was  removed  by  Heath 
for  a  similar  growth.  Both  had  caused  spontaneous  fracture  of  the  bone,  and 
both  ultimately  proved  fatal  from  internal  deposits.  These  tumours  when 
aflPecting  bone,  must  not  be  confounded  with  the  myeloid,  which  they  closely 
resemble.  Large-sjDindle-celled  sarcomata  grow  also  from  fascite  and  inter- 
muscular spaces,  and  not  unfrequently  from  glands,  especially  the  mamma  ;  and 
they  may  be  fomid  in  rare  cases  in  almost  any  situation.  They  very  often  run 
a  malignant  course,  giving  rise  to  secondary  deposits  in  internal  organs. 
Their  tendency  to  local  recurrence  after  removal  is  very  great. 

From  what  has  been  said  above,  it  will  be  seen  that  the  spindle-celled 
sarcomata  form  a  very  large  and  important  group  of  tumours,  ^'arying  greatly 
in  clinical  characters  and  structure,  but  all  resembling  each  other  in  the  broad 
feature  of  the  spindle  cell  forming  the  predominant  element.    As  to  their 

jrrof/noais,  it  may  be  l)roadly  stated  that  the  more 
they  approach  the  structure  of  the  spindle-celled 
growth  found  in  cicatrizing  wounds,  the  less  likely 
they  are  to  give  rise  to  general  infection  of  the 
system  ;  but  that  even  the  simplest  may  recur 
locally  after  removal,  and  consequently  too  guarded 
a  prognosis  cannot  l)e  given  in  such  cases. 
.,  ,  Oval-celled  Sarcoma  (Fig.  387)  may  be  looked 

^^^ej  ^  iipon  as  merely  an  extremely  rapidly  growing  and 

malignant  spindle-celled  tumour.  Thus  we  saw  in 
the  case  above  mentioned,  that,  as  the  rapidity  of  the 
growth  increased  with  each  recurrence,  the  spindle- 
cells  became  replaced  by  large  oval  cells  with  two  or  more  nuclei.  But  similar 
growths  may  occur  primarily.  They  are  soft,  rapidly  growing,  rarely  com- 
pletely circumscribed.  They  [are  of  a  delicate  pinkish  colour,  and  yield  an 
abundant  slimy  all)uminous  fluid  on  section,    I  have  twice  had  occasion  to 
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remove  such  growths  from  tlie  neighbourhood  of  the  mamma.  lu  one  case 
it  recurred  locally  after  the  wouud  had  healed,  and  in  a  short  time  formed 
an  enormous  tumour,  larger  than  the  patient's  head.  She  refused  a  second 
operation,  and  the  case  soon  terminated  fatally.  In  the  other,  although  a 
large  portion  of  the  pectoral  muscle  was  removed  with  the  tumour,  it 
recurred  before  the  wound  healed,  and,  in  spite  of  the  free  application  of 
caustics,  grew  with  enormous  rapidity,  in  a  few  weeks  forming  a  fungatiug 
mass  as  large  as  a  f(ctal  head. 

Myeloid  or  Giant-celled  Sarcoma  was  formerly  often  classed  under 
fibro-plastic  tumours,  and  sometimes  prol)ably  as  soft  cancer,  Tt  was  described 
by  Abernethy  under  the  name  of  "  albuminous  sarcoma."  It  ^^'as  first  fully 
described  by  Lebert,  and  its  clinical  and  anatomical  characters  have  been  care- 
fully investigated  by  Paget,  It  is  nearly  related  to  the  spindle-celled  group 
of  sarcomata. 

The  most  characteristic  feature  of  myeloid  tumours  is  the  presence  of  large, 
many-nucleated  masses  of  protoplasm — the  so-called  myeloid  cells — somewhat 
resembling  the  cells  found  in  the  marrow  of  foetal  bones  (Figs.  088,  389). 
They  are  often  of  great  size,  sometimes  xJoth  or  even  -J^th  inch  in  diameter, 
and  extremely  irregular  in  shape,  having  processes  projecting  from  them  in  all 


directions.  The  nuclei  vary  from  eight  or  ten  to  thirty  or  forty  in  number, 
and  arc  oval  in  shape,  with  distinct  and  highly  refracting  nucleoli.  These 
myeloid  cells  arc  embedded  in  masses  of  spindle-shaped  or  roundish  cells, 
between  which  there  is  either  no  intercellular  substance,  or  merely  a  small 
quantity  of  homogeneous  gelatinous  material.  These  growths  are  extremely 
vascular  ;  so  much  so,  that  the  whole  mass  may  pulsate  distinctly.  Myeloid 
tumours  frequently  contain  cysts,  often  of  considerable  size.  On  section 
they  present  a  soft  gelatinous  appearance  and  brittle  structure  ;  they  usually 
yield  a  slimy  fluid  on  scraping,  mixed  with  fragments  of  the  tumour  ;  they  arc 
of  a  pink  colour  at  their  growing  margin,  while  the  central  parts  arc  of  an 
opaque  yellow  from  fatty  degeneration.  The  intermediate  parts  usually 
present  patches  of  a  dark  maroon  colour,  caused  by  extravasations  of  blood. 
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OccasioiiuUv  patelics  of  ossification  may  be  found.  Myeloid  tumours  groA. 
almost  exclusively  fi-om  bone,  and  by  far  most  frequently  from  the  medullary 
cavity  or  cancellous  tissue  at  tbe  head  of  a  long  bone.  They  attain  to  a  large 
size,  sometimes  slowly  and  gradually,  and  at  other  times  with  very  great 
.  rapidity.    The  growth  gradu- 

ally causes  absorption  of  the 
bone,  but  at  the  same  time  a 
new  deposit  takes  place  from 
the  periosteum,  so  that  the 
tumour  is  enclosed  in  a  thin 
bony  shell,  which,  on  pressure, 
yields  the  pecuUar  sensation 
known  as  an  "  egg-shell  crack- 
hng."  On  reaching  a  carti- 
lage-covered surface  it  pushes  the  cartilage  before  it,  but  rarely  if  ever  per- 
forates it.  On  examination  of  such  a  tumour  after  removal,  a  bony  plate 
will  frequently  be  found  separating  it  from  the  medullary  canal.  In  other 
cases  it  may  extend  a  long  distance,  infiltrating  the  medulla.    J\Iyeloid  tumours 

are  most  common  .  at  the  lower 
end  of  the  femur,  the  upper  end  of 
the  tibia,  and  the  upper  end  of  the 
humerus.  They  also,  when  growing 
from  the  jaw-bones;  form  one  va- 
riety of  epulis.  I  have  removed 
them  from  the  lower  end  of  the  ra- 
dius, and  fi-om  the  metacarpal  bones 
(Figs.  oDO,  o'.»l).  In  the  majority 
of  cases  they  may  be  safely  removed 
without  the  prospect  of  recurrence, 
but  occasionally  they  return  after 
removal.  The  true  myeloid  rarely, 
if  ever,  gives  rise  to  secondary  de- 
posits in  the  lymphatic  glands  or  internal  organs.  Myeloid  tumours  are  said 
to  have  been  seen  in  the  parotid  region  and  the  mamma,  but  this  is  douljtful. 

Ossifying   and  Osteoid  Sarcomata. — These   tumours  were  formerly 
classed  amongst  the  cancers,  under  the  name  of  osteoid  cancer.    Almost  any 
form  of  sarcoma  may  undergo  ossification.    Thus  round-celled,  spindle-celled, 
and  myeloid  sarcomata  may  occasionally  show  abundant  formation  of  bone. 
The  development  of  bone  in  these  growths  seems  to  give  rise  to  no  radical 
change  in  their  nature.   They  still  show  the  same  tendency  to  unlimited  growth 
and  sometimes  the  same  liability  to  recur  locally  or  to  give  rise  to  secondary 
deposits  in  distant  parts.    The  secondary  deposits  develope  bone  like  the 
original  growth.    The  bony  parts  of  these  tumours  usually  present  the  appear- 
ances of  true  bone,  but  somewhat  irregular  in  structure.    Occasionally  tumours 
growing  from  bone  are  met  with,  which  present  the  structure  of  the  growing 
tissue  found  beneath  the  periosteum  in  inflammation  or  in  normal  growth  ;  that 
is  to  say,  small  round  or  polygonal  cells  with  simple  or  multiple  nuclei,  sepa- 
rated by  a  small  amount  of  homogeneous  or  fibrillated  intercellular  substance. 
These  gTowths  readily  ossify  ;  they  form  under  the  periosteum,  and  the  bone 
beneath  is  often  thickened,  so  that  the  medullary  canal  may  j)e  obliterated. 


Fig.  301.— J[yeloi(l  Tuinour  of  the  Mctiicai  iial  Bones  of 
the  Index  and  JliiliUe  Fin^'ers.  Successful  Removal 
of  those  Bones  and  Finyers. 
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They  show  a  considerable  tendency  to  local  recurrence  after  romo\  al.  In  rare 
cases,  ossifying  sarcomata  are  found  unconnected  with  pre-existing  bone. 

Alveolar  and  Large  Round-celled  Sarcoma. — In  these  rare  tumours, 
which  were  first  clearly  described  by  Billroth,  the  cells  are  of  considerable  size, 
sharply  defined,  and  each  containing  a  large  round  nucleus  (Fig.  iV.)-2).  They 
thus  closely  resemble  epithelium-cells  in  appearance.  They  arc  separated  from 
each  other  by  a  distinct  and  somewhat  abundant  fibrous  stroma,  but  on  careful 
examination  this  stroma  will  be  found  to  penetrate  between  the  individual  cells. 
In  some  parts,  probably  from  the  pressure  of  the  growing  cells,  the  stroma  may 
1)0  partially  absorbed,  so  that  the  cellular  elements  seem  to  lie  in  alveolar 
spaces  in  immediate  contact  with  each  other,  but  further  examination  of  the 
tumour  will  always  show  parts  where  the  stroma  and  cells  are  closely  inter- 
mixed. On  carefully  pencilling  out  the  cells  from  a  thin  section,  a  delicate 
■stroma  is  brought  into  view,  passing  between  the  individual  cells  and  sub- 
di\iding  the  spaces  formed  by  the  bands,  which  give  the  growth  its  alveolar 
iind  cancer-like  appearance.  In  some  cases,  howevei-,  the  distinction  between 
these  tumours  and  scirrhus  is  very  difficult.  Alveolar  sarcomata  occur  cliiefiy 
in  the  cutis,  bones,  and  muscles. 
In  the  cutis  they  form  hard  rounded 
tumours,  often  multiple,  of  tolerably 
slow  growth,  and  fi-ee  fi'om  pain. 
They  lead  ultimately  to  ulceration  of 
the  skin  and  the  formation  of  an 
intractable  sore.  In  the  bones,  they 
are  more  often  single  and  of  more 
rapid  growth.  Three  cases  affecting 
the  cutis  have  occurred  in  Univer- 
sity College  Hospital  during  the  last 
few  years.  In  the  first,  three  ampu- 
tations were  jierfonned  for  recur- 
rence of  the  growth  after  removal, 

by  Christopher  Heath,  commencing  with  one  finger  and  endin.<>- 
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A.  To  show  giMicval  iiiTaiii;PiiU'iit. 
H.  After  proldiirrtMl  iii-ncilliiig  sliow 
lis  well  as  the  alvi'iilar  stiniiia. 
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fore-arm.  The  tumour,  when  first  removed,  Avns  su])poscd  to  be  a  specimen 
of  scirrhus  of  the  skin.  Finally  similar  tumours  a]i])eared  in  the  cheek  and 
scalp,  and  two  more  operations  were  performed.  The  man  died  shortly 
afterwards,  and  there  was  reason  to  believe  that  the  cause  of  death  Mas  a 
similar  growth  in  the  lung.  The  whole  history  of  the  c.ise  lasted  more  than 
seven  years,  and  at  no  time  had  the  lym])hatic  glands  lieen  alfected.  In  the 
second  case,  Berkeley  Hill  amputated  the  leg  for  a  number  of  similar  tumours 
situated  below  the  knee,  from  one  of  which  the  accompanying  drawing  is 
taken  ;  and  in  the  third,  Marcus  Beck  amputated  half  the  foot  for  a  similar 
o-rowth,  which  commenced  at  the  roots  of  the  second  and  third  toes,  and  had 
recurred  three  times  after  removal. 

Flexiform  Sarcoma  or  Cylindroma. — A  rare  form  of  tumour  has  been 
described  by  Billroth,  Sattler,  and  others,  under  this  name.  It  consists  of 
small  cells  of  a  polygonal  form  arranged  in  cylinders  conmumicating  with  each 
other  in  a  plexiform  manner,  between  which  is  a  \  arying  quantity  of  hyaline, 
or  finely  fibrillar  connective  tissue.  Knob-like  projections  or  globe-like  masses 
of  the  cells  are  also  met  with.  The  individual  cells  are  in  immediate  contact 
with  each  other,  without  any  a])parent  intercellulai-  substance.    The  pecuhar 
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uppearaiices  arc  supposed  to  be  due  to  a  hyaline  or  mucoid  degeneration  of  the 
walls  of  the  vessels  and  the  neighbouring  cells  of  the  tumour.  The  remaining 
cells  are  squeezed  together,  and  thus  assume  the  fomi  of  columns  of  polygonal 
cells.  Much  doubt  exists,  however,  as  to  the  exact  mode  of  origin  of  these 
growths.  At  first  sight  a  section  of  a  plexiform  sarcoma  closely  resembles 
that  of  an  epithelioma,  but  a  careful  examination  with  a  high  power  shows  its 
true  nature.  The  tumours  seldom  reach  any  great  size.  They  arc  soft  and 
gelatinous,  and  of  a  dirty  white  colour.  They  are  most  connnonly  met  with 
in  the  brain,  the  orbit,  and  sometimes  in  the  salivary  glands.  Butlin  has 
recorded  a  case  in  which  the  tumour  formed  in  the  popliteal  space.  It  recurred 
after  removal,  and  its  true  sarcomatous  nature  was  shown  by  the  fact  that  the 
recurrent  growths  assumed  the  form  of  the  ordinary  round-celled  sarcoma. 

Melanotic  sarcoma  is  usually  of  the  spindle-celled  variety,  but  fre- 
quently contains  large  numbers  of  round  or  oval,  intermixed  Avith  the  fusi- 
form  cells  (Fig.  304).  The 
spindle-cells  are  of  large  size, 
and  there  is  no  fibrous  stroma 
between  them.    The  'pigment 
is  seen  as  brownish  granular 
matter  in  the  interior  of  a  cer- 
tain number  of  the  cells,  the 
rest  remaining  colourless.  The 
proportion  of  coloured  cells 
varies  in  different  specimens. 
In  the  secondary  tumours,  it 
has  been  shown  by  II.  J.  God- 
lee  that  the  new  cells  follow 
the  lines  of  the  vessels.  These 
tumours   are  usually  sharply 
circumscribed,    both    to  the 
naked  eye  and  the  microscope. 
They  are  soft,  sometimes  almost 
pulpy,  round  or  oval  in  shape, 
and  varying  in  colour  from 
dark  brown  to  the  most  in- 
tense black.    They  arise  es- 
peciall}'  from    structures  in 
which  pigment  naturally  exists,  namely,  the  skin  (  Fig.  393)  and  choroid  coat  of 
the  eye  (Fig.  305).    They  may,  however,  occasionally  arise  primarily  in  the 
lymphatic  glands.    They  are  of  rapid  growth,  and  occur  usually  in  middle 
life.    Melanotic  sarcoma  is  one  of  the  most  malignant  of  all  forms  of 
tumour.    The  secondary  deposits  occur  in  every  organ  and  tissue  in  the 
body,  and  they  may  apijarently  be  propagated  entirely  by  the  vascular  system, 
the  lymphatic  glands  escaping  any  contamination,  or  they  may  be  distributed 
by  both  the  vascular  and  the  lymphatic  systems.    It  may  be  broadly  stated 
that  if  a  melanotic  sarcoma  reach  the  size  of  a  filbert  secondary  deposits  have 
in  all  ]M-obability  occurred,  and  no  local  treatment  can  cure  the  patient, 
although,  by  relieving  him  of  one  source  of  infection,  it  may  retard  death. 
Although  showing  this  terrible  general  mahgnancy,  the  local  malignancy  of 
melanotic  sarcoma  is  not  gi-eat.    It  may  reach  a  large  size  without  ulceratino-; 


Fijr.  :;0.'>. — Melniiotic  Sfircoma  coiniiipiiciiig  in  the  Pa]iillii'  of 
the  Skill  (M.iliKiuiiit  Jlnle).    (40  tliiuii.) 
(I.  Supt'i'liciiil  ciiiiliTiiiis. 

/).  J)(!e])('r  l.-iycrs  of  Epiileniiis,  \vliich  is  deticieiit  to  the 

riglit  of  tlic  (Inuviiig. 
c.  Prfiloiigatioii  of  tlie  Kiiidt'i'iiiis  into  tlie  contre  of  tlic 

growth. 

iL  Sarcoma  tissue, cliieflynon-pignientccl  but  with  scattered 

iiielanotii-  patclips. 
e.  Connective  tissue  round  the  tninimr  infiltrated  witli 

siJiall  round  cidls. 
/.  Surnmiidiiig  connective  tissue  witli  vessels. 


SARCOMATOUS  BLOOD-CYSTS. 


1005 


it  is  frequently  distinctly  encapsuled,  nnd,  if  removed  freely,  often  does  not 
return  m  the  scar.  The  secondary  tumours  form  in  every  part  of  the  body  ; 
constantly  in  the  hings  and  Hver,  almost  constantly  in  the  brain  and  spiilal 
cord,  spleen,  kidneys,  and  subcutaneous  tissue  ;  very  often  in  the  heart, 
intestines,  medulla  of  bones,  and  lymphatic  glands.  Like  the  cells  of  the 
primary  tumour,  some  of  the  secondary  growths  are  found  to  be  pigmented 
and  some  not.  The  diaijnosis  of  melanotic  sarcoma  is  made  by  the  colour  and 
rapidity  of  the  growth.  It  must  not  be  confounded  with  the  simple  pigmented 
wart.    This  is  always  of  slow  growth,  more  or  less  firm,  pedunculated  and 


Fig.  304. — Melanotic  Sareoma,  from  a  Secondary  Tumour 
in  the  Hoart.  Figure  to  left  (188  diani.)  sliows 
the  different  degrees  of  iiigmentntioii  and  variety  of 
shape  in  the  different  cells.  Figure  to  right  (4.')4 
diain.).  From  a  fresh  scraping,  illustrates  the  differ- 
ences in  the  size  of  the  i>iguient-granules. 


Fig.  30,j. — Melanotic  Sarcoma  of  Rye- 
natural  size.  The  eye  lias  been  divided 
in  tlie  antero-|)()sterior  diameter.  The 
tumour  started  from  the  choroid  and 
afterwards  hurst  tlu-inigli  the  sclerotic. 


lobulated.  It  must  be  remembered,  however,  that  melanotic  sarcoma  may 
start  from  a  wart  of  this  kind,  or  from  a  congenital  mole.  As  to  true 
melanotic  cancer,  that  is  to  say,  pigmented  encephaloid  or  e]")ithelioma,  it  is 
doubtful  if  such  a  growth  exists,  at  any  rate,  it  must  be  of  extreme  rarity. 
The  only  Treatment  of  melanotic  sarcoma  is  the  immediate  removal  of  the 
tumour,  unless  secondary  deposits  can  already  be  recognized. 

Fsammoma  is  a  rare  form  of  tumour  found  only  in  connection  with  the 
membranes  of  the  brain.  The  chief  characteristic  of  these  growths  is  the 
presence  of  small  concentric  calcareous  globules,  the  so-called  "brain-sand." 
They  are  composed  chiefly  of  peculiar  flattened  cells.  They  give  I'ise  to  no 
symptoms,  except  in  infinitely  rare  cases. 

Sarcomatous  Blood-cysts,  or  Haematomata. — Tumours  have  been  fre- 
quently described  under  the  name  of  "blood-cysts,"  of  which  the  most 
characteristic  feature  is  the  presence  of  a  large  collection  of  fluid  or  partly 
coagulated  blood  in  a  cyst,  the  walls  of  which  are  imperfectly  defined.  If 
the  blood  be  evacuated  by  puncture  or  incision,  free  hajmorrhage,  diflicult  to 
control,  or,  at  least,  speedy  re-accumulation  of  the  fluid,  is  the  only  result. 
If  seated  on  a  limb,  free  excision  of  the  cyst  and  its  contents,  or  amputatioii, 
was  justly  looked  upon  as  the  only  mode  of  treatment  holding  out  any  prospect 
of  success.  The  nature  of  these  tumours  was  not  well  understood ;  it  has, 
however,  recently  been  shown  that  in  all  probability  they  are,  in  the  great 
majority  of  cases,  soft  sarcomata,  broken  down  by  htemorrhage  into  their 
structure.  The  walls  of  these  cysts  arc  formed  of  a  thin  layer  of  sarcoma- 
tissue,  either  of  the  round  or  spindle-celled  variety.    A  very  interesting  case 
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of  this  kind  came  uiidor  my  care  in  Uuiversity  College  Hospital  in  1874.  A 
healthy  man,  aged  4(  i,  had  noticed,  for  about  nine  months,  a  soft  swelling  on  the 
upper  and  outer  part  of  the  leg,  which  he  attributed  to  a  strain.  It  fluctuated 
distinctly  ;  and  Avhen  I  first  saw  it,  a  dark  red  fluid  was  oozing  from  two  dis- 
coloured'])oints.  It  was  altogether  about  three  inches  in  diameter,  and  of  a 
dark  purple  colour.  It  had  previously  to  admission  been  treated,  first  by  the 
])assage  of  a  seton,  and  secondly,  by  being  laid  open  and  dressed  from  the 
bottom;  \\\\\d\  latter  treatment  had  been  repeated  twice.  On  both  occasions  it 
Avas  reported  that  nothing  but  blood  escaped.  I  laid  the  tumour  freely  open, 
and  turned  out  a  large  quantity  of  what  was  apparently  ordinary  blood-clot 
and  then  dissected  away  the  cyst-wall.  The  supposed  blood-clot  was  found,  on 
nn"croscopic  examination,  to  be  composed  of  a  mixture  of  the  cells  of  a  round 

and  s])indle-celled  sarcoma,  with  coagulated 
blood  (Fig.  30 (i).  The  wall  of  the  cyst  was 
found  to  be  composed  of  pure  sarcomatous 
tissue.  The  growth  recurred  before  the 
wound  was  completely  closed,  and  amputa- 
tion at  the  knee-joint  was  performed,  the 
})atient  making  a  good  recovery. 

Mixed  Sarcomata. — Tumours  are  fre- 
quently seen  which  combine  in  themselves 
structures  properly  belonging  to  two  or  more 
distinct  forms  of  growth.  Several  of  these 
have  been  already  mentioned.  Thus  the 
growths  standing  on  the  doubtful  line 
between  small  spindle-celled  sarcoma  and 
fibroma,  are  spoken  of  as  Jihro-sai-comaia. 
In  very  rare  cases  some  of  the  cells  of  a  sarcoma  may  de^  elope  into  true 
fat-cells  ;  we  liaA  C  then  the  lipo-sarcoma.  Spindle-celled  or  small  round-celled 
tissue  is  not  unfrequently  associated  with  cartilaginous  tumours,  forming  the 
cliondro-sarcoma.  Occasionally  large  tracts  of  a  tumour,  the  chief  part  of 
which  is  purely  sarcomatous,  may  undergo  mucous  softening,  and  the  cells 
may  be  more  or  less  stellate  or  branched,  as  in  a  myxoma,  and  we  have  then 
the  miixo-sarcoiim.  As  before  stated,  the  tissue  between  the  acini  of  an 
adenoma  may  present  exactly  the  structure  of  a  spindle-celled  or  even 
round-celled  sarcoma  ;  these  tumours  are  then  sometimes  called  adeno-sarco- 
maia.  Lastly,  the  stroma  of  a  cancer  may  be  composed  of  cells  like  those  of 
a  large  spindle-celled  sarcoma.  In  tumours  which  are  purely  sarcomatous  it  is, 
moreover,  very  connnon  to  find  a  mixture  of  the  various  kinds  of  cells  which 
have  been  descrilied  as  characterizing  the  different  varieties  mentioned  in  the 
preceding  pages. 


Fig.  :)0G. — Mixed    Rouiiil    nnd  Siiindlc- 
celled  Sarcoiii:!,  into  wliicU  Hiuiiifir- 
rliage  has  taken  place  (ISS  diani.). 
Recent  Humorrliage. 
h.  BlDod-coi'inisfles  becoming  gran- 
ular. 


V.  TUMOURS  COMPOSED  OF  CELLS  OF  AN  EPITHELIAL  TYPE  AREANGED  IN 
SPACES  IN  A  STROMA  CONSISTING  OF  MORE  OR  LESS  PERFECTLY 
DEVELOPED  FIBROUS  TISSUE, 

The  members  of  this  group  constitute  the  cancers  or  carcinomata,  and  arc 
uniformly  malignant  in  their  progress. 

Cancer,  Carcinoma. — Before  proceeding  to  the  individual  growths  formiD"- 
this  class,  it  will  be  desirable  to  say  a  few  words  upon  the  subject  of  cancer 
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ofenenilly.*  The  term  has  been  very  vaguely  applied,  the  older  patholo<,nsts, 
placing  under  this  class  all  growths  which  presented  a  malignant  aspect,  in- 
tense rapidity  of  growth  or  recurrence  after  removal ;  thus  all  malignant 
sarcomata  were  formerly  considered  to  be  cancers.  All  statistics  and  general 
statements  with  regard  to  "cancer"  which  date  back  beyond  1870  must 
therefore  be  taken  to  refer  to  malignant  tumours  in  general  and  not  to  what 
we  now  recognize  as  true  cancers. 

Although  the  various  forms  of  cancer  differ  greatly  from  each  other  in 
structure,  they  all  possess  certain  features  in  common.  The  essential  element 
of  every  cancer  is  an  exuberant  growth  of  epithelium.  Every  exuberant 
growth  of  epithelium  is  not,  however,  a  cancer.  The  distinguishing  feature 
of  carcinoma  is  that  the  epithelium  no  longer  merely  covers  a  surface  or  hues 
the  acinus  of  a  gland  as  in  its  normal  state,  but  forces  its  way  into  deeper 
structures  or  surrounding  parts.  The  advancing  cells  form  bud-like  pro- 
cesses or  columns  which  communicate  with  each  other  by  lateral  branches. 
At  the  growing  edge  of  any  cancer  these  processes  of  cells  can  be  seen 
advancing  into  the  spaces  of  the  tissue  into  which  the  growth  is  spreading. 
The  pressure  of  the  new  growth  seems  to  irritate  the  surrounding  tissues 
to  such  a  degree  that  they  become  infiltrated  with  small  round  cells. 
These  are  generally  believed  to  be  migrating  white  corpuscles,  but  it  is 
not  improbable  that  they  may  in  part  arise  from  multiplication  of  the 
cells  of  the  connective  tissue.  In  some  forms  of  cancer  in  which  the 
epithelial  cells  are  small  and  rounded,  it  is  not  always  easy  to  distinguish 
the  young  epithelium  from  the  surrounding  small  round  cells,  and  thus  there 
has  been  much  diversity  of  opinion  as  to  the  histological  origin  of  cancer  ; 
but  in  other  varieties,  as  the  squamous  epithelioma,  the  different  forms  of  cells 
are  easily  recognized,  and  in  these  almost  all  are  agreed  that  the  cancer-cells 
arise  from  the  pre-existing  epithelium.  If  we  examine  a  portion  of  a  cancerous 
tumour,  in  which  the  structure  is  fully  developed,  we  find  that  the  original 
tissues  of  the  part  which  has  been  invaded  by  the  growth  have  disappeared 
during  the  process  of  small  round  cell  infiltration,  and  that  a  new  connective 
tissue  has  been  formed  which  surrounds  the  branching  columns  of  epithelium 
cells.  We  have  thus  developed  an  alveolar  stroma,  the  spaces  of  which  are 
filled  with  cells  of  an  epithelial  type,  and  this  forms  the  characteristic  structure 
of  a  true  cancel'.  As  in  normal  glands  or  epithelium-covered  structures,  the 
line  of  demarcation  between  the  epithelium  and  the  stroma  is  sharply  defined; 
the  cells  lie  closely  in  contact  with  each  other  without  vessels  or  stroma  pene- 
trating between  them.  They  are  but  loosely  connected  with  the  stroma  and 
with  one  another,  and  in  many  cases  are  separated  from  each  other  by  a  very 
small  quantity  of  fluid.  If  a  thin  section  of  a  cancer  be  gently  brushed  under 
water  with  a  camel's  hair  pencil,  or  shaken  in  a  test-tube  half  full  of  water, 
the  cells  may  be  washed  away  and  the  stroma  left.  Its  alveolar  nature  will 
then  be  distinctly  apparent,  and  the  fibrous  stroma  will  be  seen  to  bound  spaces 
which  by  their  communication  form  a  cavernous  system. 

The  stroma  is  composed  of  coarse  fibres,  sometimes  almost  liyaline  in 

*  It  is  not  my  iiiteutioii  to  enter  lai^'uly  into  tlie  KeTicral  liistoi-y  of  niiiliiinant  di.scnsi'.s,  as  space  will  not 
•idniit  of  niv  Join"  so  •  I  woiiUl  tlici-efure  refer  niy  readeis,  wlio  wisli  tor  further  mfoniiation  on  tliis  into- 
i-estin"  sul.jeet  to  the  \v.)rk.s  of  Abernetliy  ;  tlie  pajiers  l»y  Lawrence;  the  adniinihh-  and  niagiiiticent 
"  iUnstrations  'of  tlie  Elcnientarv  Forms  of  Disease,"  by  Sir  H.  Carswell  ;  to  tlie  excellent  and  coi.ious 
Uiono"rai>h  by  Walslie  ;  and  to  Pajjet's  idiilosopliie^  lectures  on  this  subject.  Anion^'st  the  foreign  works 
may  be  mentioned  "  Traite  des  Tumeurs,"  Ijy  Uroca ;  and  lidlroth's  "Lectures  on  Surgical  ratholoyy  and 
Therapeutics." 
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appearance.  Between  the  fibres  are  flattened  or  elongated  cells,  like  ordinary 
connective  tissne  corpnscles.  In  some  cases  it  is  less  perfectly  developed,  and 
may  contain  numerous  small  round  cells,  or  even  be  composed  almost  entirely 
of  spindle  cells.  The  vessels  traverse  the  stroma  in  all  directions.  They 
vary  much  in  number  and  size.  In  some  forms  of  cancer  they  are  so  abundant 
that  the  whole  growth  may  pulsate  ;  in  others  they  are  comparatively  scanty. 
In  all  cancers  as  the  growth  adv.ances  the  vascular  supply  becomes  insufficient 
to  maintain  the  vitality  of  the  central  parts  of  the  tumour,  and  fatty  degene- 
ration, first  of  the  cells  and  subsequently  of  the  stroma,  takes  place.  If  the 
tumour  is  superficial  the  tissues  l)reak  down,  and  ulceration  results. 

The  process  above  described  is  now  ahnost  universally  acknowledged  to  be 
that  by  which  cancer  arises  and  spreads.  It  was  first  clearly  described  by 
Thiersch  and  Waldeyer.  It  explains  the  fact,  now  well  recognized  by  patholo- 
gists, that  primary  cancer  never  arises  except  in  connection  with  pre-existing 
epithelium.  The  theories  of  Yirchow  and  Classen,  which  attributed  the  origin 
of  cancer  to  the  connective  tissue  corpuscles  and  to  migrated  white  corpuscles 
respectively,  are  now  practically  abandoned,  as  also  is  that  of  Koster,  who 
believed  cancer  cells  to  be  derived  from  the  endothelium  of  lymph-spaces.  It 
is  believed,  however,  that  Koster  was  correct  in  stating  that  the  branching 
columns  of  cells  do  really  lie  in  the  lymph-spaces.  The  proliferating  epithe- 
lium having  burst  through  the  wall  of  the  acinus  when  the  disease  commences 
in  a  gland  or  forced  its  way  into  the  deeper  parts  when  it  starts  from  a  surface, 
enters  the  lymph-spaces  and  grows  into  them.  This  \ie^\'  is  confirmed  by  the 
general  arrangement  of  the  epithelial  columns,  and  Waldeyer  believes  that  he 
has  demonstrated  lymphatic  endothelium  lying  on  the  surface  of  the  advancing 
process  of  epithelium.  It  also  explains  the  great  readiness  wdth  which  cancer 
infects  the  lymphatic  glands. 

The  cells  of  a  cancer  ahvays  more  or  less  accurately  resemble  those  of  the 
normal  epitheliuni  of  the  part  fi-om  which  the  primary  tumour  springs.  Thus 
the  cells  of  glandular  cancers  belong  to  the  type  of  spheroidal  or  glandular 
epithelium  ;  those  of  the  skin  are  squamous,  and  those  of  the  intestine, 
columnar.  The  cells  may  be  larger  and  show  a  more  exuberant  growth  than 
the  normal  epithelium,  but  their  general  characters  remain  the  same.  The 
old  idea  that  there  existed  a  peculiar  specific  "  cancer-cell  "  is  now  completely 
abandoned,  and  it  is  universally  recognized  that  no  certain  opinion  can  be 
pronounced  as  to  the  cancerous  nature  of  a  tumour  without  a  careful  exami- 
nation, not  of  the  cells  only,  but  of  the  stroma,  and  of  the  relation  of  the 
cells  to  the  stroma.  The  cells  of  all  cancers  are  prone  to  early  fatty  degenera- 
tion.   In  some  forms  they  undergo  a  colloid  change. 

Varieties  of  Cancer. — Cancers  are  classified  primarily  according  to  the 
variety  of  epithelium  that  enters  into  their  composition,  and  certain  sub- 
divisions are  made  according  to  the  modifications  in  the  stroma  or  in  the  mode 
of  growth  of  the  tumour.  The  following  classification  is  that  usually  adopted  :— 
1.  Cancers,  the  cells  of  which  are  derived  from  glandular  or  spheroidal 
epithelium.    Glandular  cancer. 

a.  With  abundant  dense  stroma.    Scirrhus,  or  scirrhous  cancer. 

b.  With  a  small  proportion  of  stroma  forming  large  alveolar  spaces. 

Medullary,  EnccpJtaloid,  or  Soft  Cancer. 

c.  One  of  the  above  forms  {a  or  h\  with  colloid  degeneration  of  the  cells. 

Colloid  Cancer, 
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2.  Cancers  tlic  cells  of  which  arc  derived  from  squamous  or  stratified 
epithelium.    Squamous  EpitJirlioina. 

B.  Cancers  the  cells  of  which  are  derived  from  columnar  epithelium. 
Columnar  epithelioma;  sometimes  called  also  Adenoid  Cancer. 

The  special  clinical  and  pathological  features  of  the  various  forms  will  he 
considered  after  the  general  facts  which  are  common  to  all  varieties. 

.  Secondary  Cancerous  Growths. — The  most  marked  feature  of  all  cancers  is 
their  tendency  to  give  rise  to  secondary  growths  of  a  similar  nature  in  various 
parts  of  the  body.  These  may  occur  in  three  situations.  First,  in  the 
!  lymphatic  glands  which  receive  the  lymph  from  the  affected  part.  Secondly, 
in  the  cellular  tissue  in  the  immediate  neighbourhood  of  the  growth  ;  and 
thirdly,  in  distant  parts,  especially  in  internal  organs.  These  secondary  growths 
;  always  resemble  the  primary  growth  in  structure.  The  secondary  tumours 
from  a  glandular  cancer  contain  glandular  epithelium  cells,  those  from  a 
squamous  epithelioma,  squamous  epithelium,  and  those  from  a  columnar 
epithelioma,  columnar  epithelium.  The  epithelium  maybe  slightly  modified 
from  growing  in  a  situation  where  it  is  far  less  exposed  to  surrounding 
pressure,  or  more  abundantly  supplied  with  blood,  but  its  general  characters 
always  remain  the  same.  In  like  manner  the  stroma  of  the  secondary  growth 
may  be  less  abundant  than  that  of  the  primary,  and  thus  cause  some  modifica- 
tion in  the  consistence  of  the  tumour  ;  but  the  broad  fact  remains— that  the 
secondary  tumours  are  of  the  same  structure  as  the  primary. 

The  mode  of  origin  of  the  secondary  tumours  has  given  rise  to  much 
diversity  of  opinion.  The  view  now  usually  accepted  is  that  the  secondai-y 
growths  arise  from  the  entrance  of  the  cells  of  the  cancer  into  the  lymphatics 
or  blood-vessels,  by  which  they  are  carried  to  distant  parts,  and  there  lodging 
develop  into  tumours  of  the  same  nature  as  that  from  which  they  sprung. 
According  to  this  theory,  the  cells  of  the  new  tumour  are  the  descendants 
of  the  original  cell  wliich  started  from  the  primary  growth.  Simon, 
Creighton,  and  others  believe  that  the  new  growth  arises  from  the  ceils 
of  the  part  in  which  the  cancer-cell  has  lodged,  and  upon  which  it  exerts 
what  they  term  a  "spermatic  influence."  Whether  this  be  so  or  not  it  is 
impossible  to  determine  with  certainty.  The  view  of  the  direct  transference  of 
the  cells  of  the  tumour  to  different  parts  of  the  body  is  known  as  the  im- 
planfation  theory.  Opposed  to  it  is  the  infection  theory,  according  to  wdiich 
the  system  is  poisoned  by  the  juices  of  the  ])rimary  growth.  There  is  yet 
another  theory  maintained  by  those  who  believe  cancer  to  be  a  primary 
"  disease  of  the  blood,"  of  which  the  tumour  is  merely  the  local  manifestation. 
Those  who  hold  this  view  behove  that  the  secondary  growths  arc  merely  a 
further  efiect  of  the  constitutional  condition  from  which  primaiy  growth 
Driginated.  Thus  Paget  is  of  opinion  that  in  some  cases,  in  which  a  rapid 
multiplication  of  cancers  takes  ])lace,  this  may  arise  from  an  increase  in  the 
cancerous  diathesis  or  morbid  C(mdition  of  the  blood.  But  he  beheves  that  in 
most  of  these  cases  there  has  been  a  conveyance  of  cancerous  material  by  the 
alood,  in  the  form  of  cmbola,  which  have  determined  the  local  seat  of  the 
iccondary  growth  ;  and  he  supports  this  view  by  referring  to  the  analogy 
pointed  out  by  AValshe  as  existing  between  the  secondary  deposits  in  cancer 
md  the  secondary  abscesses  in  pytcmia  ;  the  liver  and  lungs  in  both  cases  being 
)rincipally  affected.  He,  howc\-cr,  thinks  that  it  is  not  ncccssaiy  to  suppose 
ihat  entire  cancer-cells  are  thus  transferred  ;  cancer-juice,  or  minute  fragments 
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of  cancer-plasma,  may  be  as  efficient  as  entire  cells.  Virchow  considers  that 
the  fact  that  tlie  secondary  deposit  does  not  necessarily  occur  in  the  or^^an 
thron<?h  which  the  blood  must  first  pass,  militates  ao-ainst  the  theory  that 
cancer-cells  are  carried  onward  by  the  circulation,  and  become  impacted  in  the 
smaller  vessels  of  the  part,  in  the  manner  of  emboli.  He  inclines  to^  the 
belief  that  the  cancerous  juices  are  absorbed  and  enter  the  circulation  cither 
directly  by  the  veins  or  indirectly  through  the  lymphatics,  and  that  they  give 
rise  to  changes  in  the  nutrition  of  certain  parts,  leading  to  the  development 
of  cancerous  growths. 

In  fiivour  of  the  simple  transplantation  theory  is  the  important  fact  that  in 
the  secondary  growths  epithelium  arises  in  situations  in  which  it  is  not  normally 
present  as  in  the  lymphatic  glands  and  liones  and  when  the  growth  is  situated 
in  an  organ  in  which  epithelium  is  normally  present,  as  in  the  liver  or  kidney, 
the  cells  of  the  new  growth  are  not  those  natural  to  the  organ,  but  confined 
to  those  of  the  primary  cancer.  Thus  IMoxon  and  many  others  have  recorded 
cases  in  Avhich  the  tumours  in  the  liver  secondary  to  cancer  of  the  great 
intestine  have  shown  distinct  evidence  of  their  origin  in  being  composed  of  a 
structure  resembling  in  appearance  the  crypts  of  Lieberkiihn.  That  the  cells 
may  pass  along  the  lymphatics  is  sometimes  shown  by  finding  lymphatic 
vessels  distended  with  nodules  of  cancerous  growth.  It  is  difficult  to  imagine 
juice  or  granular  dehris  which  could  cause  the  development  of  glandular  epi- 
thelium in  bone  or  columnar  epithelium  in  the  liver. 

The  fact  that  the  secondary  growths  do  not  invariably  arise  directly  in  the 
course  of  the  lymph  or  blood-stream,  as  for  instance  when  secondary  tumours 
are  found  in  the  liver  or  bones  and  not  in  the  lung,  may  be  explained  by 
supposing  that  the  transplanted  cells  do  not  grow  with  equal  facility  in  all 
structures.    The  experiments  of  transplantation  of  one  kind  of  tissue  into 
another,  as  periosteum  into  the  subcutaneous  tissue,  have  shown  that  although 
it  may  grow  for  a  time,  it  eventually  perishes  and  is  absorbed.    In  the 
same  way,  up  to  the  present  time,  no  success  has  been  met  with  in  the  efforts 
to  transplant  cancer  from  a  diseased  animal  to  a  healthy  one  of  the  same 
species.    This  power  shown  by  a  tissue  of  resisting  the  growth  of  a  foreign 
structure  Avithin  it  is  called  by  Cohuheim  ihe  plnjsiological  power  of  resisiancc 
of  the  tissues.    Cohuheim  therefore  explains  the  failure  in  the  attempts  to  in- 
oculate cancer  by  supposing  that  the  physiological  resistance  of  the  tissues  to 
the  growth  of  the  foreign  structure  is  in  the  normal  state  sufficient  to  prevent 
the  development  of  the  transplanted  cells.    He  assumes  that  in  cancerous 
subjects  the  resisting  power  is  diminished,  possibly  in  consequence  of  the 
poisoning  of  the  system  from  the  primary  growth,  and  that  this  plays  as 
important  part  in  the  development  of  secondary  growth  as  the  transplanta- 
tion of  cells.    Against  the  theory  that  the  secondary  growths  are  the  result  of 
the  same  constitutional  condition  which  gave  rise  to  the  primary  growth  it 
may  be  urged  that,  if  this  were  the  case,  the  secondary  tumours  should  appear 
in  the  favourite  seats  of  the  primary  growth,  and  that  each  tissue  should 
produce  the  form  of  cancer  natural  to  itself,  which,  as  we  have  seen,  is  the 
reverse  of  that  which  really  occurs. 

Some  forms  of  cancer  show  a  much  greater  power  of  reproduction  than 
others.  Thus  glandular  cancers  recur  rapidly  throughout  the  body,  while 
epithelioma  seldom  infects  beyond  the  nearest  lymphatic  glands. "  "What- 
ever may  be  the  exact  mode  of  formation  of  the  secondary  growths,  the 
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balance  of  evidence  may  be  said  to  be  greatly  in  favour  of  some  form  of  the 
transplantation  theory,  and  therefore  Ave  may  hope  that,  if  the  tumour  could 
be  removed  sufficiently  early,  dissemination  of  the  disease  might  be  pre- 
vented. The  theories  here  put  forward  with  regard  to  cancer  apply  equally 
to  the  malignant  sarcomata. 

General  Clinical  History  of  Cancer. — All  forms  of  cancer  present 
numerous  points  of  resemblance  in  their  progress.  When  once  formed,  the 
tumour  continues  progressively  to  increase  in  size,  Avith  a  degree  of  rapidity, 
and  to  an  extent,  that  vary  according  to  its  kind.  Its  growth  is  usually 
accompanied  by  pain,  varying  Avith  the  situation  of  the  tumoar  and  its 
variety.  When  the  tumour  has  reached  a  certain  size,  the  proc-ess  of  decay 
commences  in  the  central  parts,  while  groAvth  continues  at  the  circumference. 
The  mass  softens  at  some  point,  the  slcin  coA'ering  Avhich  becomes  duskily 
inflamed  and  ulcerated,  and  an  irregular  sloughy  aperture  forms,  through 
AA^hieh  the  debris  of  the  mass  arc  eliminated  in  an  ichorous  or  sanious  fluid, 
having  often  a  peculiar  fetid  smell.  The  ulcer  then  rather  rapidly  increases, 
Avith  everted  edges,  a  hard  and  knobby,  or  soft  and  fungatiug  surface,  and 
the  discharge  of  a  dark  fluid,  often  attended  by  ha3morrhage,  and  occasionally 
Avith  sloughing  of  portions  of  the  mass  at  an  early  period.  Sometimes  coin- 
cidently  Avith  the  implication  and  ulceration  of  the  skin,  secondary  growth 
takes  place  in  the  lymphatic  glands,  and  most  commonly  with  the  super\'en- 
tion  of  the  constitutional  cachexy.  The  pain  in  the  primary  tumour  is  usually 
more  severe  during  ulceration,  but  secondary  tumours  in  internal  organs  are 
often  painless.  The  cachexy  may  possibly  be  due  to  some  modification  in 
the  condition  of  the  blood,  induced  by  the  action  of  the  morbid  groAvth  on 
the  economy.  The  exhaustion  resulting  from  the  ulceration,  sloughing,  and 
consecutive  hfemon'hage,  and  the  secondary  deposits  in  internal  organs,  also 
commonly  increases  this  cachectic  state  ;  in  many  instances  it  is  not  marked 
until  after  the  skin  has  become  affected,  and  in  others  it  does  not  super- 
vene until  ulceration  is  actually  set  up.  In  this  cachexy  the  countenance  is 
peculiarly  pale,  drawn,  and  salloA\-,  so  that  the  patient  has  a  A'cry  anxious  and 
care-worn  look.  The  general  surface  of  the  body  commonly  acquires  an  earthy 
or  yelloAA'ish  tint,  and  not  unfrequently  large  spots  of  pityriasis  or  chloasma 
make  their  appearance  on  various  parts  of  it  ;  the  appetite  is  impaired,  the 
voice  enfeebled,  the  muscular  strength  greatly  diminished,  and  the  pulse  AA'cak. 
The  patient  complains  of  pains  in  the  limbs,  of  lassitude,  and  of  inability  for 
exertion  ;  he  emaciates  rapidly,  and  frequently  suflers  from  the  occurrence  of 
cancerous  deposits  in  internal  organs ;  and  at  last  dies  fi"om  exhaustion, 
induced  by  the  conjoined  effects  of  Aveakcning  discharges,  general  debility, 
and  pain. 

Causes.— The  causes  of  cancer,  as  of  all  other  diseases,  may  be  divided 
into  tAVo  great  classes,  viz.  :  the  constitutional  or  predisposing,  and  the  local 
or  exciting. 

So  far  as  the  const iiidional  or  iwedhpowKj  causes  of  this  disease  arc  con- 
cerned, it  may  be  said  that  it  is  difficult  to  connect  any  distinct  or  recognizable 
constitutional  condition  with  a  tendency  to  this  disease.  Cancer  commonly 
shoAvs  itself  in  persons  a[)parently  in  perfect  health,  of  florid  complexion, 
robust  habit  of  body,  Avith  every  aspect  of  health  and  sign  of  strength. 

But  if  we  fail  to  recognize  by  outward  signs  a  constitutional  tendency  to 
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caucor,  wc  (•aniiot  doubt  that  its  development  is  connected  with  a  hereditary 
tendency,  and  is  influenced  by  ao-e. 

The  hcmliiariness  of  cancer  has  been  establislied  beyond  a  doul)t.  Yelpeau 
states,  as  the  result  of  his  researches,  that  it  is  traceable  hereditarily  in  one- 
third  of  the  cases.  Paget  finds  that  amongst  hospital  patients  the  hereditari- 
ness  amounts  to  about  1  in  G,  but  amongst  private  patients,  whose  family 
histories  are  better  kno\\  n,  it  is  found  to  be  hereditary  in  1  in  3  ;  thus  agree- 
ing with  Velpeau's  estimate. 

The  hereditary  tendency  is  in  some  cases  not  only  to  cancer  generally,  but 
to  same  form  of  cancer.  Thus,  Paget  records  a  case  in  which  three  genera- 
tions were  affected  by  uterine  cancer.  Sil)ley  records  an  instance  in  wliicli  a 
mother  and  five  daughters  suflFcred  from  cancer  of  the  left  breast.  It  is  not, 
however,  l)y  any  means  always  so.  Paget  states  that  it  is  only  in  about  one 
half  of  the  cases  of  hereditary  cancer  that  it  is  thus  transmitted,  and  then 
almost  exclusively  in  the  breast  and  uterus.  He  relates  one  striking  instance 
of  the  opposite  mode  of  transmission.  A  lady  died  of  cancer  of  the  stomach  ; 
one  of  her  daughters  died  of  cancer  of  the  stomach,  another  of  cancer  of  tlie 
breast ;  and  of  her  grandchildren,  two  died  of  cancer  of  tlie  breast,  two 
of  cancer  of  the  uterus,  one  of  cancer  of  the  bladder,  one  of  "cancer  of  the 
axillary  glands,"  one  of  cancer  of  the  stomach,  and  one  of  cancer  of  tlie 
rectum.  The  hereditary  tendency  transmitted  from  parent  to  offspring  would 
seem  therefore  to  be  not  purely  local,  as  in  the  case  of  a  peculiar  feature,  a 
fifth  finger,  or  the  like,  but  to  affect  the  whole  of  the  epithelial  tissues,  the 
peculiar  spot  at  which  the  cancer  appears  being  dependent  on  local  causes 
usually  unknown.  The  condition  is  more  analogous  to  premature  baldness  or 
gre}Tiess  of  the  hair.  xA.dniitting  the  hereditary  nature  of  cancer  to  the  fullest 
extent,  however,  it  still  leaves  two-thirds  of  the  cases  unaccounted  for. 

Age  exercises  a  marked  influence  on  the  occurrence  of  cancer,  both  as  to  its 
frequency  and  its  mode  of  growth.  The  statistics  published  before  1870  in 
this  country,  and  perhaps  a  few  years  earlier  in  Germany,  cannot  be  relied  upon 
as  giving  a  just  notion  of  the  influence  of  age  on  the  occurrence  of  true  cancer. 
Before  that  time  all  soft  rapidly  growing  sarcomas  were  described  as  cancers. 
The  malignant  glioma  of  the  eyeball,  and  sarcomatous  tumours  of  the  testicle 
and  bone,  being  formerly  classed  as  cncephaloid  cancer,  that  disease  was  said 
not  to  be  uncommon  in  children.  Now  that  these  are  excluded,  all  forms  of 
cancer  may  be  said  to  be  almost  unknown  under  20.  Gurit,  who  possesses  the 
patience  and  industry  necessary  for  the  collection  of  statistics  to  a  degree 
rarely  if  ever  equalled,  has  obtained  from  various  spurces  the  records  of  10.1500 
cases  of  tumours  of  all  kinds.  Of  these,  11,131  were  cancers.  In  4,7(;t)  cases 
of  cancer,  of  which  the  age  is  recorded,  only  0.4  per  cent,  occurred  under  the  ao-e 
of  20.  As  some  of  the  statistics  extend  back  to  the  year  1855,  it  is  possible 
that  even  this  number  is  in  excess  of  the  truth.  In  the  opposite  extreme  of  life 
there  is  no  limit  to  the  age  at  which  cancer  may  occur.  According  to  Walshe 
the  proportion  of  deaths  from  cancer  per  thousand  li\  iug  at  each  age  increases 
steadily  up  to  80.  Gurlt  shows  tliat  the  absolute  frequency  of  cancer  reaches 
its  maximum  between  41  and  50,  31.(18  per  cent,  of  all  cases  occurring  between 
those  ages.  Age  influences  also  the  liability  to  cancer  in  special  organs. 
Thus,  in  extreme  old  age  cancer  of  the  breast  is  less  common  than  in  younger 
women,  wliile  old  men  are  more  liable  to  cancer  of  the  bladder  and  prostate 
and  to  epithelioma  of  the  lip.    Thus,  Walshe  states  that  proportionally  to  the 
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number  living-,  cancer  is  more  common  in  men  than  in  women  after  80. 
Sibley  states  tliat  the  average  age  of  patients  with  uterine  cancer  is  48,  and 
with  mannnary  48  years.  The  colloid  variety  rarely  if  ever  occurs  hefore  80. 
The  age  of  the  patient  exerts  a  considerable  influence  on  the  rate  of  growth 
and  malignancy  of  the  tumour.  As  a  rule,  the  younger  the  patient,  the  more 
rapidly  does  the  tumour  grow,  the  earlier  does  it  affect  the  lymphatic  glands, 
iind  the  more  widely  disseminated  are  the  secondary  growths.  This  rule  has, 
however,  many  exceptions. 

Mental  Eniotiom^  of  a  depressing  character,  if  long-continued  or  frequently 
repeated,  may  possibly  predispose  to  the  occurrence  of  cancer.  I  have  seen 
so  many  cases  of  cancer,  more  particularly  of  the  abdominal  organs,  in  in- 
dividuals who  ha\e  suffered  much  ft'om  grief,  anxiety,  or  harass  of  mind 
for  years  l)efore  the  development  of  the  malignant  disease,  that,  although 
the  doctrine  is  ineai)able  of  proof,  I  cannot  but  look  upon  it  as  iDrobable, 
that  tl  le  cancer  was  the  result  of  the  antecedent  long-continued  mental  dis- 
quietude. We  know,  by  every-day  exjicrience,  that  functional  derangement 
of  the  abdominal  and  pelvic  organs  of  the  most  inveterate  character  may 
be  occasioned  by  mental  disturbance  ;  and  it  appears  to  me  not  improbable, 
that  such  functional  derangement  may  at  last  lead  to  perversion  of  nutri- 
tion, terminating  in  malignant  growth  in  such  organs,  as  the  uterus,  the 
liver  or  the  stomach,  as  are  more  readily  influenced  by  the  condition  of  the 
l)atient's  mind. 

Se.r. — -The  influence  of  sex  is  well  marked,  not  only  in  the  absolute  frequency 
of  cancer,  but  in  its  occurrence  in  organs  that  are  special  to  each  sex.  Cancer 
is  absolutely  ftir  more  frecjuently  met  with  in  women  than  in  men,  sinqjly 
because  cancers  of  the  uterus  and  mamma  constitute  by  far  the  largest  pro- 
portion of  these  diseases,  being  inflnitely  more  common  than  cancers  of  the 
male  organs.  But  when  we  come  to  cancers  of  organs  that  are  common  to 
both  sexes,  as  the  tongue,  the  lip,  the  intestinal  tract,  &c.,  we  shall,  I  think, 
find  that  they  are  more  frequent  in  men  than  in  women  ;  the  diffei'cnce,  how- 
ever, not  being  sufficient  to  counterbalance  the  preponderance  in  the  female 
reproductive  organs.  Von  Winiwarter  states,  that  in  Billroth 's  hospital  and 
priMite  practice  from  1807  to  187G,  278  cases  of  cancer  of  the  skin  and  mucous 
membrane  of  the  face  and  mouth  came  under  observation.  Of  these  22(!  Avere 
men,  and  52  women. 

The  EjcitiiKj  causes  of  cancer  are  of  two  kinds  ;  direct  external  violence,  or 
long-continued  irritation  of  a  part. 

A  blow  on,  or  other  injury  of  a  part,  often  appears  to  be  the  direct  deter- 
mining cause  of  the  development  of  a  jwimary  cancer.  Seirrhus  of  the 
mamma  is  commonly  attributed  by  the  sufferer  to  the  infliction  of  an  injury. 

Long-continued  irritation  of  a  part  also  may  cause  a  cancer  to  de\  el()p.  This 
is  a  matter  of  every  day  observation  in  the  de\-elopment  of  cancer  of  the  tongue 
from  the  persistent  irritation  of  a  broken  or  jagged  tooth,  or  the  production 
of  cancer  of  the  lip  by  the  constant  use  of  an  unprotected  clay-pipe.  But, 
perhaps,  the  best  marked  instance  of  the  })]-oducti(Ui  of  this  form  of  cancer,  is 
that  of  the  cancer  of  the  scrotum  in  chimney-sweeps,  develoi)ed  by  the  irrita- 
tion of  the  soot  lodged  in  the  ruga^— a  form  of  disease  which  is  now  very 
rarely  met  with.  Lawson  attributes  this  to  the  fact  that  formerly  soot  fetched 
a  high  price,  and  was  always  sifted  to  free  it  from  particles  of  mortar  before  it 
was  sold.   This  sifting  was  hard  work,  and  the  motion  of  the  body  during  the 
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process  caused  considerable  friction  of  the  scrotum  against  the  trousers,  and 
this,  combined  Avith  the  irritation  of  the  mixed  soot  and  pcrspn-ation,  seems  to 
have  been  the  determining  cause  of  the  growth  of  the  cancer.  Noav  that  soot 
is  of  h'ttlc  vahie  it  no  longer  pays  to  sift  it,  and  consequently  chimney-sweep  s 
cancer  has  almost  disappeared.  It  is  a  strong  argument  in  fa^•our  ot  the 
theory  of  the  local  origin  of  cancer,  that  a  form  of  the  disease  should  cease  to 
appear  on  the  removal  of  the  source  of  local  irritation  that  produced  it. 

But  local  irritation  is  more  likely  to  produce  cancer  if  it  be  applied  to  a  part 
that  has  already  been  for  some  time  the  seat  of  structural  epithelial  change. 
Thus,  in  a  common  wart,  mole,  or  cicatrix,  cancerous  growths  are  very  apt  to 
develope  under  the  influence  of  persistent  irritation.  And,  as  J.  Hutchnisou 
has  truly  observed,  a  cancer  may  in  tliis  way  be  "  grown." 

The  mode  in  which  a  local  injury  or  source  of  irritation  produces  a  cancer  is 
unknown.  Does  it  do  so  by  some  peculiarity  of  local  action,  or  by  a  constitu- 
tional state  of  a  cancerous  nature  causing  what  might  otherwise  prove  to  be  a 
simple  irritation  to  assume  a  malignant  form  ?  The  answer  to  these  questions 
involves  the  whole  theory  of  the  local  or  constitutional  origin  of  cancer,  to 
which  I  nuist  refer  the  reader.    (See  next  page.) 

It  is  very  important  to  bear  in  mind  that  all  tissues  and  organs  are  not  equally 
liable  to  cancer.  Every  part  of  the  body  in  which  epithelium  (as  distinguished 
from  endotheUum)  is  naturally  present  is  liable  to  become  the  seat  of  cancer. 
But  it  occurs  more  frequently  in  some  parts  than  in  others.  In  the  female  it  is 
most  common  in  the  mamma  and  uterus  ;  in  the  male  epitheUoma  of  the  lips, 
tongue  and  penis  is  the  most  common  form  of  the  disease.  In  the  alimentary 
canal  it  is  most  common  at  the  narrowest  parts  which  presumably  are  most 
exposed  to  mechanical  injury.  Thus  commencing  at  the  mouth  we  find  the 
common  situations  of  cancer  are,  the  lips,  the  tongue,  the  fauces,  the  oesopha- 
gus at  the  l)ack  of  the  larynx,  the  cardiac  orifice  and  the  pylorus.  Then 
follows  the  small  intestine  in  which  the  contents  are  fluid  and  the  diameter 
almost  uniform,  and  here  cancer  is  extremely  rare.  It  is  less  rare  at  the  ilio- 
colic  valve,  and  becomes  common  in  the  sigmoid  flexure,  which  is  the  nan'owest 
part  of  the  great  gut  and  contains  solid  faces.  In  the  rectum  it  occurs 
usually  where  the  gut  is  slightly  narrowed  as  it  passes  through  the  recto-^■esical 
fascia,  and  finally  it  is  common  at  the  anus. 

The  form  of  cancer  met  with  in  all  these  places  is  dependent  on  the  epithe- 
lium normal  to  the  part.  As  far  as  the  cardiac  orifice  it  assumes  the  fonn  of 
squamous  epithelioma,  at  the  cardiac  orifice  it  is  usually  one  form  of  glandular 
cancer,  at  the  pylorus  and  as  far  as  the  anus  it  is  columnar  epithelioma,  and  at 
the  anus  it  is  again  sipiamous  epithelioma.  It  has  been  observed  that  in  those 
organs  which  have  an  intermittent  functioiuil  acti\  ity,  cancer  is  more  frequent 
than  in  others,  and  in  them  it  is  especially  apt  to  occur  at  the  periods  of 
commencing  senile  degeneracy. 

The  Geographical  Distribution  of  Cancer  is  a  most  interesting  and 
important  element  in  the  problem  of  its  origin,  and  by  a  closer  study  of  it 
than  has  hitherto  been  made,  I  believe  that  nmch  light  may  be  thrown  on 
this. 

Cancer  appears  to  be  a  disease  favoured  by,  if  not  actually  dependent  on,  the 
aggregation  of  individuals  under  the  influence  of  an  advanced  civilization. 
Amongst  sa^-age  tribes,  as  amongst  wild  animals,  it  is  unknown.  In  the  great 
centres  of  civilization,  as  amongst  domesticated  animals,  it  abounds. 
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Cancer  is  said  to  be  unknown  in  the  frigid  zone.  The  Esquimaux  in  the 
"Western,  and  the  Samoieds  and  otlier  migratory  tribes  in  the  Eastern  hemi- 
sphere, are  equally  exempt  from  it.  Amongst  the  inhabitants  of  the  torrid  zone 
it  also  rarely  occurs  ;  though  in  the  more  populous  parts  and  the  seats  of  an 
older  civilisation,  as  in  India,  it  is  not  unknown.  Ikit  on  this  and  other  points 
connected  with  the  geographical  distribution  of  this  fell  scourge,  we  require 
additional  and  precise  information. 

Cancer  is  certainly  more  common  in  Europe  than  in  any  other  part  of  the 
civilized  world.  In  some  parts  of  the  United  States  of  America  and  in  Chiiui 
also  it  appears  to  be  of  frequent  occurrence,  whilst  in  South  America,  in  Africa 
(except  Egypt),  and  in  the  greater  part  of  Asia,  it  is  not  common, 

Haviland  has  obtained  very  important  results  li'om  the  investigations  of  the 
tables  of  mortality  of  this  country,  with  regard  to  the  distribution  of  cancer 
in  Great  Britain  ;  and  his  investigations  appear  to  lead  to  this  conclusion,  that 
geological  formation,  soil,  and  resulting  endemic  conditions  exercise  a  marked 
influence  on  the  development  of  cancer. 

Haviland  finds,  with  regard  to  England,  that  cancer  is  most  common  in  the 
western  and  north-western  parts  of  the  kingdom,  including  "Wales  ;  and  that 
generally  throughout  the  more  elevated  midland  and  southern  districts  it  is  not 
common.  It  is  less  frequent  on  the  older  geological  formations,  towards  the 
sources  of  rivers,  and  in  diy  well-drained  districts.  He  points  out,  on  the 
other  hand,  that  the  sites  of  the  great  cancer-fields  of  England  are  the  tertiary 
formations  and  the  alluvial  districts  ;  that  cancer  surrounds  the  course  of  the 
great  rivers  after  their  full  formation,  when  they  are  passing  through  valleys 
and  low-lying  lands  liable  to  floods  and  to  the  consequent  accumulation  of 
alhu  ial  deposits.  These  districts  are  also  the  most  densely  populated.  Hence 
it  may  be  inferred  that  density  of  population  favours  the  production  of  cancer, 
and  that  wherever  social  organization  is  highly  developed,  there  cancer 
becomes  proportionately  rife.  But  this  view  is  not  quite  borne  out  by  statistics. 
Thus  we  find  that  the  clevelopment  of  cancer  does  not  depend  on  mere  popula- 
tion, as  the  mortality  from  cancer  in  Norwich  and  Great  Yarmouth,  com- 
paratively small  towns,  is  to  that  in  such  great  centres  of  population  as  Li^'er- 
pool  and  Manchester  as  141  to  84,  or  nearly  double  ;  that  in  Philadelphia  it  is 
to  that  in  the  much  lai'ger  city  of  New  York  as  15  to  7,  or  more  than  double  ; 
while  in  Marylebone  it  is  very  far  higher  than  in  the  capital  of  Pennsylvania. 
In  these  conclusions  we  must  not,  however,  omit  to  take  into  account  the 
increased  tendency  to  hereditary  transmission  amongst  a  comparati^'ely  settled 
population,  such  as  that  of  the  east  of  England. 

Is  Cancer  a  Disease  of  Constitutional  or  of  Local  Origin?  This 
question  has  led  to  much  discussion  among  pathologists.  There  are  at  least 
three  distinct  theories  with  regard  to  the  origin  of  cancer,  a.  It  is  a  blood- 
disease,  h.  It  is  purely  local  in  its  origin,  c.  If  local  in  its  origin,  it  can  only 
be  developed  in  a  constitution  tliat  is  fitted  in  some  way  for  its  formation  ; 
a  fitting  soil,  in  fact,  is  required  for  the  cancer  to  germinate  in. 

We  will  consider  these  ^•^ews  separately  ;  and  in  so  doing,  I  may  observe  that 
it  Avill  be  extremely  difficult,  if  not  impossible,  to  separate  the  two  questions  as 
to  the  origin  and  the  development  of  cancer  from  one  anotlier  ;  for,  however 
essentially  they  may  be  distinct  and  separate,  they  blend  in  such  a  discussion 
as  this  in  an  almost  inextricable  manner. 

a.  That  cancer  is  a  blood-disease — a  disease  essentially  dependent  on  a 
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morbid  state  of  tlic  blood— is  a  view  tliat  bas  long  been  entertained  by  many. 
But,  in  truth,  this  doctrine  with  regard  to  the  origin  of  cancer  has  been  made 
to  include  two  distinct  propositions  ;  the  first  being,  that  the  blood  itself  is 
charged  with  the  poison  of  cancer  wliich  is  ready  to  burst  forth  or  to  sprout 
out  on  any  part  of  the  body  on  the  application  of  the  necessary  local 
irritation  or  disturbance  ;  the  second,  that  "  blood-disease and  "  constitu- 
tional disease "  arc  synonymous  and  convertible  terms.  This  latter  is  un- 
doubtedly an  error.  It  is  quite  possible  to  understand  and  to  hold  the  view 
that  the  tissues  of  the  frame  are  imbued  with  a  cancerous  tendency,  without 
having  recourse  to  the  hypothesis  that  they  derive  this  from  the  blood.  The 
germinal  membrane  of  the  chick,  as  has  been  pointed  out  by  Sir  W.  Gull, 
takes  on  changes  antecedently  to,  and  independent  of,  the  formation  of  the 
blood.  And  so  we  may  take  it  as  possible  that  the  tissues  of  the  body  may 
inherently  possess  morbid  or  cancerous  proclivities,  independently  of  the  blood 
by  which  they  arc  nourished.  But  if  by  blood-disease  be  meant  a  disease  in 
which  the  blood  actually  contains  the  cancer-cell,  as  the  blood  in  gout  does 
the  materies  morbi  of  that  disease— t'/^.,  uric  acid  circulating  through  the  body 
and  capable  of  deposit  in  some  locality  favourable  to  the  local  development  of 
the  malady — this  hypothesis  is  certainly  untenable.  There  is  no  evidence 
whatever,  histologically,  that  the  blood  of  any  individual  is  a  poison -bearing 
fluid,  and  has  a  cancerous  constitution  or  tendency,  or  that,  at  all  events  before 
the  primary  growth  has  develo])ed  itself,  the  cancer-cell,  or  any  material 
capable  of  undergoing  cancerous  development,  is  met  with  in  the  blood.  Eveiy 
phenomenon  that  occurs  in  connection  with  cancer  may  be  explained  without 
ha\'ing  recourse  to  such  a  hypothesis  as  this,  which  has  not  a  particle  of 
pathological  observation  on  which  it  can  be  based.  But  if  the  doctrine  of 
cancer  being  a  blood-disease  is  untenable  in  the  sense  in  which  I  have  here 
stated  it,  the  same  cannot  at  once  be  said  in  the  way  of  its  being  primarily  a 
constitutional  attcction  independently  of  the  blood. 

The  doctrine  of  the  constitutional  origin  of  cancer  may  be  more  clearly 
expressed  in  the  words  of  Paget.  "  C^mcers  are  manifestations  of  certain 
specific  and  morbid  states  of  the  blood  ;  and  in  them  arc  incorporated  peculiar 
morbid  materials  which  accumulate  in  the  blood,  and  which  their  growth  may 
tend  to  increase."  "  The  existence  of  the  morbid  material  in  the  blood,  whether 
in  the  rudiraental  or  in  the  effective  state,  constitutes  the  general  predisposi- 
tion to  cancer  ;  it  is  that  which  is  by  some  called  the  predisposing  cause  of 
cancer.  The  morbid  material  is  the  essential  constituent  of  the  cancerous 
diathesis  or  constitution  ;  and  w'hen  its  existence  produces  some  manifest  im- 
pairment of  the  general  health,  independently  of  the  cancerous  growth,  it 
makes  the  primary  cancerous  cachexia."  For  the  local  manifestation  of  this 
constitutional  disease,  the  part  where  it  is  developed  must  be  put  into  a  ftivour- 
able  condition  by  irritation,  injury,  or  other  similar  cause.  The  blood-disease 
and  the  local  conditions  may  compensate  each  other  ;  thus,  M'ith  an  intense 
cancerous  diathesis,  tumours  may  be  formed  in  such  a  way  and  in  such 
numbers  as  to  be  apparently  independent  of  local  conditions  ;  while  in  cases 
where  the  constitutional  element  exists  in  a  low  degree,  a  long  continuance  of 
irritation  may  be  required  to  bring  out  its  local  manifestations.  Paget  believes 
that  l)y  this  theory  of  compensation  the  opposing  views  as  to  the  local  or  con- 
stitutional origin  of  cancer  may  be  reconciled. 

l.  The  theory  as  to  the  local  origin  of  cancer  appears  to  be  more  generally 


ARGUMENTS  FOE  LOCAL  ORIGIN. 


1017 


Jidopted  by  Surgeons.  Volpeau,  Billroth,  l)e  Morgan,  all  support  or  incline 
to\Yards  it.  The  arguments  on  which  it  is  based  may  briefly  be  summed  up 
as  follows.  They  are  certainly  sufficient  to  account  for  all  the  phenomena  of 
cancer  ;  and  many  of  these  phenomena  do  not  admit  of  explanation  on  any 
•other  theory. 

1.  Cancerous  tumours  spring  up  in  indinduals  who  have  always  enjoyed 
perfect  health,  and  who  are  to  all  appearances  perfectly  well  at  the  time  of  the 
occurrence  of  the  disease.  As  in  these  cases  there  is  no  evidence  whatever  of 
-constitutional  affection  of  any  kind,  it  would  be  a  begging  of  the  whole  ques- 
tion to  assert  that  the  existence  of  the  local  tumour  must  of  itself  be  taken  as 
.an  indication  of  a  constitutional  cancerous  tendency. 

2.  ^  Such  primary  tumours  are  always  single — no  primary  outbreak  of 
multiple  cancers  e\cr  occurs.  Tumours  may  form  in  certain  cases  in  rapid 
•succession,  but  never  simultaneously.  But  primary  cancer  does  not  occur  at 
the  same  time  at  different  of  these  seats  of  election — as  the  mamma,  pylorus, 
iind  rectum,  as  would  be  the  case  were  it  constitutional. 

3.  Cancers  are  not  uiift-equently  the  result  of  some  local  injury  or  irritation. 
This  is  a  matter  of  daily  observation  in  the  lip,  the  tongue,  the  female 
breast,  and  the  scrotum. 

4.  The  general  health  does  not,  in  the  majority  of  cases,  suffer  until  some 
mouths  have  elapsed  ;  when,  after  the  lymphatics  or  glands  have  become 
implicated,  or  the  neighbouring  tissues  invaded,  but  not  until  then,  signs  of 
cachexy  set  in.  In  many  cases  of  cancer,  especially  of  the  mamma,  the  health 
■csontinues  excellent  for  many  months — a  year  or  two  even  after  the  disease  has 
declared  itself,  and  so  long  a.s  it  continues  to  be  confined  to  its  primary  seat. 
It  is  not  until  after  secondary  deposits  have  occurred  that  the  characteristic 
cachexy  sets  in, 

5.  If  the  primary  tumour  be  removed  before  neighbouring  parts  have  become 
contaminated,  the  health,  if  it  have  suffered,  often  improves  materially. 

0.  All  pathological  evidence  tends  to  show  that  the  secondary  growths 
arise  directly  as  a  consequence  of  the  primary  tumour,  first,  by  extension 
by  continuity  of  tissue  ;  secondly,  by  extension  along  the  line  of  the  lym- 
phatics ;  and  thirdly,  through  the  blood-stream,  leading  to  growths  scattered 
throughout  the  body  in  the  same  directions  as  the  secondary  abscesses  in  pyajmia 
which  result  from  septic  emboli. 

7.  Secondary  cancers  affect  the  form  of  the  primary  one.  Thus,  primary 
glandular  cancer  leads  to  deposit  of  masses  of  tlie  same  structure  in  the  lungs; 
columnar  epithelioma  of  the  rectum  to  secondary  growths  in  the  liver,  with 
identical  structural  peculiarities. 

8.  Growth  is  favoured  by  local  circumstances,  as  warmth  and  moisture  of 
cavities, 

9.  In  some  rare  instances  no  recurrence  whate^■er  takes  place  after  opera- 
tion, the  disease  being  eradicated  from  the  system,  which  could  not  be  the  case 
if  it  were  constitutional. 

10.  When  recurrence  does  take  place  soon  after  an  operation,  it  is  almost 
in^'ariably  either  in  the  cicatrix  or  its  immediate  neighbourhood,  or  in  the 
nearest  lymphatic  glands,  owing  to  cancer-cells  which  had  been  widely  dis- 
seminated, escaping  removal,  and  subsequently  developing  into  new  tumours, 
AYere  the  disease  constitutional,  recurrence  would  be  as  likely  to  take  place  in 
other  parts,  especially  in  symmetrical  parts. 
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11.  AVc  observe  the  same  tendency  to  recurrence  after  removal,  and  even  to 
secondary  <,rrowfchs  in  distant  organs,  in  other  tumours  which  are  iucontestably 
local  at  first,  such  as  the  sarcomata  and  the  enchondroraata,  and  which  only 
become  general  in  certain  constitutions  under  special  conditions  in  their  more 
advanced  stages,  and  in  a  secondary  manner. 

The  theory  of  the  local  origin  of  cancer  is  undoubtedly  a  very  caj^tivating 
one.  It  explains  in  the  readiest  and  the  simplest  way  possible  most  of  the 
phenomena  of  the  disease.  But  it  is  a  doubt  with  many,  if  it  be  competent  to 
give  a  satisfactory  solution  of  all. 

There  are  at  least  four  conditions  that  may  be  supposed  to  militate  against 
the  theory  of  the  primary  loc;alization  of  cancer,  and  which  have  been,  or  may 
be,  adduced  as  evidences  of  the  constitutional  origin  of  the  disease. 

These  are — 1.  The  almost  absolute  certainty  of  the  recurrence  of  the  disease 
after  the  removal  of  the  primary  growth  ; 

2.  The  frequent  hereditariness  of  the  disease  ; 

The  varying  degrees  of  ra])idity  with  which  cancers  run  their  coiu'se  and 
the  diiierent  degrees  of  virulence  they  affect  in  different  individuals  ;  and 

4.  The  geographical  distribution  of  cancer. 

Let  us  briejBy  examine  those  c(mditions,  which  have  mainly  been  relied  on  in 
support  of  its  constitutional  origin. 

1.  As  to  the  lialiUtij  fo  recurrence  ciftcr  removal,  as  will  be  more  fully  stated 
Avhcn  we  come  to  speak  of  the  operation  for  cancer,  there  can  be  no  doubt. 
But  in  truth  this  argument  can  have  but  little  weight,  when  we  consider 
the  rapid  tendency  to  diff'usion  that  has  just  been  described  as  characterizing 
cancers  above  all  other  tumours,  owing  to  the  peculiar  mode  of  growth  already 
described  and  the  relation  of  the  cells  to  the  lymphatics.  The  fact  is,  that  the 
cancer-cells  have  already  become  diffused  through  the  neighbouring  structures, 
and  may  have  entered  the  lymphatics  or  the  blood  long  before  the  primary 
tumour  has  attained  such  a  size  as  to  attract  attention  so  as  to  render  opera- 
tion possible. 

If  it  be  admitted  that  a  cancer  may  commence  this  process  of  diffusion  at 
any  period  after  its  formation  as  a  distinct  growth,  it  is  impossible  to  deny 
that  the  recurrence  of  the  disease  after  operation,  whether  local  in  the  neigh- 
bouriug  areolar  tissue,  more  distant  in  the  lymphatic  glands,  or,  further  still  in 
the  viscera,  may  be  due  to  the  early  transplantation  of  the  cells,  each  of  which 
has  become  the  centre  of  a  new  growth.  It  would  be  too  late  to  uproot  the 
thistle  after  its  seeds  had  been  widely  scattered  abroad. 

One  main  source  of  confusion,  if  not  of  error,  in  respect  to  the  origin  of 
cancer  has  been,  that  it  has  usually  been  studied  in  organs,  such  as  the  mamma, 
in  which  its  early  origin  cannot  be  discovered.  In  such  a  situation  a  tumour 
must  attain  the  size  of  a  nut,  at  the  least,  before  it  is  diagnosed  or  even 
detected.  How  many  months  may  it  have  required  for  the  first  small  group  of 
cells  to  have  led  to  the  development  of  such  a  mass  as  this,  and  how  widely  the 
local  contamination  and  general  infection  may  have  spread,  before  such  a  size 
even  as  this  is  attained  by  the  primary  tumour. 

2.  The  next  point  is  the  hereditariness  of  cancer.  As  has  already  been 
stated,  this  is  undoubted.  But  a  hereditary  tendency  to  a  disease  must  not 
be  confounded  with  a  constitutional  disposition  to  it.  It  is  a  fatal  error  in 
etiology  to  confound  hereditariness  with  constitutionalism.  Hereditariness 
may  be  local  as  well  as  constitutional.    The  hereditary  transmission  of  a 
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particular  feature  from  parent  to  offspring  cannot  be  considered  a  proof  of  a 
constitutional  tendency.  So  also  the  hereditary  transmission  of  a  malforma- 
tion, as  of  supernumerary  fingers  or  of  exostoses,  is  certainly  purely  local.  But 
diseases  may  also  be  transmitted  through  descent  Avithout  being  in  any  way 
constitutional.  Tumours  that  arc  not  cancers  are  hereditary,  as  warts, 
lipomata,  enchondromata,  &c.  ;  sebaceous  cysts  of  the  scalp  arc  strongly 
hereditary,  and  yet  there  can  be  no  pretence  that  these  are  in  any  way  con- 
stitutional or  blood-diseases.  These  are  instances  of  hereditary  local  diseases 
that  are  not  congenital,  but  develop  after  the  body  has  reached  maturity  ; 
just,  indeed,  as  a  cancer  does.  We  do  not  look  upon  these  conditions  as 
constitutional — dependent  on  some  conditions  of  the  blood,  merely  because 
they  are  transmitted  from  parent  to  offspring.  All  that  we  can  at  present 
assume  is,  that  it  is  probable  that  in  some  cases  there  is  a  predisposition  of 
unknown  nature,  hereditarily  transmissible,  which  may  tend  to  the  dcA'cloiment 
of  cancer  without  the  action  of  a  known  local  exciting  cause  ;  and  this  here- 
ditary tendency  may  be  local,  as  in  a  certain  tissue,  or  in  a  particular  organ 
which  is  the  usual  seat  of  election  of  cancer,  as  the  mamma,  the  testis,  or  the 
pylorus. 

o.  The  (jrealer  virulence  affected  by  cancers  in  some  individuals  than  in 
others,  and  the  vari/ing  deijroes  of  rapitUtij  with  which  they  run  their  course, 
would  undoubtedly  lead  to  one  of  two  inferences  ;  either  that  the  primary 
cancer  is  more  active,  has  greater  inherent  vitality,  or  that  the  constitution 
in  which  it  occurs  is  more  favourable  to  its  development. 

The  varying  virulence  of  a  cancer  depends  much  more  upon  its  anatomical 
structure  than  on  any  constitutional  condition  of  the  patient.  All  glandular 
cancers  are  more  malignant  than  squamous  or  columnar  epitheliomas  ;  yet 
those  who  hold  tlie  theory  that  cancer  is  a  blood-disease,  maintain  that  it  is  a 
mere  accident  where  the  primary  tumour  ai'ises,  and  consequently  what  form 
it  assumes. 

Tlic  locality  in  which  the  cancer  develops  has  also  much  to  do  with  the 
rapidity  with  which  the  glands  are  affected.  H.  Arnott  pointed  out  that  the 
softer,  the  more  vascular,  and  the  more  movable  the  primary  seat  of  the 
tumour  is,  the  more  rapidly  do  the  secondary  growths  appear.  Thus  an  epi- 
thelioma of  the  tongue  always  affects  the  glands  very  early,  while  with  a  similar 
growth  on  the  skin  of  the  leg  the  patient  may  escape  glandular  affection  for 
many  months. 

The  fearful  rapidity  of  growth  and  virulence  shown  l)y  a  cancer  of  the 
mamma  during  pregnancy  consequent  upon  tlie  physiological  increase  of  the 
supply  of  blood  to  the  gland  is  another  example  of  a  local  condition 
affecting  the  malignancy  of  the  growth.  Moreover,  if  great  rapidity  of  the 
growth  A\  ere  due  to  the  presence  of  the  poison  in  the  blood  in  greater  amount 
than  usual,  we  should  expect  to  find  the  development  of  the  tumour  most 
rapid  in  those  who  showed  the  most  marked  cachexia,  whereas  the  reverse  is 
usually  the  case.  The  younger  the  patient  and  the  better  the  general  health 
at  the  time  of  in\  asion,  as  a  rule  the  more  malignant  will  be  the  course  of  the 
disease.  Still  it  is  highly  probable  that  there  is  a  tendency  in  the  tissues  of 
certain  individuals  to  favour  the  development  of  these  cancer-growths,  originat- 
ing primarily  in  some  local  irritation,  whether  this  be  traumatic  or  functional. 
Such  a  constitutional  state,  whether  hereditary  or  acquired,  is  necessary  to 
constitute  a  fitting  soil  for  the  cancerous  element,  in  which  to  form  and  to 
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dcvcloi).  Tlie  stronger  tlic  tendency  the  more  readily  will  cancer  grow  in 
sucli  indi\  idiuils,  and  the  more  rapid  and  vigorons  will  be  the  growth.  This 
constitutional  state  does  not  develop  a  local  cancer  ;  it  simply  favours  its 
development. 

4.  ThQ  ijcoiiraphkal  d'isirihuUon  has  been  already  considered  at  p.  1014.  Ifc 
cannot  be  said  that  this  has  much  bearing  upon  the  question.  The  influences 
resulting  from  race,  soil,  climate,  &c.,  are  concerned  in  the  develoi)ment  of 
many  local  diseases,  such  as  simple  bronchocele,  elephantiasis  of  the  scrotum, 
fibroma  in  the  ears  of  negroes  and  the  like,  none  of  Avhich  are  supposed  to 
be  due  to  the  presence  of  a  morbid  material  in  the  blood.  AVe  have  no  definite 
knowledge  to  guide  us  to  any  conclusion  Avith  regard  to  the  effect  of  these 
influences  on  the  development  of  cancer ;  and,  in  its  absence,  it  is  just  as  easy 
to  suppose  that  these  causes  act  locally  on  certain  glands  oi-  epithelial  surfaces 
as  to  imagine  that  they  give  rise  to  the  development  of  some  unknown  poison 
in  the  blood  to  which  the  origin  of  the  cancerous  tumour  is  due. 

Tiiere  are  two  points  in  connection  with  the  structure  of  cancer  that  deserve 
careful  study,  in  reference  to  the  question  of  local  origin.  The  first  is  the 
abundant  blood-supply  that  a  cancerous  tumour  invariably  demands  and 
obtains  :  the  second  is  its  mode  of  infiltrating  the  surrounding  tissues. 

Each  of  them  has  an  important  bearing  on  its  diff'usion. 

1.  The  much  larger  blood-siipjjli/  that  is  furnished  to  a  cancerous  growth 
than  is  sent  to  any  other  kind  of  tumour,  except  the  soft  sarcomata,  is  well 
known  to  all  practical  Surgeons.  A  scirrhus  of  the  mamma,  not  larger  than 
a  pigeon's  egg,  will  receive  a  far  larger  vascular  supply  than  an  adenoma  as 
large  as  a  cocoa-nut,  the  number  of  arteries  requiring  ligature  after  an  opera- 
tion in  one  case  being  greatly  in  excess  of  those  that  spout  in  the  other.  This 
abundant  vascular  supply  is  noticeable  in  the  removal  of  the  smallest  cancers, 
but  increases  with  the  size  of  the  tumour. 

The  tumour  itself  is  not  usually  very  vascular,  though  some  cancers,  as  the 
encephaloid,  are  so  abundantly  so  as  to  present  little  else  than  a  congeries  of 
vessels,  and  to  possess  active  pulsation  and  bruit ;  but  the  vascularization  is 
in  the  neighbouring  and  surrounding  parts,  in  the  midst  of  which  it  lies. 
This  greatly  increased  vascularity  of  the  neighbouring  tissues  is  most  pro- 
bably due  to  the  irritation  caused  by  the  peculiar  mode  of  growth  of  a 
cancer.    Simple  tumours,  such  as  lipomata,  enchondromata,  exostoses,  &c., 
merely  displace  the  surrounding  structures  slowly  by  their  pressure  as  they 
increase  in  size,  and  the  tissues  thus  have  time  gradually  to  acconnnodatc 
themselves  to  their  altered  position,  and  suffer  but  little  till  the  bulk  of  the 
tumour  becomes  very  considerable.    A  cancerous  tmnour,  on  the  other  hand, 
sends  out  processes  of  cells  which  grow  rapidly  and  force  themselves  into  the 
interstices  of  the  surrounding  parts,  and  it  thus  exerts  from  the  first  a  direct 
pressure  on  the  tissues  it  is  invading.    The  microscopic  appearances  of  the 
tissues  surrounding  the  advancing  ])rocesses  of  cells,  are  in  fact  identical  with 
those  of  inflammation.    The  vessels  are  dilated  and  full  of  blood,  and  the 
normal  structures  are  concealed  by  an  abundant  small  cell  infiltration  before 
Avhich  the  original  tissues  disappear  as  in  the  process  of  ulceration.  The 
quantity  of  lymph  returning  from  the  hyperiemic  tissues  Avill  necessarily  be 
greatly  increased  in  quantity,  and  the  lymph-spaces  and  lymphatic  vessels 
will  be  dilated,  and  thus  the  dissemination  of  the  cells  of  the  cancer  will  be 
greatly  facilitated  should  any  of  them  become  disengaged  from  the  general 
mass  and  enter  tlie  lymph-stream. 
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2.  The  second  important  point  in  connection  with  the  stnictnrc  of  a  ean- 
cerons  tnmour  is  the  ahsencc  of  an  onvclojhug  capsule ;  nnhke  ahnost  e\'ery 
simple  tumonr,  it  is  not  in  any  way  encysted  or  encapsnled.  As  before 
pointed  out,  there  is  every  reason  to  believe  that  the  processes  of  epithelial 
cells  which  force  their  way  into  the  snrronnding  structures  are  actually  lying- 
in  spaces  directly  communicating  with  the  lymphatic  vessels.  There  is  no 
barrier  between  them  and  the  tissues  they  are  invading,  nothing  to  limit  their 
extending  into  them  and  destroying  them. 

What  circumstances  or  conjunction  of  circumstances  can  possibly  favoui- 
more  highly  the  diflTusion  throughout  the  neighbouring  tissues  and  of  the 
whole  system  of  a  primary  growth,  than  such  a  mode  of  growth  stimulated  by 
active  hyperasmia  of  the  surrounding  structures  ? 

This  invasion  of  the  lymph-spaces  may  lead  to  a  much  earlier  contamina- 
tion of  tissues  and  of  the  system  than  is  generally  supposed.  We  do  not  know, 
and  there  is  in  the  present  state  of  science  no  possibility  of  ascertaining,  how 
soon  after  its  first  formation,  whilst  still  a  microscopical  Jiodule,  a  cancerous 
tumour  may  begin  to  shed  its  cells  into  neighbouring  areolar  spaces  or  lym- 
phatics. From  the  very  first  day  of  its  formation — from  the  A  ery  first  of  the 
multiplication  of  its  cells— the  highly  organized  but  fatal  cells  may  have 
started  on  their  travels  into  areolar  spaces,  carried  on  by  the  increased  lymph- 
stream,  but  capable  of  self-support  whenever  arrested,  and  in  their  new 
hahitat  developing  into  fresh  cancerous  centres  capable  of  the  same  process 
of  multiplication  and  of  local  infection,  which  may  be  indefinitely  extended  ; 
capable  also,  probably,  of  entry  into  the  vessels,  of  being  carried  through 
them  to  distant  organs,  and  deposited  in  them,  like  pya3mic  embola,  forming- 
centres  of  new  growth  in  the  lungs  or  liver. 

It  is  this  early  tendency  of  cancer  to  dissemination  that  leads  to  the  su])po- 
sition  of  its  being  constitutional.  For  the  system  may  become  permeated  by 
cells  shed  from  the  parent  primai-y  tumour,  before  this  has  attained  sufficient 
size  to  attract  serious  attention,  if,  indeed,  it  has  been  observed  at  all. 

Having  thus  described  the  cancer  in  general,  we  are  in  a  position  to  con- 
sider more  in  detail  the  special  varieties. 

1 .  G  LANDULAR  Oanc'ers,  or  canccrs  the  cells  of  which  belong  to  the  type 
of  fjlandular  or  spheroidal  epithelium,  may  arise  as  primary  tumours  in  any 
parts  in  which  glandular  epithelium  is  normally  present.  They  may  thus 
arise  in  the  breast,  the  sali\  ary  glands,  the  liver,  pancreas,  prostate,  kidney, 
and  many  other  parts.    They  are  sul)di\-ided  into  two  chief  varieties  : — 

1.  Scirrhus  or  hard  cancer,  in  which  the  stroma  is  very  abundant  and  firm. 

2.  Encephaloid  or  soft  cancer,  in  which  tbe  stroma  is  scanty  and  the  cells 
abundant.  These  two  forms  merge  insensibly  into  each  other,  and  no  sharp 
distinction  can  be  drawn  between  them.  A  tumour  that  one  Surgeon  would 
call  a  rapidly  growiiig  scin'hus  of  the  breast,  another  migbt  describe  as  enceph- 
aloid. A  third  variety  of  glandular  cancer  arises  from  colloid  degeneration 
of  the  cells  of  either  scin'hus  or  encephaloid,  and  this  is  known  as  colloid 
cancer,  which  will  be  described  separately. 

The  glandular  cancers  yield  on  scraping  or  pressure  a  milky  fluid,  termed 
the  Cancer -juice,  in  which  cells  and  granules  are  found  in  varying  proportions. 
The  "ranulcs  are  mostly  fatty,  and  are  the  result  of  fatty  degeneration,  of  the 
cells  of  the  tumour.  This  milky  juice,  it  nuist  be  observed,  is  not  absolutely 
characteristic  of  cancer.    It  is  yielded  by  the  lymphadenoniata  and  by  all  the 
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A.  Cells  fiiim  a  liuse  Eiicopliiiloid  ol  tlif  Breast. 

B.  Cells  Iroiii  Kfiiilms  of  tlie  Breast. 
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sarcomata,  provided  that  at  least  twenty-four  hours  elapse  after  their  removal 
before  they  arc  examined  and  that  decomposition  has  commenced.  The  C  ells 
(Fijr.  r>97)  are  extremely  variahle  in  shape  and  size.  They  may  be  round, 
caudate,  and  even  fusiform.  Many  varieties  of  form  are  usually  found  in  the 
same  tumour,  but  ocxjasionally  great  uniformity  prevails.    The  size  may  vary 

"  The  nuclei  are  oval  and  highly  refi-acting,  often 
placed  eccentrically  ;  they  are  of 
considerable  size  and  frequently 
donble,  while  in  some  cases  five  or 
six  may  be  found  in  the  same  cell. 
They  contain  l)right  shining  nucleoli. 
The  size  of  the  cells  is  not  indica- 
ti\-e  of  the  variety  of  the  cancer. 
Thus,  in  some  scirrhous  tumours  the 
cells  mav  be  small,  and  in  others 
large,  and  the  same  may  be  said  of 
cnccphaloid.  Tlie  distinction  be- 
tween scirrhus  and  encephaloid  is 
made  not  liy  the  size  of  the  cells, 
but  by  the  relative  proportions  of 
cells  and  stroma  in  the  mass.  All 
cancer-cells  are  prone  to  early  de- 
generation, usually  becoming  filled  with  fat-granules,  and  ultimately  breaking 
down  and  in  great  part  disappearing,  so  that  what  was  once  a  considerable 
mass  of  cells  may  be  represented  by  a  few  granules.  This  is  most  marked 
in  scirrhus. 

The  stroma  in  glandular  cancers  is  almost  invariably  fibrous,  but  in  the 
softer  forms  it  maybe  composed  partly  of  s]iindle-cells.  Q'he  alveolar  arrange- 
ment is  always  clearly  marked.  The  cells  lie  loosely  in  the  S])aces  often 
separated  from  each  other  by  a  small  quantity  of  fluid.  This  fluid,  with 
the  cells,  forms  the  "  cancer-juice."  In  the  degenerating  parts  of  the 
growth  the  stroma  frequently  contains  numerous  fat  granules,  and  in  very 
rare  cases  patches  of  calcification  are  met  with.  The  hload-ressels  are  usually 
abundant,  esi)ecially  in  the  softer  forms.  In  some  rare  instances  they  show 
curious  bud-like  processes  and  dilatations  projecting  from  their  walls  into  the 
alveolar  s]iaces  of  the  tumour.  These  may  give  way  and  distend  the  alveoli 
with  blood,  thus  forming  small  rounded  collections  of  blood  dotted  through 
the  growth.  The  unaided  eye  of  the  experienced  Surgeon  may  in  many  cases 
recognize  a  cancer  without  difficulty,  but  in  every  case  the  tumour  should  be 
examined  microscopically  in  order  to  determine  without  a  doubt  what  its  true 
nature  is. 

Scirrhus. — The  scirrhous  or  hard  cancer  is  met  with  more  commonly 
in  the  female  breast  than  in  all  other  parts  of  the  body  put  together, 
and  the  cases  that  come  under  the  care  of  the  Surgeons  are  almost  always 
exclusi^'cly  in  that  situation.  Thus  of  cases  of  scirrhus  admitted  in  the 
surgical  wards  of  University  College  Hospital  during  the  ten  years  1871 
to  1880,  113  were  situated  in  the  female  breast,  1  in  the  male  breast,  4  in 
the  skin  near  the  female  breast,  1  in  the  kidney,  and  8  in  the  jirostate. 
Nine  other  cases  were  admitted  as  "  scirrhus  of  the  rectum,"  and  two  as 
"  scirrhus  of  the  sigmoid  flexure,"  but  these  were  not  submitted  to  micro- 
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scopical  examination,  and  were  most  probably  coUiranar  epitbeb'omata. 
Scirrhns  is  met  with  also  in  the  stomach  and  pancreas,  and  a  soft  form — 
between  tlie  hard  and  soft  cancer,  and  conseqnently  sometimes  called  scirrho- 
cncephaloid — is  the  ordinary  primary  cancer  of  the  liver.  Secondary  scirrlius 
may  occur  in  almost  any  part  of  the  l)ody,  but  the  most  common  situations  arc 
tlie  lymphatic  glands,  liver,  lungs,  kidneys,  and  bones. 

Scirrhus  occurs  in  two  forms  ;  either  as  a  circumscribed  mass,  or  infiltrated 
in  the  tissue  of  an  organ.  In  either  case  it  forms  a  hard,  craggy,  incom- 
pressible, and  nodulated  tumour,  at  first  movable  and  unconnected  with  the 
skin,  but  soon  acquiring  deep-seated  attachments,  and  imjilicating  the  integu- 
ment. It  gi'ows  slowly,  seldom  attaining  a  larger  size  than  an  orange.  At 
times  it  is  painless,  at  others  painful,  generally  aching,  sometimes  with  much 
radiating  and  shooting  pain  through  it.  These  sensations  vary  according  to 
the  part  affected,  and  to  the  sensibility  of  the  individual  ;  the  pains  arc 
especially  severe  after  the  tumour  has  been  handled,  and  at  night  are  of  a 
lancinating,  neuralgic  character.  The  tumour  may  thus  continue  in  a  chronic 
state  for  a  considerable  length  of  time,  slowly  increasing,  gradually  extending 
its  deeper  prolongations,  and  implicating  the  more  superficial  parts.  In  some 
cases,  more  particularly  in  elderly  people,  scirrhus  gives  rise  to  atrophy  of 
the  organ  in  which  it  is  seated,  causing  wrinkling  and  puckering  of  the  sur- 
rounding skin,  Avhich  becomes  adherent  to  the  tumour ;  and  the  cancer  may 
thus  contiime  in  a  very  chronic  state. 

The  ulceration  takes  place  usually  by  the  skin  becoming  adherent  at  one 
point  to  the  tumour,  either  by  dimpling  in,  being  as  it  were  drawn  down 
towards  it,  or  else  by  being  pushed  forwards,  stretched,  and  implicated  in 
one  of  its  more  prominent  masses  ;  it  then  becomes  dusky  and  livid  red, 
somewhat  glazed,  and  covered  by  a  fine  vascular  net-work.  Softening  occurs 
at  one  point,  where  a  crack  or  fissure  forms  ;  a  clear  drop  of  gummy  fluid 
€xudes  fi'om  this,  and  dries  in  a  small  scab  upon  the  surface  ;  this  is  followed 
by  a  somewhat  bloody  discharge  of  a  thick  and  glutinous  character  ;  and  the 
small  patch  of  skin  from  which  it  issues,  becoming  undermined,  speedily 
sloughs  away,  leaving  a  circular  nicer.  This  gradually  enlarges,  becoming 
ragged  and  sloughy,  with  craggy  everted  edges,  having  irregular  masses  arising 
fi-om  its  surface,  and  discharging  a  fetid  sanious  pus.  The  ]iain  increases 
greatly  ;  and,  the  lymphatic  glands  becoming  involved,  cachexy  is  fully 
developed,  and  the  patient  is  destroyed  by  it  or  by  the  secondary  visceral 
deposits.  In  old  people,  ulceration  of  scirrhous  cancers  often  assumes  an 
extremely  chronic  character,  the  growth  in  them  not  being  endued  with  the 
same  vitality  as  in  the  young.  The  ulcer  in  these  cases  is  flat,  sloughy, 
of  a  greyish-green  colour,  hard  and  rugged,  with  puckered  edges,  and  much 
wrinkling  of  the  surrounding  skin,  and  exhaling  the  usual  fetid  odour.  In 
younger  persons,  and  especially  in  stout  women  with  florid  complexions,  the 
disease  usually  makes  rapid  progress.  So  also,  if  inflammation  be  accidentally 
■set  up  in  the  neighbouring  tissues,  cancerous  infiltration  rajiidly  takes  place  in 
them.  Occasionally,  but  very  rarely,  scirrhous  masses  slough  out,  leaving  a 
large  ragged  cavity,  which  may  even  cicatrize  ;  and  thus  a  spontaneous  cure 
lias  been  said  to  occur.  The  cancerous  infiltration  extends  to  a  considerable 
distance  around  the  tumour  into  integument  which  to  the  naked  eye  appears 
quite  healthy.  In  such  tissue,  however,  the  microscope  may  reveal  unequivocal 
•evidence  of  the  existence  of  c;inccr-cclls  diffused  througli  it.    Wherever  the 
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small-celled  infiltration  can  be  recognized,  which  surrounds  a  cancerous  growth 
like  a  halo,  and  gradually  shades  oif  in  the  surrounding  healthy  textures,  the 
tissues  must  be  regarded  as  infected.  It  is  of  great  importance  in  determin- 
ing the  question  of  operation  to  Ijcar  this  in  mind,  and  not  to  act  on  the 
supposition  of  the  tumour  l)eing  abruptly  defined. 

The  secondary  growths  in  scin-hous  cancer  form  first  in  the  lymphatic  glands 
in  almost  every  case  ;  later  on  they  may  occur  in  the  liver,  lungs,  bones,  and 
other  parts.  In  the  lungs  and  liver  they  are  frequently  much  softer  than  the 
primary  growth,  so  that  in  some  cases  they  might  be  more  properly  termed 
encephaloid  than  scirrhous.  In  the  lymphatic  glands  they  are  often  almost 
as  firm  as  the  original  tumour. 

Structure. — On  cutting  into  a  scirrhous  tumour  with  the  scalpel,  it  usually 
creaks  somewhat  as  it  is  divided,  and  presents  a  whitish  or  bluish-white 
glistening  surface,  intersected  by  white  bands,  which  apparently  consist  partly 
of  new  structure,  and  partly  of  included  areolar  tissue.  This  section  has  not 
inaptly  been  comj^ared  to  the  appearance  jiresented  by  a  cut  through  a  turnip 
or  an  unripe  pear. 

A  curious  feature  about  scirrhous  cancer,  in  which  it  diflPers  from  almost  all 
other  tumours,  is  that  it  becomes  cup-shaped  on  section.  This  seems  to  be 
due  to  the  fact  that  in  most  scirrhous  tumours  a  kind  of  process  of  cicatriza- 
tion takes  place  in  the  central  parts,  while  the  peripheral  parts  are  still  grow- 


ing. The  cells  undergo  fatty  degeneration  and  bfeak  up.  The  greater  part 
of  the  products  of  degeneration  are  absorbed,  and  only  a  narrow  streak  of 
granules  may  be  left  to  represent  a  once  large  accumulation  of  cells.  It  is 
this  shrinking  of  the  growth  that  drags  in  the  nipple  in  scirrhus  of  the  breast, 
and  perhaps  it  is  the  evident  state  of  tension  in  Avhich  the  tumour  is  that 
gives  rise  to  the  peculiar  pain  of  scirrhus  in  general.  On  examining  a  scirrhous 
cancer  microscopically  (Figs.  31)8,  it  will  be  found  to  be"  surrounded 

everywhere  by  a  zone  of  small  round  cells  infiltrating  the  surrounding  parts, 
penetrating  between  fat-cells  or  muscular  fibres,  and  extending  along  bands  of 
connecti^•e  tissue.  A  little  nearer  th  e  centre  the  alveolar  arrangement  becomes 
apparent,  and  groups  of  rounded  or  irregular  cells,  with  large  oval  nuclei  are 
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found  imbedded  in  spaces  in  a  stroma  of  coarse  fibrous  tissue.  These  spaces 
communicate  with  each  other  like  those  of  a  sponge.  The  stroma  and  cells 
at  this  part  usually  form  about  equal 
bulks  of  the  growth.  The  stroma  shows 
signs  of  active  growth,  having  spindle- 
cells  scattered  here  and  there  through 
it,  sometimes  in  abundance.  A  little 
nearer  the  centre  we  find  that  the 
stroma  has  become  more  dense,  the 
spindle-cells  being  replaced  by  elon- 
gated tailed  cells,  with  scarcely  any 
protoplasm  around  the  nucleus.  The 
cells  of  the  cancer  are  here  besfinnino; 
to  degenerate,  the  nuclei  becoming 
hidden  by  clouds  of  fat-granules,  and  a 
similar  change  may  also  be  apparent 
in  the  stroma.  Towards  the  centre  the 
fatty  cells  disappear,  and  a  few  granules 
only  mark  where  they  were  ;  the  stroma 
becomes  dense  and  hard,  and  even  the 
nuclei  before  mentioned  are  difficult  to 
recognize.  The  above  is  a  description 
uf  the  ordinar}'  scirrhus  of  moderately 
slow  growth.  In  more  vigorously 
growing  specimens  the  degeneration  is  delayed,  the  cicatrization  is  less  jDcrfect, 
and  the  proportion  of  the  bulk  occupied  by  the  cells  is  increased. 

It  is  not  always  easy  to  determine  the  exact  mode  of  growth  in  scirrhous 
cancer,  as  the  young  spheroidal  epithelium-cells  closely  resemble  the  small 
round  cells  infiltrating  the  'tissues  at  the  growing  margin.  In  the  softer 
and  more  diffused  forms,  it  is  often  possible,  however,  to  observe  the  earliest 
changes  in  the  acini.  It  will  then  be  seen  that  the  morbid  process  does  not 
start  from  a  single  acinus.  Many  acini  lying  near  each  other  may  show 
\  arious  stages  of  overgrowth  of  the  epithelium.  At  first  the  new  cells  arc 
contained  within  the  distended  membrana  propria  of  the  acinus,  but  as 
the  process  advances,  they  burst  beyond  its  limits,  and  penetrate  amongst 
the  surrounding  tissues.  In  the  harder  tumours  of  slower  growth  this  often 
cannot  be  recognized,  as  the  area  of  the  gland  affected  is  smaller,  and  by  the 
time  it  comes  under  observation  the  acini  have  disappeared,  and  columns  of 
cells  only  are  found  extending  into  the  surrounding  tissues. 

Encephaloid. — As  before  stated,  this  is  not  separable  from  scirrhus.  The 
greater  part  of  the  tumours  which  were  formerly  classed  as  encephaloid  cancers, 
are  now  included  under  the  sarcomata.  A  glandular  cancer  growing  with  such 
rapidity,  and  of  such  softness  of  structure,  as  to  merit  the  name  of  encephaloid 
is  in  fact  a  rare  occurrence  in  surgical  practice.  During  the  ten  years  1871  to 
1 880,  there  were  admitted  under  the  care  of  the  Surgeons  of  University  College 
Hospital  only  eight  cases  which  were  classed  as  encephaloid  cancer.  Five  of 
those  were  in  the  breast,  two  in  the  testicle,  and  one  was  believed  to  have 
originated  in  the  tonsil  or  the  glands  in  its  neighbourhood.  Encephaloid 
cancer,  like  scirrhus,  arises  only  in  structures  containing  glandular  or  spheroidal 
epithelium.    It  commences  as  a  tumour,  which  though  occasionally  somewhat 
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Fig.  399.— SciiThus  of  Brea.st  (ISS  diaiu.).  Jtut-h 
cicatrized ;  the  stroma  bears  a  large  jiroportioii 
to  the  cells,  which  are  small  and  granular  :  in  a 
fully  cicatrized  specinieti  there  would  be  .similar 
alveolar  spaces  containing  only  granular  debri.s 
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hard,  is  usually  from  the  first,  or  at  all  events  soon  becomes,  soft  and  elastic, 
being  more  or  less  lobulated,  growing  rapidly,  and  having  an  elastic  and  at  last 
a  semi -fluctuating  feel.  The  skin  covering  it  is  usually  at  first  pale  and  loose, 
with  a  lai'ge  net-work  of  dilated  veins  spreading  over  it.  In  some  cases,  how- 
ever, at  a  ^'ery  early  period,  a  species  of  inflammatory  oedema  occurs  in  the 
integuments  covering  rapidly  growing  encephaloid  tumours.  As  the  tumour 
enlarges,  the  skin  becomes  adherent,  discoloured,  of  a  purple-brown  tint,  and 
at  last  ulcerates  at  one  point.  When  once  the  tumour  has  made  its  way 
through,  and  is  relieved  from  the  pressure  of  the  fascia  and  integuments,  the 
rapidity  of  its  growth  becomes  fearfully  increased  ;  and  a  large  soft  fungous 
mass,  rugged,  irregular,  dark-coloured,  and  bleeding  profusely,  rapidly  sprouts 
forth,  constituting  the  affection  to  which  Hey  gave  the  appropriate  terra  of 
f  ungus  hcamatodes :  when  this  condition  has  been  reached,  death  rapidly  ensues 
from  exhaustion  and  hasmorrhage.  Pulsation  has  been  met  with  in  particular 
forms  of  very  vascular  encephaloid  ;  in  these  cases  also  a  loud  bruit,  synchro- 
nous with  the  pulsation  and  the  heart's  action,  has  been  detected,  and  may  be 
heard  on  the  application  of  a  stethoscope.  These  symptoms  are,  however,  far 
more  commonly  met  with  in  soft  small  round-celled  sarcomata  of  bone,  in 
wdiich  the  pulsation  may  be  so  marked  that  the  disease  may,  unless  care  be 
taken,  be  confounded  wdth  aneurism. 

The  constitutional  cachexy  in  encephaloid  occurs  early  and  is  well  marked, 
and  secondary  growths  speedily  make  their  appearance  in  the  lymphatic 
glands  and  viscera. 

Structure. — After  removal,  the  tumour  is  found  to  l)e  very  vascular,  dis- 
playing on  injection  a  close  net-work  of  vessels.    On  a  section  being  made,  it 


Fig.  400.-Enceplialoi(l  of  Breast  (1S8  .liuni.).    Tlie  large-celled  variety.    Attention  is  directed  to  the  n.ucl. 

larger  spaces  in  this  than  in  Sciri-lms. 

commonly  presents  a  soft  pulpy  white  mass,  closely  resembling  cerebral  sub- 
stance,  stained  and  blotched  with  bloody  patches,  varying  in  colour  from  a 
bright  red  to  a  maroon-brown,  this  being  dependent  on  blood  that  has  been 
infiltrated  into  its  substance.  In  other  cases,  its  section  has  been  compared  to 
that  of  a  raw  potato,  or  a  piece  of  boiled  udder.  On  microscopic  examination, 
it  will  be  found  to  present  a  structure  essentially  similar  to  that  of  scin-hus,' 
that  is  to  say,  an  alveolar  stroma  enclosing  groups  of  free  cells  of  an  epithelial 
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type.  The  cells  may  in  some  eases  be  lai;s:ev,  but  are  often  smaller  than  those 
usually  seen  in  scirrhus  (Fig.  4()0).  They  assume  the  same  irregular  forms, 
and  have  each  one  or  more  highly  refracting  nuclei  and  nucleoli.  The  pro- 
portion of  the  bulk  of  the  tumour  composed  of  cells  is,  however,  infinitely 
greater  in  encephaloid  than  in  scirrhus,  and  the  vascularity  of  the  tumour  is 
proportionately  increased.  The  tumour  does  not  show  the  same  tendency  to 
cicatricial  contraction,  although  fatty  degeneration  always  occurs  in  the  central 
parts. 

CoUoid,  Gelatinous,  Gelatiniform  or  Alveolar  Cancer  is  a  variety 
formed  by  the  colloid  degeneration  of  the  cells  of  a  glandular  cancer,  either  of 


Fig.  401.— Colloid  of  Oiueutum  (188  diam.).  Shows  the 
concentric  rings  and  the  granular  masses  which  have 
taken  the  place  of  the  cells  ;  and  at  one  part  a  few  cells 
still  retiiin  their  sliajie. 


Fig.  402.— A.  Colloid  of  Breast.  Shows  re- 
lation of  cells  to  stroma,  and  the  colloid 
material  in  some  cases  filling  the  cell,  in 
others  pushing  the  nucleus  to  one  side  or 
completely  surrfiunding  it.  a.  Isolated 
cells  from  the  same  tumour,  c.  Isolated 
cells  from  colloid  of  omentum. 

(4.04  diam.) 


the  scirrhous  or  encephaloid  form,  but  most  commonly  the  former.    It  may 
occur  in  distinct  masses,  often  of  a  very  large  size,  weighing  many  pounds,  or 
may  be  infiltrated  into  the  tissue  of  organs.  As  it  is  most  commonly  met  with 
in  the  viscera  of  the  abdomen,  it  does  not  so  often  fall  under  the  observation 
of  the  Surgeon  as  the  other  varieties  of  cancer.  Yet  it  is  not  uncommon  in  the 
breast,  where  I  have  met  with  it,  forming  a  veiy  large  tumour :  and  there  is  a 
preparation  in  the  University  College  Museum  of  a  scirrhous  breast  containing 
colloid.  Colloid  cancer  consists  of  alveolar  spaces  of  great  size,  filled  with  a  clear 
semi-transparent  yellowish  gelatinous  or  honey-like  material,  resembling  indeed 
somewhat  the  structure  of  a  honey-comb.    The  septa  forming  these  spaces  are 
distinctly  fibrous  and  regular  in  their  arrangement  (Fig.  401).    Some  of  the 
spaces  are  completely  filled  with  colloid  matter,  others  may  show  a  few  cells 
containing  fat  granules  in  the  centre,  surrounded  by  zones  of  granules,  result- 
ing from  the  degeneration  of  other  cells.    Cells  again  may  be  seen  in  the  pro- 
cess of  undergoing  colloid  degeneration  (Fig.  402).  A  globule  of  colloid  matter 
first  appears  pushing  the  nucleus  to  one  side  ;  afterwards  the  nucleus  under- 
goes a  similar  degeneration  ;  and  finally  the  cell  bursts  and  disajDpears,  leaving 
behind  it  only  a  few  granules.    True  colloid  cancer  is  merely  a  degenera- 
tion of  scirrhus  or  encephaloid.    Many  other  tumours  liave  been  described  in 
former  times  as  colloid,  amongst  which  may  be  mentioned  many  myxomata, 
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(Edematous  soft  fibromata,  aud  some  glandular  tumours  which  had  undergone 
colloid  degeneration. 

Diagnosis  of  Glandular  Cancer. — In  the  diagnosis  of  a  cancer  the  age 
of  the  patient  is  an  important  consideration,  such  tinnours  being  very  rare 
before  8(i.  Too  much  importance  must  not  be  attached  to  an  liereditarv 
history  of  cancer,  or  it  may  lead  us  into  eiTor.  A  most  important  sign  of 
cancer  is  that  the  tumour  forms  part  of  the  structure  it  is  invading.  It  may 
he  tolerably  clearly  defined  in  outline,  but  it  is  not  separable  from  the  sur- 
rounding tissue.  It  early  becomes  adherent  to  the  skin  when  occurring  in  a 
superficial  part.  In  the  later  stages  the  adhesion  is  evident,  but  at  first  it  can 
be  recognized  only  by  pinching  up  the  skin  widely  with  the  finger  and  thumb 
when  it  will  be  seen  to  dimple  slightly  at  the  part  over  the  tumour.  Both 
those  signs,  the  implication  of  surrounding  structures  and  the  dimpling  of 
the  skin  may,  however,  also  be  present  in  chronic  inflanmiation  with  fibroid 
induration. 

The  diagnosis  of  the  different  forms  of  cancer  is  not  always  easily  made. 
ScirrJms,  Avhen  not  widely  infiltrating,  may  very  readily  be  confounded  with 
fibrous  tumours  and  adenomata,  or  with  the  indurated  atrophy  of  a  part ;  in 
many  of  these  cases,  indeed,  the  diagnosis  cannot  be  correctly  effected  until 
after  examination  by  incision.  In  other  cases,  however,  the  rugged  feel,  the 
lancinating  pains,  the  implication  of  the  lymphatic  glands,  or  the  affection 
of  the  general  health,  will  commonly  serve  to  establish  the  diagnosis.  When 
ulceration  has  taken  place,  the  previous  condition  of  the  tumour,  the  general 
character  of  the  sore,  and  the  microscopic  examination  of  the  debris,  may  serve 
to  denote  its  true  character. 

Encephaloid  may  be  confounded  with  abscess,  with  cysts,  or  with  erectile 
and  sanguineous  tumours,  and  with  the  various  soft  varieties  of  sarcoma  ;  and, 
when  pulsating,  with  aneurism.  In  these  cases  careful  palpation,  the  existence 
of  elasticity  without  fluctuation,  and  the  presence  of  the  large  and  tortuous 
veins  ramifying  over  the  surface  of  the  mass,  may  establish  its  true  character. 
When  it  is  fungating,  it  may  be  confounded  with  the  sprouting  intracystic 
growths  that  sometimes  spring  from  the  interior  of  a  cystic  tumour.  Here, 
however,  the  history  of  the  case  and  the  contamination  of  neighbouring 
lymphatics,  will  show  the  true  nature  of  the  affection. 

In  all  cases  in  which  there  is  doubt  as  to  the  nature  of  the  growth  an  incision 
should  be  made  into  it,  if  it  is  a  case  fit  for  removal  by  operation,  and,  if 
necessary,  a  slice  should  be  removed  and  examined  by  the  naked  eyes,  or 
a  scraping  of  it  may  be  put  under  the  microscope.  It  is  much  better  to 
do  this  than  to  lose  valuable  time  by  waiting  till  the  symptoms  become  more 
definite. 

The  diag-nosis  of  a  tumour  as  a  cancer  is  sometimes  materially  obscured  by 
the  accidental  development  of  abscess  in  the  tissues  around  or  above  it.  In 
such  cases,  the  continuance  of  a  swelling  which  is  evidently  not  inflammatory, 
after  the  pus  has  been  evacuated,  may  lead  to  a  suspicion  as  to  the  true  nature' 
of  the  disease. 

i.  Squamous  Epithelioala..— Squamous  epithelioma,  or  as  it  has  also  been 
called  epithelioma,  epithelial  cancer,  or  cancroid,  was  at  one  time  considered  to 
be  distinct  from  true  cancer.  There  is  nothing,  however,  to  justify  such  a 
distinction.  The  term  epithelial  cancer  or  epithelioma  is  not  a  good  one, 
for  as  has  just  been  pointed  out,  the  scirrhus  and  encephaloid  arc  equallv 


SQUAMOUS  EPITHELIOMA. 


1029 


epithelial  j^rowths  though  arising  from  a  different  type  of  epithelium.  Squa- 
mous epithelioma  arises  from  any  situation  in  which  squamous  epithelium  is 
naturally  present.  The  essential  feature  of  the  growth  by  which  it  is  distin- 
guished from  a  simple  wart  or  papilloma  is  that  the  epithelium  no  longer 
merely  co\-ei*s  the  papilla?,  but  forces  its  way  between  them  into  the  structures 
beneath. 

Causes  and  Situation. — Epithelioma,  rare  in  the  young,  is  common  in 
middle-aged  or  elderly  people,  the  tendency  to  it  increasing  in  proportion  as 
age  advances.  In  this  respect  it  follows  the  course  of  other  cancers.  The 
hercditariness  of  epithelioma  is  not  so  marked  as  that  of  scirrhus,  so  much  so 
that  it  has  been  doubted.  I  ha^•e  no  eA'idence  in  either  way  on  this  point. 
My  impression  is  that  it  is  not  distinctly  hereditary.  It  has  been  said  to 
have  been  communicated  by  contact  from  the  uterus  of  the  female  to  the 
penis  of  the  male,  but  this  is  extremely  doubtful.  It  is  certain  that  in  the 
great  majority  of  cases  in  which  such  contact  has  taken  place  no  evil 
consequences  follow. 

It  is  frequently  occasioned  by  the  long-continued  or  repeated  application 
of  some  source  of  irritation,  aud  may  thus  be  established  in  constitutions  other- 
wise perfectly  healthy.  Thus,  the  irritation  of  a  broken  tooth  upon  the  tongue 
or  cheek  may  produce  epithelioma  of  those  parts.  The  scrotum  in  chimney- 
sweepers not  unfrequeiitly  becomes  the  seat  of  epithelioma,  in  consequence  of 
the  lodgment  and  irritation  of  soot  in  its  ruga;.  Cancer  of  the  tongue  or  lip 
is  frequently  attributed  to  the  irritation  caused  by  smoking.  In  some  cases 
epithelioma  arises  in  ]iarts  which  have  long  suffered  from  an  abnormal 
condition  of  the  epithelium.  Thus  the  so-called  "smooth  or  scaly  tongue" 
has  a  great  tendency  to  terminate  in  cancer  sometimes  after  the  condition  has 
lasted  for  ten  or  even  twenty  years.  Epithelioma  not  unfrequently  originates 
in  old  scars. 

Its  most  common  seat  on  muco-cutaneous  surfaces.  During  the  ten  years, 
187U  to  1880,  123  cases  of  squamous  epithelioma  were  admitted  into  the 
surgical  wards  of  University  College  Hospital.  They  were  distributed  as 
follows  :  tongue,  52  ;  lips,  18;  skin  of  limbs  and  trunk,  ]() ;  penis,  8;  vulva, 
7  ;  cheeks  aud  gums,  7  ;  anus,  4  ;  scars  in  various  parts,  .3  ;  skin  of  face,  ?> ; 
scrotum,  2 ;  oesophagus,  2  ;  larynx,  2 ;  bladder,  2 ;  soft  palate,  1  ;  and 
antrum,  1.  During  a  similar  period  47  cases  of  cancer  of  the  uterus  were 
admitted  into  the  woinen's  ward,  but  the  hospital  report  docs  not  distinguish 
between  the  different  forms  of  the  disease  in  these  cases.  Eleven  cases  of 
malignant  stricture  of  the  oesophagus,  probably  all  epithelioma,  were  also 
admitted  into  the  medical  wards. 

The  selection  of  a  particular  site  by  epithelioma  appears  often  to  ])e 
capricious,  though  it  is  doul)tless  dependent  on  anatomical  peculiarities  of  the 
part.  Thus  it  is  common  in  the  lower  lip,  but  so  rare  as  scarcely  to  have  been 
observed  in  the  upi)er.  In  Avomen  it  rarely  attacks  the  lower  lip,  in  men  often ; 
when  occurring  in  mucous  canals  it  chiefly  affects  their  ends.  Thus  the 
lower  end  of  the  pharynx,  the  upper  end  of  the  oesophagus,  and  the  anus  arc 
all  favourite  sites. 

Progress. — Squamous  epithelioma  commences  cither  as  a  small  flat 
tubercle,  or  a  Avarty  growth,  which  rapidly  ulcerates.  Sometimes  when  it 
first  comes  under  observation,  it  may  already  form  an  intractable  fissure,  or 
ulcer,  of  limited  size,  with  hard  everted  edges  and  a  foul  surface.    In  other 
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cases,  papillai  of  ^jreat  size  may  form  on  the  surface  of  the  growth  before 
ulceration  takes  place.  This  is  especially  marked  in  cancer  of  the  penis,  in 
which  the  papilla  arc  sometimes  half  an  inch  in  leugth.  In  the  bladder 
epithelioma  may  assume  a  villous  form.  When  ulceration  takes  place  the 
destruction  of  tissue  slowly  spreads,  implicating  every  structure  at  its  circum- 
ference. Such  an  ulcer  attacks  not  only  the  soft  parts,  but  may  extend  into  a 
neighbouring  bone,  penetrating  deeply  into  its  structm-e  and  eroding  it.  In  a 
case  under  my  care  in  University  College  Hospital,  in  which  the  ulceration 
started  from  a  gland  secondarily  affected  after  removal  of  an  epithehoma  of 
the  hp,  the  greater  part  of  the  symphysis  of  the  jaw  was  destroyed  and  the 
whole  floor  of  the  mouth  eaten  away  till  the  tongue  hung  out  below  on  the  skin 
of  the  neck.  Epithelioma  of  the  eyelids  may  invade  and  destroy  the  eyeball. 
When  arising  from  the  mucous  membrane  of  the  nose  epithelioma  may  form 
one  variety  of  the  so-called  malignant  polypus.  I  have  seen  an  epithelioma 
as  large  as  a  small  orange,  developing  in  this  situation  and  passing  into  the 

orbit  and  to  the  cheek.  In  the  mouth  and 
uterus  I  have  seen  epitheliomata  which, 
though  commencing  fi.*om  the  mucous  mem- 
brane, have  penetrated  into  the  deeper  parts 
and  thus  appeared  to  have  originated  in 
them.  Epithelioma  of  the  scrotum,  if  left 
unrelieved  by  treatment,  will  at  last  extend 
to  and  implicate  the  testicle. 

After  an  epithelioma  has  lasted  a  certain 
time  secondary  growths  appear  in  the  nearest 
lymphatic  glands.  This  takes  place  with 
^■arying  rapidity  in  different  cases.    It  was 

Vvi.  403. — Eiiitheliniiia  of  Ldwcr  Lip.  •   j.    i        ^  i      tx  a        ii    i_i     i  n 

Male :  about  21.  poiuted  out  by  Hcnry  Arnott  that  the  nn- 

plication  of  the  glands  'takes  place  most 
rapidly  when  the  primary  growth  is  situated  in  soft,  vascular  parts  much 
exposed  to  movement.  Thus  it  takes'place  much  more  readily  in  epithehoma 
of  the  tongue,  than  in  the  same  disease  of  the  skm  of  the  trmik.  The  affected 
glands  increase  in  size  steadily,  but  not  usually  very  rapidly,  and  after  a  time 
fresh  glands  become  infected.  When  they  reach  the  surface  they  adhere  to 
the  skin,  the  central  parts  soften  and  become  diffluent,  and  finally  the  skin 
gives  way  and  a  ragged,  foul  cavity  is  exposed,  discharging  a  thin,  blood- 
stained fluid,  which  tends  to  become  extremely  ott'ensive.  Ei^ithelioma  differs 
from  glandular  cancers  in  one  imiwrtant  respect ;  it  has  but  little  tendency  to 
extend  beyond  the  lymphatic  glands,  and  to  appear  in  the  viscera  or  distant 
parts.  It  does  so,  however,  with  sufficient  fi'equency  to  show  that  the  absence 
of  secondary  tumours  in  the  viscera  is  not  an  essential  feature  of  epithelioma. 

Epithelioma  most  commonly  occurs  in  otherwise  healthy  subjects.  Even 
after  the  glands  have  become  affected  the  general  health  may  be  but  littlo 
impaired  for  some  time  ;  but  sooner  or  later  the  patient  begins  to  lose  flesh 
and  the  so-called  "  cancerous  cachexia  "  makes  its  appearance.  Epithelioma 
may  prove  fatal  by  the  progress  of  the  local  disease,  and  by  its  external 
ulceration  ;  liy  its  affecting  a  part  essential  to  life,  as  the  oesophagus  or 
larynx  ;  by  pressure  of  enlarged  glands  on  important  parts ;  and  by  the 
induction  of  constitutional  cachexy  and  malnutrition  with  gradual  exhaustion. 

Structure. — On  microscopic  examination,  a  squamous  epithelioma  will  be 
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found  to  be  composed  of  masses  of  cells  of  the  type  of  scaly  epithelium, 
formiug  irregularly  cylindrical  processes  communicating-  with  each  other. 
From  the  irregular  course  of  these  processes,  they  are  cut  in  a  A  ariety  of 
directions  in  every  thin  section,  so  that  the  groups  of  cells  do  not  give  the 
idea  of  cylinders,  but  i-ather  of  circular,  oval,  and  irregular  masses  not  in 
direct  connection  with  each  other.  Between  these  cylinders  is  a  fibrous 
tissue  bearing  abundant  vessels  for  the  nutrition  of  the  non-vascular  epithe- 
lium. This  fibrous  tissue  is  more  or  less  infiltrated  with  small  round  cells,  in 
proportion  to  the  rapidity  of  the  growth  of  the  tumour.  It  will  be  seen  from 
the  above  description  that  the  structure  of  an  epithelioma,  although  diflTering 


Fig.  404. — Epitheliciiiia  of  Amis  (40  diaiii.).  cjJiows  the  lobules  extending  down  into  tlie  connective  tissue, 
wliiuh  is  infiltrated  with  small  round  cells ;  four  globes  are  seen.  Tlie  isolated  masses  are  probably 
cylinders  cut  obliquely. 

in  detail,  is  in  the  main  similar  to  that  of  scirrhous  and  enccphaloid  cancer  ; 
that  is  to  say,  cells  of  an  epithelial  type,  imbedded  in  spaces  in  a  fibrous 
stroma,  which  freely  communicate  with  each  other  (Fig.  404). 

As  in  normal  squamous  epithelium  covering  a  papilla  of  the  skin,  the  cells 
next  to  the  fibrous  and  vascular  tissue  are  softer  aud  rounder  in  form  than 
those  of  greater  age.  In  tlie  centre  of  the  terminal  portion  of  a  cylinder  of 
cells  or  in  a  branching  process  from  it,  the  epithelium  often  becomes  fiattened 
by  pressure,  and  arranged  circularly  so  as  to  form  a  globe  (epithelial  nest, 
epithelial  pearl).  These  nest-like  formations  arc  produced,  according  to 
Virchow,  by  the  remarkable  tendency  to  endogenous  cell-growth  exhibited  by 
some  of  the  central  cells,  and  the  development  of  large  "  brood-spaces  "  within 
them.  The  pressure  produced  by  this  formation  of  brood-spaces,  and  the 
endogenous  cell-growth  accompanying  it,  causes  the  marginal  cells  to  become 
flattened  and  to  take  on  a  concentric  arrangement.  Possibly  these  globes  may 
be  formed  in  both  ways ;  but  the  appearance  usually  presented  by  them  rather 
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FifT.  405.— Epithelicima  of  Anns  (18S  diuiii.). 
Illustrates  the.  stnicture  of  an  epitlieliiil 
globs,  and  shows  tlie  spinous  cells  which 
occnr  nonnally  in  tlie  Malpighiau  layer  of 
the  skin. 


suggests  the  former  than  the  latter  process,  as  the  central  parts  are  most 
frequently  dry  and  hard,  and  present  no  signs  of  active  growth.  Similar 
globes  are  not  unfrequeiitly  formed  in  simple  warty  growths,  and  must  there- 
fore not  be  considered  diagnostic  of  epithelioma.  The  fully  formed  cells 
often  present  beautifully  serrated  edges,  the  serrations  of  one  interdigitating 
with  those  of  its  neighbours.  This  is  well  shown  in  the  accompanying 
di-awing  (Fig.  405),  taken  from  a  small  epithelioma  of  the  anus  which  I 
removed  in  University  College  Hospi  tal.  The  individual  cells  of  an  epithelioma, 

as  obtained  l)y  scraping,  differ  but  little 
from  the  healthy  scaly  epithelium  that 
may  be  got  from  the  mucous  membrane 
of  the  cheek  or  lip.    They  are  often 
hircrer,  and  sometimes  contain  more  than 
one  nucleus.    In  the  older  parts  of  the 
growth,  they  are  usually  filled  with  fat- 
granules.     When    an    epithelioma  has 
undergone  ulceration,  the  surface  is  fre- 
quently covered  with  prominent  masses 
like  large  granulations,  and  the  diagnosis 
of  the  nature  of  the  growth  can  often 
be  made  by  removing  one  of  them  and 
submitting  it  to  microscopic  examination. 
If  in  a  simple  ulcer  the  skin  be  completely 
destroyed,   epithelium    is    never  found 
except  at  the  margins  ;  in  an  epithelio- 
matous  ulcer,  on  the  contrary,  it  is  fomid 
at  every  part  of  the  ulcerating  surface.    The  vesseh  of  epithelioma  are 
abundant,  but  not  so  plentiful  as  those  of  scirrhus  or  cncephaloid.    As  to 
the  relation  of  the  growths  to  the  li/mjyJiatks,  there  is  some  difference  of 
opinion.    Thiersch  and  Waldeyer  believe  that  they  have  demonstrated  a 
lymphatic  endothelium  covering  the  cylinders  of  cells,  and  consequently  are  of 
opinion  that  the  epithelium  is  actually  within  lymph-spaces.    The  anastomosis 
between  the  cancer-cylinders  is  said  exactly  to  resemble  that  normally  seen 
between  the  lymph-spaces.    The  secondary  tumours  present  the  same  general 
characteristics  as  the  primary  growth,  but  they  are  usually  softer,  and  the 
epithelial  nests  are  always  less  abundant  and  sometimes  wanting. 

The  mode  of  gi-owth  of  a  squamous  epithelioma  can  often  be  observed 
without  difficulty.  If,  for  instance,  a  small  warty  growth  from  the  lip  be 
removed  in  an  early  stage  and  examined  microscopically,  it  will  be  found  to 
be  composed  of  hypertrophied  papillte  covered  with  an  exuberant  growth  of 
scaly  epithelium.  The  papillfe  increase  in  size  as  the  centre  of  the  growth  is  ap- 
proached. The  cutis  vera  beneath  the  large  papilla?  and  the  papillte  themselves 
are  infiltrated  with  small  round  cells.  In  the  circumferential  parts  of  the  growth 
the  epithelium  will  be  found  to  be  entirely  superficial,  but  in  the  central  parts, 
between  two  or  more  papillte,  a  process  of  epithelium  cells  will  be  seen  forcing 
itself  into  the  cutis  vera,  which  is  very  abundantly  infiltrated  at  that  spot  with 
small  round  cells.  So  long  as  the  epithelium  is  all  superficial  the  growth 
cannot  be  said  to  be  malignant,  and  would  be  classed  as  a  simple  wart  ;  when- 
ever the  epithelium  cells  can  be  seen  bursting  through  between  the  papillfe 
and  extending  into  the  tissues  beneath  the  growth  is  undoubtedly  cancerous. 
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The  scaly  tougue  undergoing  conversion  into  epithelioma  also  offers  a  favour- 
able opportunity  of  observing  the  same  process. 

Diagnosis. — The  diagnosis  of  epithelioma  from  the  other  forms  of  cancer  is 
not  always  easy.  The  principal  points  that  should  guide  the  Surgeon  are  : 
] .  The  almost  invariable  occurrence  of  the  epithelioma  on  the  mucous  or  muco- 
cutaneous surfaces.  -1.  Its  early  ulceration  ;  often  almost  from  the  very 
commencement.  3.  The  rapidity  with  which  ulceration  follows  on  the  new 
growth.  4.  The  origin  of  the  disease  from  some  evident  source  of  external 
irritation.  5.  The  absence  of  all  evidence  of  contamination  of  internal 
organs. 

The  Prognosis  of  squamous  epithelioma  is  far  more  favourable  than  that 
of  scirrhus  or  cncephaloid.  Its  superficial  origin  makes  it  possible  for  the 
Surgeon  to  recognize  it  early  and  remove  it  in  some  cases  before  the  glands 
are  affected,  and  even  after  glandular  enlargement  has  taken  place  there  is 
hope  in  some  cases  of  completely  eradicating  the  disease  by  removing  the 
affected  o-lands. 

Recurrence  after  Removal  takes  place  in  squamous  epithelioma  as  in 
glandular  cancer  in  the  scar  or  its  immediate  neighbourhood,  and  in  the 
lymphatic  glands,  and  in  these  situations  is  due  to  the  same  pathological 
conditions.  Distant  recurrence  is,  as  before  stated,  less  common,  but  when 
it  does  not  take  place  it  is  due,  as  in  other  forms,  to  dissemination  of  cancer- 
elements  throughout  the  body.  In  one  case  in  which  I  removed  an  epithelioma 
of  the  tongue  recurrence  took  place  in  one  of  the  toes  and  in  the  lung  after  a 
lapse  of  nearly  two  years. 

Epithelioma  presents  the  peculiarity,  however,  of  re-appearing  in  some  rare 
cases  in  the  neighbourhood  of  the  primary  growth  and  yet  not  in  connection 
with  it.  In  these  cases  it  would  appear  as  if  there  was  a  tendency  to  epithe- 
lioma in  a  particular  region  of  the  body,  which  becomes  more  or  less  widely 
affected  in  different  parts  in  a  consecutive  manner.  Thus  I  have  seen  after  the 
removal  of  an  epithelioma  of  the  lip  on  one  side,  recurrence  of  the  disease  inside 
the  mouth  on  the  other  side.  This  mode  of  recurrence  is  slower  than  the 
first.  I  have  seen  from  three  to  four  years  elapse  between  the  removal  of  the 
epithelioma  on  the  left  side  of  the  lower  lip  and  its  recuiTcnce  inside  the  right 
cheek. 

It  would  appear  as  if  epithelioma  were  sometimes  capable  of  transplantations 
or  of  inoculation  so  as  thus  to  be  locally  multiplied.  I  have  seen  an  epithe- 
lioma of  one  labium  apparently  inoculate  an  abrasion  on  the  opposite  one 
where  a  fresh  centre  of  disease  developed,  and  an  epithelioma  of  the  tongue 
infect  the  lower  jaw  through  the  contiguous  alveolus  of  a  loose  tooth. 

3.  Columnar  Epithelioma. — This  form  of  tumour  has  frequently  been 
called  "  adenoid  cancer,"  but  the  term  columnar  epithelioma  is  less  likely  to 
lead  to  confusion  and  more  correctly  expresses  the  nature  of  the  growth.  It 
occurs  as  a  rule  at  the  same  age  under  much  the  same  conditions  as  squamous 
epithelioma.  It  is  confined  to  those  regions  which  are  naturally  covered  by 
columnar  epithelium,  and  forms  the  most  common  tumour  of  the  pylorus  and 
intestine,  including  the  rectum.  During  the  ten  years  1871  to  1880  there 
were  admitted  into  the  surgical  wards  of  University  College  Hospital  twenty- 
five  cases  of  cancer  of  the  rectum  described  as  columnar  epithelioma,  and  nine 
in  which  the  form  of  cancer  is  not  clearly  stated,  which  were  probably  of  the 
same  variety.    Four  cases  are  recorded  as  having  been  met  with  in  the 
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sigmoid  flexure  and  one  in  the  antrum.  Of  the  fifty  cases  of  cancer  of  the 
stomach  and  fifteen  of  the  intestine  admitted  into  the  medical  wards,  it  is 
probable  that  many,  if  not  most,  were  columnar  epitheliomata,  but  the  report 
contains  no  information  on  this  point.  It  is  met  with  also  in  the  uterus  and 
gall-bladder. 

Appearance  and  Progress.— A  columnar  epithelioma  bears  the  same 
relation  to  the  papilloma  of  the  intestine  that  the  squamous  epithelioma 
does  to  the  common  wart  on  the  skin.  Just  as  many  squamous  epitheliomata 
commence  as  warty  growths,  so  a  columnar  epithelioma  may  begin  as  a 
papillary  growth  from  the  mucous  membrane.  A  simple  papilloma  as  it  in- 
creases in  size  keeps  its  superficial  character,  and  becomes  in  most  cases 
pedunculated  and  shows  httle  tendency  to  ulcerate.  A  columnar  epithehoma 
spreads  widely  with  a  somewhat  firm  fleshy  base.  Its  surface  remains  papillary 
at  the  circumference,  but  soon  ulcerates  in  the  central  parts,  becoming  rugged 
and  irregular,  and  bleeding  readily  and  abundantly.  The  growth  extends 
through  the  whole  thickness  of  the  gut,  and  may  implicate  neighbouring 
viscera.  Such  growths  come  under  the  observation  of  the  Surgeon  chiefly  in 
the  rectum,  and  occasionally  he  is  called  upon  to  perform  colotomy  for  similar 
tumours  of  the  colon.  All  the  tumours  of  the  pylorus  that  have  been  removed 
have  been  of  this  nature.  Columnar  epithelioma  shows  a  much  lower  degree 
of  malignancy  than  squamous  epithelioma.    It  grows  as  a  rule  slowly,  and 


frequently  does  not  affect  the  lymphatic  glands  till  a  late  period  of  the  case. 
Visceral  recurrences  are  rare,  and  are  met  with  chiefly  in  the  liver. 

Death  commonly  takes  place  from  the  local  disease,  either  from  exhaustion 
from  the  discharge  and  loss  of  blood  or  from  obstruction  of  the  bowel  or  pylorus. 

Structtire. — A  section  of  such  a  growth  (Fig.  40G)  shows  it  to  be  composed 
of  tubes  lined  with  columnar  epithelimn,  bound  together  by  a  delicate  con- 
nective tissue,  more  or  less  infiltrated  with  small  round  cells.  The  tubes 
resemble  gigantic  crypts  of  Liebcrkiihn.  By  the  microscope  alone  it  is  not 
always  easy  to  distinguish  these  tumours  from  simple  papillomata  covered 
with  columnar  epithelium,  in  which  the  bases  of  the  papillae  on  section  give 
the  appearance  of  tubes.  The  in-egularity  of  the  structure  and  the  greater  cell- 
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infiltration  of  the  connective  tissue  would  lead  to  a  suspicion  of  maliguauoy. 
If  the  base  be  examined  and  the  proper  structure  of  the  tumour  be  found  im- 
plicatinpr  the  muscular  coat  or  extending  to  neighbouring  parts,  its  malignant 
nature  is  put  beyond  a  doubt. 

The  secondary  growths  met  with  in  the  glands  and  liver  maintain  the 
characteristic  features  of  the  primary  tumour,  so  that  a  tissue,  looking  like 
crypts  of  Lieberkidm  irregularly  massed  together,  may  be  fomid  in  the 
lymphatic  glands  or  in  the  liver.  In  the  lymphatic  glands  of  the  groin 
these  tumours  may  break  down  and  ulcerate,  as  in  S(juamous  epithelioma. 

Diagnosis. — The  diagnosis  of  the  nature  of  the  growth  can  be  made  only 
whcu  it  is  situated  in  the  rectum.  It  is  then  often  possible  to  remove  a  small 
portion  for  microscopic  examination. 

Prognosis  is  always  very  grave  on  account  of  the  situation  in  which  the 
tumour  forms.  Limited  growths  may  be  safely  removed  from  the  rectum, 
and  lately  such  tumours  have  been  excised  both  from  the  colon  and  pylorus, 
the  parts  being  united  by  suture  of  the  intestine,  but  these  operations  have 
so  far  noc  been  attended  by  any  great  measure  of  success. 

Other  Forms  of  Cancer  were  formerly  described,  the  chief  of  which 
were  Osteoid  Cancer  and  Melanotic  Cancer.  Osteoid  Cancer  was  the  name 
given  to  the  tumour  now  known  as  Osteoid  or  Ossifying  Sarcoma  (see  p.  1002). 
The  growths  formerly  described  as  Melanotic  Cancer  are  also  now  classed 
with  the  sarcomata.  It  is  possible  that  there  may  be  a  pigmented  form  of 
epithelioma,  but  if  such  a  tum(mr  does  exist  it  must  be  of  great  rarity. 

Treatment  of  Cancer. — The  treatment  of  cancer  will  necessarily  be  in  a 
great  measure  dependent  on  the  view  that  is  taken  of  its  origin.  The  constitu- 
tionalists would  natm'ally  endeavour  to  discover  some  method  of  preventing 
the  development  of  or  of  eradicating  that  blood-poison,  or  that  general 
tendency  which  they  suppose  to  underlie  the  local  afl'ectiou.    They  would 
necessarily  discard  operation  as  beiug  not  only  useless,  but  erroneous  in 
principle — as  erroneous  as  it  would  be  to  amputate  the  foot  to  cure  the  gout. 
The  localists,  on  the  other  hand,  necessarily  rely  on  the  removal  of  the 
primary  local  disease  at  as  early  a  period  as  possible,  as  the  only  means  of 
preventing  secondary  deposits,  and  constitutional  infection.    Hence  the  dis- 
cussion as  to  the  origin  of  cancer  has  a  most  important  practical  bearing  on 
the  treatment  of  the  disease.    All  Curative  Constitutional  Treatment  is 
certainly  useless,  no  constitutional  remedies  ajjpeariug  to  exercise  any  material 
influence  on  the  disease.    I  am  not  acquainted  with  any  case  of  cancer,  either 
from  my  own  observations,  from  conversation  Avith  other  Surgeons,  or  from 
published  statements,  that  affords  satisfactory  evidence  of  cure  by  an  internal 
remedy.    It  is  true  that  many  so-called  cases  of  cancer  have,  at  various  times, 
been  stated  to  have  been  cm-ed  by  different  medicines  ;  but  it  must  be  borne 
in  mind  that,  in  a  less  advanced  state  of  patliological  knowledge  than  exists  at 
the  present  day,  almost  all  hard  chronic  tumours  were  called  "  scirrhous," 
and  many  intractable  ulcers  "  cancers  "  ;  mistakes  which  are  not  unfrequently 
committed,  and  sometimes  unavoidably  so,  even  with  the  improved  means  of 
diagnosis  that  we  at  present  possess.    Not  one  of  the  many  remedies  that 
have  been  vaunted  as  being  specific  in  this  disease,  and  by  which  cures  have 
been  stated  to  have  been  effected,  has  obtained  the  confidence  of  the  professiou, 
or  has,  on  further  ti-ial,  corresponded  in  its  effects  to  the  statements  of  those 
who  introduced  it.    I  therefore  tliink  it  but  waste  of  time  to  discuss  the 
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supposed  benefit  to  be  derived  from  hemlock,  sanouinaria,  condiiraiio;o,  Chian 
turpentine,  iron,  arsenic,  iodine,  cod-liver  oil,  or  lemon-juice,  in  the  treatment 
of  cancer.  But  thouo-h  curative  treatment  can  efiect  nothing  in  these  cases, 
much  may  be  done  by  proper  PaUiative  Treaimmt  towards  retarding  the 
progress  of  the  cases  that  do  not  admit  of  operation.  With  this  view,  the  diet 
should  be  mild,  nutritious,  easy  of  digestion,  nnstimulating,  and  sufficient  to 
support  the  strength  under  the  wearing  influence  of  pain  and  discharge  ; 
and  the  preparations  of  opium,  of  conium,  aud  of  hyoscyamus,  must  be 
freely  administered  in  order  to  relieve  the  patient's  sufi'erings,  and  to  procure 
rest. 

The  local  Means  are  those  upon  which  the  Surgeon  justly  places  the 
chief  reliance  in  these  aft'ections.  The  Palliative  Local  Treatment  consists 
in  the  use  of  means  calculated  to  retard  the  growth  of  the  tumour,  to  lessen 
the  pain  attending  it,  and  to  remove  the  foetor  that  arises  if  it  be  ulcerated. 
In  order  to  prevent  the  rapid  extension  of  the  tumour,  it  is  of  great  importance 
to  subdue  all  local  excitement  within  and  around  it ;  the  disease  will  usually 
extend  with  rapidity,  proportioned  to  the  amount  of  action  existing  in  the 
part,  any  inflammatory  condition  of  the  neighbouring  tissues  being  especially 
prejudicial  in  this  respect.  Hence,  in  these  circumstances,  the  occasional 
application  of  a  few  leeches  will  often  be  of  considerable  service.  No  counter- 
irritation,  however,  ought  to  be  employed  in  the  vicinity  of  the  cancerous  part, 
as  it  hastens  the  process  of  ulceration  ;  the  skin  being  apt  to  become  rapidly 
infiltrated  by  the  cancerous  disease  under  it,  if  irritated  by  the  application  of 
iodine  and  other  stimulants.  If  the  tumour  be  painful,  and  the  skin  covering- 
it  still  unbroken,  great  relief  maybe  obtained  by  the  application  of  belladonna- 
plasters.  In  some  cases  I  have  found  powdered  conium,  spread  on  cotton- 
wadding,  useful  in  the  same  way.  As  it  is  of  importance  to  prevent,  as  long 
as  possible,  any  breach  of  surface,  the  application  of  these  sedative  plasters 
;md  powders  should  be  persevered  in  with  the  view  of  supporting  the 
iutegument.  The  local  application  of  ice,  so  as  to  freeze  the  tumour  more  or 
less  completely,  has  been  recommended  by  J.  Arnott ;  it  may,  possibly,  in 
some  cases  retard  the  growth  or  lessen  the  pain,  but  there  is  no  evidence  to 
show  that  it  can  be  considered  as  a  curative  agent.  When  the  tumour  is 
ulcerated,  the  foetor  must  be  diminished  by  the  application  of  weak  solutions 
of  chloride  of  zinc,  of  chloralum,  or  of  permanganate  of  potash,  to  which 
opiates  may  be  advantageously  added  with  a  view  of  lessening  the  pain. 
Iodoform  sprinkled  over  the  ulcerating  surface  will  often  be  found  to  diminish 
both  the  foetor  and  pain.  If  the  smell  of  the  iodoform  is  unpleasant  to  the 
patient,  an  ointment  may  be  used  composed  of  iodoform  5j,  eucalyptus  oil  5j, 
paraffin  and  vaselin  ci.a.  3iiss.  This  may  be  applied  on  a  piece  of  mushn 
and  the  ]iarts  covei'ed  with  a  sheet  of  salicylic  wool. 

The  Curative  Local  Treatment  of  cancer  embraces  three  methods,  viz.: 
destruction  by  caustics  ;  absoiption  by  pressure  ;  and  removal  by  the  knife. 
All  these  local  means  are  employed  on  one  principle,  viz.,  on  the  supposition 
that  the  cancerous  tumour  which  it  is  proposed  to  destroy,  to  absorb,  or  to 
extirpate,  is  primarily  a  local  disease  ;  that,  if  this  local  malady  can  be  removed 
sufficiently  early,  constitutional  infection  may  be  prevented  ;  and  that,  even 
if  this  have  to  some  extent  taken  place,  fatal  contamination  of  the  system 
may  be  retarded  by  the  removal  of  the  local  source  of  that  constitutional 
infection. 
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The  great  objection  that  has  been  urged  against  operating  in  this  disease  is, 
that  cancer  being  assumed  to  be  from  the  first  a  constitutional  affection,  it  is 
useless  to  remove  the  local  tumour,  leaving  the  constitutional  ^  ice  unrelieved. 
If  this  objection  were  tenable,  it  would  apply  to  the  removal  of  cancers  in  any 
way,  and  would  have  as  nuich  force  against  ivmoviug  cancerous  growth  by 
caustic,  by  pressure,  or  by  congelation,  as  against  extirpating  them  by  the 
simpler  and  speedier  means  of  the  knife,  and  in  foct  must  lead  to  the  conclusion 
that  none  but  local  palliatives  are  proper  in  this  disease.  For  such  an  argument 
as  this  to  have  any  value,  it  must  first  be  shown  that  cancer  is  always  ah  originc 
a  disease  depending  on  the  actual  presence  in  the  blood  of  a  certain  morbid 
material,  and  that  it  is  not  in  any  cases  primarily  local,  in  so  lar  that  any 
tendency  to  the  formation  of  cancer  has  strictly  limited  its  action  to  the  part 
where  we  find  the  cancer  developed.  The  arguments  which  have  already  been 
adduced,  however,  and  the  results  of  experience,  appear  to  me  to  be  conclusive 
as  to  cancer  being,  for  all  surgical  purposes,  primarily  a  local  disease,  be- 
coming constitutional  secondarily  by  contamination  of  the  blood  and  absorp- 
tion into  the  system,  and  consequently  to  justify  operation  for  the  remo^"al  of 
cancerous  tumoure  in  suitable  cases. 

Caustics. — The  employment  of  caustics  for  the  destruction  of  cancers  has, 
in  all  ages  and  countries,  been  resorted  to  by  empirics,  who  profess  to  remove 
tumours  of  a  malignant  nature,  by  secret  remedies,  less  painful  and  more  effec- 
tual than  the  knife.  As  their  application,  to  use  Velpeau's  expression,  requires 
neither  acquaintance  with  anatomy  nor  operative  surgery,  these  remedies  have 
always  been  popular  with  many  who  have  neither  the  knowledge  nor  the  skill 
to  use  the  knife.  In  this  country,  however,  they  have  never  enjoyed  any  very 
extended  reputation  ;  and  in  f>ict  they  have,  perhaps,  not  been  legitimately 
employed  to  the  extent  that  they  deserve,  especially  in  ulcerated  and  recurrent 
cancers,  or  in  those  so  situated  on  the  skin  and  muco-cutancous  surfaces  as  not 
to  admit  of  being  veiy  readily  or  safely  extirpated  by  operation. 

The  great  objection  to  the  use  of  caustics  has  been  the  severity  and  the  con- 
tinuance of  the  pain  induced  by  them,  Avhich  lasts  not  only  for  hours,  but  for 
days — more  intense  and  prolonged  than  any  occasioned  by  the  knife  ;  and  as  it 
is  usually  necessary,  in  order  to  destroy  effectually  the  morbid  growth,  to  repeat 
the  application  of  the  caustic  several  times,  the  suffering  is  often  greater  than 
the  most  resolute  patient  can  submit  to. 

The  chief  ai'gument  in  favour  of  the  use  of  caustics  is  the  statement,  that 
cancers  thus  destroyed  are  less  liable  to  recur  than  when  extirpated  by  the 
knife.  There  is,  however,  no  evidence  l)efore  us  in  proof  of  the  truth  of  this 
doctrine.  It  is  impossil)le  to  believe  that  the  mere  method  of  removal  of  the 
local  disease  can  influence  the  progress  of  the  case.  If  secondary  infection 
have  taken  place,  it  can  signify  very  little  whether  the  local  disease  be 
extirpated  by  the  knife  or  by  caustics.  If  no  infection  exists,  it  appears  to 
me  that  the  patient  must  be  equally  safe  in  whatever  way  the  local  disease 
is  removed,  provided  it  be  thoroughly  and  effectually  extirpated.  Another 
advantage  urged  in  favour  of  caustics,  in  the  correctness  of  which  Velpeau 
acquiesces,  is,  that  enlarged  lymphatic  glands  are  more  likely  to  go  down 
under  their  use  than  when  the  primary  cancer  is  extirpated  by  the  knife. 
Subsequent  experience  has  not  however  confirmed  this  statement.  Some  of 
the  advocates  of  the  use  of  caustics  in  the  treatment  of  cancer  pretend  that 
the  particular  agent  employed  exercises  on  the  morbid  structure  a  specific 
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action,  which  is  confined  to  it,  and  does  not  extend  to  tlie  neiglibonring 
healthy  tissues.    But  this  assertion  is  entirely  destitute  of  foundation. 

Caustics  are  more  frequently  applicable  to  epithelioma  than  to  scirrhus  or 
encephaloid.  In  certain  cases  the  disease  is  so  situated,  as  in  some  parts  of 
the  face  or  in  the  deeper  cavities  of  the  body,  that  it  cannot  be  dissected  out, 
and  in  these  its  removal  may  be  effected  by  caustics  ;  but,  if  these  agents  be 
employed,  care  should  be  taken  that  they  be  freely  applied  and  be  sufficiently 
strong,  so  as  thoroughly  to  destroy  the  whole  of  the  morbid  textures.  Ineffi- 
cient caustics,  such  as  nitrate  of  silver,  irritate  and  do  not  destroy  the  tissues 
to  which  they  are  applied,  and  in  this  way  do  much  mischief.  Inflammation 
is  excited  around  the  gi'owth,  and  the  inflamed  tissues  become  rapidly  infiltrated 
by  the  abnormal  structure,  which  thus  extends  with  much  greater  rapidity  than 
would  otherwise  have  been  the  case. 

The  caustics  that  have  been  and  that  are  employed  in  the  treatment  of  cancers 
are  ^-ery  various.  They  cannot  be  used  indiscriminately,  and  consequently  we 
must  briefly  consider  them  separately. 

1.  The  conceniratecl  mineral  acids,  especially  the  fuming  nitric  and  anhydrous 
sulphuric  acids,  are  often  advantageously  employed.  The  concentrated  nitric 
acid  may  be  usefully  applied  to  small  superficial  cancerous  ulcers  ;  it  rapidly 
destroys  the  tissues,  and  does  not  spread  too  widely,  but  it  is  not  potent  enough 
for  the  destruction  of  tumours.  The  glacial  sulphuric  acid,  made  into  a  white 
paste  with  asbestos,  as  used  by  Michel,  or  rubbed  into  a  black  paste  with 
powdered  saffron,  is  the  caustic  which  Velpeau  extols  as  the  most  efficient  in 
cancerous  tumours,  more  particularly  those  of  a  fungating  or  bleeding  kind. 
It  converts  the  part  to  which  it  is  applied  into  a  thick,  hard,  carbonized  eschar, 
with  but  little  surrounding  inflammation  ;  and,  as  its  action  is  rapid,  the  pain 
is  not  prolonged.  On  the  separation  of  the  hard  slough,  a  healthy  granulating 
cavity  will  be  left,  which  cicatrizes  rapidly  with  contraction.  It  acts  also  as  a 
haemostatic,  rapidly  shrivelHng  and  drying  up  large  bleeding  and  discharging 
growths. 

2.  The  caustic  alkalies,  especially  potash  and  lime,  either  alone  or  in  combi- 
nation, in  the  shape  of  the  Vienna  paste,  or  fused  into  sticks,  are  very  energetic 
in  their  action ;  but  they  have  the  disadvantage  of  spreading  widely  if  applied 
to  a  large  surface,  and,  by  softening  or  dissolving  the  parts,  giving  rise  to  a 
tendency  to  hsemorrhage.  They  may,  however,  be  advantageously  applied  to 
small  epithelial  cancers  of  the  face. 

3.  Various  mineral  salts,  more  jiarticularly  the  chlorides  of  antimony  and 
zinc,  the  acid  nitrate  of  mercury,  and  arsenious  acid,  are  often  employed  with 
much  success  in  the  treatment  of  cancerous  ulcers  and  growths. 

Of  the  various  chlorides,  that  of  zinc  is  the  most  useful.  This  is  applied  by 
being  made  into  a  paste  containing  one  part  of  the  chloride  to  four  parts  of 
flour,  moistened  with  a  little  water,  to  which  one-twentieth  part  of  extract  of 
opium  may  be  added  to  diminish  pain.  It  must,  in  order  to  act,  be  applied  to 
a  raw  surface  :  hence  it  is  customary  first  to  destroy  the  skin  with  nitric  acid, 
and  then  to  apply  the  chloride.  Canquoin  states  that  a  paste,  made  of  equai 
parts  of  the  chloride  and  of  flour,  fom-  lines  in  thickness,  and  applied  for  forty- 
eight  hours,  destroys  the  parts  to  the  depth  of  an  inch  and  a  half.  When  of 
less  strength  and  substance,  its  action  is  proportionately  limited.  There  are 
two  methods  by  which  a  tumour  may  be  attacked  and  destroyed  by  caustic 
paste  :  either  from  the  circumference,  or  from  the  centre.    When  the  tumour 
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is  large  and  rapidly  growing,  it  may  be  most  advantageously  destroyed  from  the 
circumference,  at  its  junction  with  the  healthy  tissues.  This  may  be  done  by 
the  plan  adopted  by  Maisonneuve — of  making  the  paste  into  small  sticks,  or 
pencils,  which  are  pushed  deeply  and  at  short  intervals  into  the  substance  of 
the  tumour  around  its  circumference,  so  that  its  tissue  becomes  penetrated  by 
the  action  of  the  caustic  in  all  directions,  and  its  vitality  thus  rapidly  destroyed. 
In  small  tumours,  and  those  that  grow  with  less  rapidity,  in  which  there  is  no 
great  risk  of  the  rapidity  of  their  growth  overtaking  and  passing  beyond  the 
destructive  effects  of  the  caustic,  the  paste  may  be  applied  to  and  around  the 
centre,  and  the  disease  in  this  manner  extirpated.  In  other  cases,  the  tumour 
may  be  deeply  and  rapidly  attacked  by  applying  a  layer  of  the  chloride  of  zinc 
paste  over  the  whole  of  its  surface.  The  slough  produced  by  this  application  is 
then  incised,  or  scored  longitudinally  at  equal  distances  of  about  half  an  inch, 
until  the  parts  beneath,  to  which  the  caustic  has  not  penetrated,  are  reached  by 
the  incisions  so  made  :  pieces  of  lint  covered  with  the  deliquesced  chloride  are 
put  into  them,  and  afterwards  fresh  incisions  are  made  until  the  cauterizing 
influence  has  extended  to  the  bottom  of  the  tumour,  which  Anally  sloughs  out 
in  a  mass.  Of  the  utility  of  the  chloride  of  zinc  as  a  caustic,  there  can  be  no 
doubt ;  but  the  chief  objection  to  its  use  lies  in  the  intensity  and  continuance 
of  the  pain  occasioned  by  it.  This,  however,  may  be  lessened  by  an  admixture 
of  extract  of  opium,  or,  as  L.  Parker  has  suggested,  by  freezing  the  part  befin-e 
the  caustic  is  applied,  and  continuing  the  application  of  the  frigorific  mixture 
during  the  time  of  the  action  of  the  caustic.  Landolfi  has  recommended  the 
use  of  the  chloride  of  bromine  in  combination  Anth  those  of  gold  and  zinc  ; 
l)ut  this  caustic  does  not  appear  to  possess  any  decided  advantage  ovei;  the 
simple  chloride  of  zinc,  and  is  objectionable  on  account  of  the  fumes  evolved 
during  its  use. 

Arsenic  exercises  a  powerful  action  upon  cancerous  growths,  and  is  the  chief 
ingredient  in  many  of  the  secret  preparations  used  by  empirics  ;  it  is,  however, 
a  dangerous  agent,  and  excites  great  inflammation  and  pain.  If  too  freely 
used,  it  may  induce  poisoning,  and  not  a  few  deaths  have  resulted  in  this  way; 
it  should,  accordingly,  not  be  applied  at  any  one  time  to  a  surface  exceeding  a 
fihilling  in  size.  The  most  convenient  mode  of  applying  it  appears  to  be 
Manec's  paste,  composed  of  one  part  of  arsenious  acid  to  eight  of  cinnabar 
and  four  of  burnt  sponge,  rubbed  down  to  a  proper  consistence  with  a  little 
"water. 

SulpJmte  of  zinc,  dried,  finely  levigated,  and  made  into  a  paste  with  glycerine, 
■or  an  ointment  with  lead,  has  l)een  very  strongly  recommended  by  Simpson, 
as  one  of  the  most  efficient  and  convenient  of  all  caustics  in  rodent  and 
cancerous  ulcers.  In  action  it  somewhat  resembles  the  chloride  of  zinc,  but  is 
less  painful. 

Of  all  these  caustics,  I  should  certainly  say  that  the  deliquesced  chloride  of 
zinc  is  the  safest  and  most  efficacious,  more  particularly  when  a  scirrhous 
tumour  has  to  be  destroyed.  When  an  encephaloid  fungus  has  to  be  attacked, 
the  concentrated  sulphuric  acid  is  preferable,  owing  to  its  coagulating  and 
ha3mostatic  properties.  When  small  cancerous  sores  have  to  be  destroyed,  the 
nitric  acid,  the  arsenical  paste,  or  the  chloride  of  zinc,  made  into  a  paste  with 
flour  and  extract  of  opium,  may  very  conveniently  be  used. 

Compression  is  a  plan  that  has  been  alternately  greatly  extolled  and  much 
depreciated.    It  was  fully  tried  at  the  Middlesex  Hospital,  by  Young,  more 
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than  fifty  years  ago,  and  unfavourably  reported  upon  by  Sir  Charles  Bell  at 
that  time  ;  it  consequently  fell  into  disuse  in  this  country,  but  was  revived  by 
Rccamier  in  France,  and  employed  largely  by  him.  Although  he  published  a 
favourable  account  of  this  practice,  it  made  but  little  progress  amongst  French 
surgeons  ;  the  only  one  "who  seems  to  have  used  it  to  any  extent  being 
Tanchou,  who  employed  a  peculiar  topical  medication  conjoined  with  it.  In 
this  country  the  practice  fell  into  complete  oblivion,  until  J.  Arnott  some 
years  ago  invented  a  mode  of  employing  pressure  by  means  of  an  elastic 
air-cushion  ;  since  which  time  it  has  been  often  employed,  but  with  no  real 
success  as  a  nieans  of  cure. 

In  employing  pressure,  Young  had  recourse  principally  to  plasters  and 
bandages.  Recamier  used  amadou  applied  with  an  elastic  roller ;  and  Tanchou 
recommended  spring-pads,  under  which  small  bags  or  pieces  of  cotton- wadding 
impregnated  with  various  medicinal  substances  were  placed,  so  as  to  protect  the 
skin  and  act  upon  the  tumour.  Arnott's  plan  consisted  of  pressui'e  exercised 
hy  a  caoutchouc  air-bag,  held  in  its  place  by  straps,  and  pressed  upon  by  a  truss- 
spring,  the  pressure  exercised  by  which  was  made  to  vary  from  two-and-a-half 
to  twelve  or  even  sixteen  pounds.  I  have  employed  all  these  diiferent  plans, 
but  have  never  found  permanent  advantage  from  any  of  them. 

The  first  question  that  necessarily  arises  in  reference  to  the  employment  of 
pressure  in  these  cases  is,  whether  it  can  elfect  a  cure.  This  it  could  be 
expected  to  do  only  by  producing  atrophy,  and  subsequent  absorption,  in  the 
strictly  local  forms  of  cancer.  The  only  case  on  record,  Avith  any  pretension  to 
a  conclusive  character  in  this  respect,  is  one,  related  by  Walshe  in  his  excellent 
Trcaiise  on  Cancer,  of  a  cure  of  a  tumour  of  the  breast  believed  to  be  cancerous, 
by  compression.  But  even  this  instance  I  cannot  look  upon  as  by  any  means 
conclusive ;  for,  although  no  one  can  entertain  a  higher  opinion  than  I  do  of 
the  very  remarkable  diagnostic  skill  possessed  by  Walshe,  yet  I  think  there 
can  be  no  doubt  in  the  mind  of  any  Surgeon  that  it  is  absolutely  impossible 
to  detei-miue  in  many  cases,  by  any  amount  of  knoMdedge  or  skill,  the  true 
nature  of  a  chronic  tumour  of  the  breast :  and,  in  fact,  the  most  experienced 
practitioners  frequently  find,  after  the  removal  of  the  tumour,  that  it  was  of  a 
different  character  fi-om  what  they  had  previously  anticipated.  This  difficulty 
attaches  to  Walshe's  case ;  and  I  think  that  there  is  no  proof  that  the  tumour 
of  the  breast,  which  underwent  absorption  under  the  pressure  of  Arnott's 
apparatus,  -was  of  a  truly  cancerous  nature,  and  that  it  was  not  a  chronic 
inflammatory  induration,  which,  as  every  one  knows,  will  disappear  under  this 
kind  of  treatment. 

But,  if  compression  cannot  be  shown  ever  to  have  cured  a  cancer,  can  it  not 
retard  the  progress  of  this  disease,  or  relieve  the  sufferings  attendant  upon  it  ? 
I  believe  that  in  some  cases  it  may  certainly  do  both,  though  in  others  it  is  as 
unquestionably  injurious.  It  appears  occasionally  to  retard  the  growth  of  the 
tumour  when  applied  in  the  early  stage,  sim]ily  by  preventing  its  expansion, 
and  perhaps  by  compressing  its  nutrient  vessels,  and  so  diminishing  the  supply 
of  blood  sent  to  it,  and  by  causing  absorption  of  suiTounding  inflammatorj 
infiltration  ;  in  these  cases  likewise  it  relieves  for  a  time  the  pain  bv  lesscnino- 
the  turgescence  of  the  part.  In  other  cases,  however,  I  have  known  it  to  act 
injuriously  by  pressing  out  and  diffusing  the  tumour  more  widely,  appearin(^ 
to  increase  the  tendency  to  implication  of  neighbouring  parts,  and  occasiouin^''- 
great  suffering.    When  the  tumour  is  ulcerated,  or  if  the  skin  coverinn-  it  be 
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iiiflaiucd,  pressure  cannot  be  employed  witli  any  advantage  ;  and,  most  com- 
monly, irritable  sensitive  patients  cannot  support  the  constriction  of  the  chest 
that  it  necessitates. 

Excision. — AVith  reu,-ard  to  the  question  of  removing-  cancers  by  tlie  knife, 
much  diiference  of  opinion  exists  amonj;-  Surgeons  ;  for,  though  all  deprecate 
indiscriminate  recourse  to  this  means,  some  go  so  far  as  to  dispute  the  propriety 
of  ever  operating  for  this  disease,  whilst  others  would  restrict  the  operation  to 
'  certain  cases  of  a  very  favourable  character.  Those  divergences  are  necessarily 
of  considerable  importance,  and  require  attentive  examination. 

The  objections  that  have  been  urged  against  the  general  proi)riety  of 
operating  in  cases  of  cancer,  do  not  apply  so  much  to  the  operation  itself,  the 
risk  attending  which  is  not  greater  than  that  of  other  operations  of  similar 
nuignitude,  but  are  rather  based  on  the  supposition  that  cancer  is  originally 
a  constitutional  affection,  and  that  the  patient  is  conse(|uently  liable  to 
speedily  sutler  from  a  return  of  the  disease,  so  that  an  operation  that  is  at  least 
unnecessary  will  have  been  performed.  This  objection,  however,  as  has  already 
been  remarked,  ecpially  applies  to  all  other  means  of  local  removal,  as  by 
caustics  or  compression,  as  well  as  to  extirpation  by  the  knife  ;  and,  if 
carried  to  its  logical  conclusion,  must  necessarily  preclude  any  attempt  at 
removal,  by  any  means,  of  the  local  disease.  That  this  objection,  so  far 
as  the  h'ability  to  return  of  the  cancerous  disease  after  operation  is  con- 
cerned, is  to  some  degree  a  valid  one  cannot  be  gainsaid  ;  the  experience  of 
all  Surgeons  tending  to  establish  the  fact,  that  the  majority  of  patients 
operated  upon  for  cancer  die  eventually,  and  usually  within  a  hmited  time, 
from  a  recurrence  of  the  disease.  Thus,  A.  Cooper  states,  that  in  only  nine 
or  ten  cases  out  of  a  hundred  did  the  disease  not  return  in  three  years  ; 
and  Brodie  found  that  it  proved  fatal  generally  in  two  or  three  years  after 
the  operation. 

In  cancer  of  the  l)reast,  however,  better  results  have  of  late  been  ol)tained  by 
free  removal  of  the  aifected  gland  with  the  surrounding  skin  and  the  axillary 
glands.  Thus,  out  of  forty-six  cases  operated  on  by  Mitchell  Banks,  ten 
patients  were  alive  and  free  from  recurrence  at  different  periods,  varying  from 
two  to  ten  years,  after  the  operation,  and  in  five  more  no  recurreiice  had  taken 
place  from  one  to  two  years  after  the  operation.  Kiister  states  that  in  2G  per 
Cent,  of  his  cases  no  recurrence  had  taken  })lace  three  years  after  the  reinoval 
of  the  breast. 

In  determining  the  advisability  of  operating  in  cases  of  cancer,  several  ques- 
tions of  great  importance  present  themselves  to  the  consideration  of  the  Surgeon. 
He  has  first  to  consider  Avhether  the  operation  is  likely  to  rid  his  patient  com- 
pletely of  the  disease  ;  or,  in  the  event  of  its  not  doing  so,  whether  life  may 
not  be  prolonged  by  the  removal  of  the  cancerous  tumour  ;  or,  lastly,  whether 
his  sufferings  may  not  be  much  lessened  by  the  removal  of  the  local  affection, 
although  there  be  no  prospect  of  reaUy  prolonging  hfe. 

The  principle  on  which  all  operations  for  the  removal  of  cancer  are  under- 
taken is  this  :  either  that,  the  disease  being  local  ab  orifjine,  the  secondary 
manifestations  can  be  pre^■entcd  by  a  timely  removal  of"  the  i)rimary  growtli ; 
or  that,  even  if  the  tumour  be  the  result  of  a  constitutional  predisposition  or 
vice  roused  into  activity  by  local  causes,  the  excision  of  this  morbid  growth 
removes  from  the  system  a  new  centre  and  source  of  constitutional  infection  ; 
so  that,  if  the  operation  be  unsuccessful  in  completely  eradicating  the  disease, 
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it  may  3'ct  be  productive  of  much  good  in  preventing  the  contamination  of 
the  system.  The  two  following  questions  will  therefore  present  themselves  to 
the  Surgeon  in  considering  this  subject. 

1.  Can  cancer  be  cured,  or,  rather,  completely  extirpated  from  the  system  by 
excision  ? 

That  in  some  cases  a  cancerous  tumour  may  be  removed  -with  every  expec- 
tation of  the  patient  being  completely  fi-eed  from  the  disease,  cannot,  I  think, 
be  doubted  ;  although  it  may  be  true  that  such  instances  are  rare.  Yet  they 
do  occasionally  fall  under  the  observation  of  Surgeons,  and  certainly  seem  to 
prove  that  the  affection  is  not  primarily  constitutional,  and  that,  if  happily 
we  can  succeed  in  removing  it  during  its  local  condition,  the  patient  will  be 
rescued  from  a  return  of  the  affection.  Velpcau  states  that  he  has  perfectly 
cured  patients  by  the  removal  of  cancerous  tumours — at  least,  that  no  return 
has  taken  place  for  12,  15,  or  20  years  after  extirpation.  The  evidence  of 
Brodie  on  this  point  is  extremely  valuable  ;  writing  in  184(1,  that  eminent 
Surgeon  states,  that  "So  long  ago  as  1832,  I  removed  a  breast  affected 
with  a  scirrhous  tumour,  and  the  lady  is  still  in  good  health — at  least,  she 
was  BO  last  year.  Since  the  operation  she  has  married,  and  had  children. 
Last  year  I  was  called  to  see  a  lady  on  account  of  another  complaint,  on 
whom  I  performed  the  operation  thirteen  years  ago,  and  found  that  she 
continued  free  from  the  old  disease  ;  and,  very  lately,  I  have  heard  of 
another  lady  whose  scirrhous  breast  I  removed  six  years  ago,  and  who  con- 
tinues well."  The  opinion  of  Fergusson  is  also  very  positive  on  this  point, 
and  he  speaks  in  a  tone  with  which  I  perfectly  agree.  He  says  :  "  Neverthe- 
less, as  excision  gives  the  only  chance  of  security — a  point  on  which  most 
parties  seem  to  agree — an  operation  should  always  be  resorted  to,  provided 
the  knife  can  be  carried  beyond  the  supposed  limits  of  the  disease  ;  and,  more- 
over, I  deem  it  one  of  the  duties  of  the  practitioner  to  urge  the  patient  to  sub- 
mit to  such  a  proceeding."  The  results  obtained  by  Banks  and  Kiister  still 
further  illustrate  the  possibility  of  occasionally  eradicating  the  disease  by 
operation.  The  opinion  of  these  eminent  Surgeons,  sui3ported  as  it  is  by  the 
general  practice  of  the  profession,  tends  to  show  that  in  some  cases,  at  least, 
the  disease  may  be  extirpated  from  the  system  by  excising  the  tumour  before 
the  constitution  has  become  implicated. 

2.  If  cancer  cannot  be  actually  cured  by  excision,  may  not  life  be  prolonged 
and  health  improved  by  an  operation  ? 

I  am  decidedly  of  opinion  that  this  is  possible  ;  and  that,  though  a  patient 
may  at  last  be  carried  off  by  some  of  the  recurrent  forms  of  cancerous  disease, 
health  may  be  improved,  life  may  be  prolonged,  and  much  suifering  may 
1)0  spared,  by  a  timely  operation.  It  may  often  be  observed  that,  after 
the  cancer  has  been  removed,  the  digestion  becomes  stronger  and  the  patient 
gains  flesh  ;  the  colour  of  the  complexion  returns,  and  the  spirits  gTeatlv 
improve  ;  the  system  being  relieved  from  a  source  of  local  irritation,  and 
the  mind  from  a  cause  of  disquietude  that  has  undermined  the  general 
health  of  the  patient.  This  is  more  particularly  the  case  in  encephaloid 
cancer,  in  which  early  removal  of  the  disease  is  unquestionably  successful, 
in  many  cases,  in  prolonging  life.  The  observations  of  Paget  on  this  point 
are  peculiarly  valuable.  He  states  the  average  duration  of  life  of  those  patients 
labouring  under  this  form  of  disease,  in  whom  the  primary  affection  is 
removed,  to  be  about  twenty-eight  months  ;  whilst  the  averaf^e  life  of 
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those  in  whom  the  disease  is  allowed  to  run  its  course,  is  not  more  than  two 
jears. 

I  think  that  the  introduction  of  anajsthctic  agents  into  operative  surgery- 
has  very  materially  atfected  the  hearings  of  this  important  question.  So  long- 
as  an  operation  was  a  source  of  great  pain,  and  of  much  consecpient  anxiety 
and  dread,  a  Surgeon  might  very  properly  hesitate  to  subject  his  patient  to 
severe  suffering  with  so  doubtful  a  result  ;  but  now  that  a  patient  can  be 
freed  by  a  painless  procedure  from  a  source  of  great  and  constant  annoyance, 
discomfort,  and  suffering,  the  Surgeon  may  feel  himself  justified  in  thus 
affording  him  a  few  months  or  years  of  comparative  ease,  though  he  may  be 
fully  aware  that,  at  the  expiration  of  that  time,  the  affection  may  return,  and 
will  then  certainly  prove  fatal.  Even  under  these  circumstances,  the  patient's 
condition  may  be  much  improved  ;  for  the  recurrent  is  frequently  less  distress- 
ing than  the  primary  disease  ;  since,  as  it  often  takes  place  in  internal  organs, 
it  is  not  attended  with  the  same  amount  of  local  pain  and  distress. 

The  introduction  of  anaosthetics  and  the  improved  methods  of  treating 
wounds  have  moreover  enabled  the  Surgeon  not  only  to  remove  the  j^rimary 
growth  more  ft-eely  and  thoroughly,  but  to  follow  it  up  to  the  nearest 
lymphatic  glands,  without  fear  of  the  consequences  of  so  extensive  an 
operation.  So  much  is  this  the  case  that  many  Surgeons  make  it  a  rule, 
especially  in  cancer  of  the  breast,  not  to  wait  for  evident  infection  of  the 
glands,  but  always  to  remove  them  at  the  same  time  as  the  primary  tumour, 
and  this  mode  of  operating  has  so  far  been  attended  with  the  most  satisfactory 
results. 

In  discussing  the  propriety  of  operating  in  a  case  of  cancer  the  Surgeon  can, 
however,  have  little  to  do  with  general  or  abstract  considerations.  He  has  to 
determine  Avhat  had  best  be  done  in  the  particular  case  ;  and  it  will  serve  him 
little,  in  coming  to  a  conchision  as  to  the  line  of  practice  that  he  should  adopt, 
to  refer  to  the  statistics  of  the  gross  results  of  operations,  or  to  general  com- 
parisons l)etween  the  resuks  of  cases  that  are  not  operated  upon  and  those  that 
tire.  The  wliole  question  narrows  itself  to  the  point,  as  to  what  should  best  be 
done  in  order  to  prolong  the  life  or  relieve  the  suffering  of  the  particular 
individual  whose  case  is  being  considered.  In  order  to  come  to  some  definite 
conclusion  on  this,  it  is  necessary  to  classify  the  different  cases  of  cancer,  and 
to  arrange  them  under  the  heads  of  those  in  which  no  operation  is  justifiable  : 
those  in  which  the  result  of  any  such  procedure  would  be  very  doubtful  ;  and 
those  in  which  an  operation  is  attended  with  a  fair  prospect  of  success. 

Most  of  the  following  rules  apply  equally  to  true  cancers  and  the  malignant 
sarcomata  formerly  classed  as  sucli. 

In  no  case  should  any  operation  be  undertaken  till  the  liver  has  been  examined 
by  percussion  and  palpation  and  found  free  from  disease.  If  there  are  no 
symptoms  such  as  cough,  pleuritic  pain,  or  hajmoptysis,  it  is  probable  that  a 
secondary  tumour  in  the  lungs,  even  if  present,  would  be  too  small  to  be  recognized 
by  any  method  of  physical  examination.  Still  it  is  always  safer  to  examine  the 
i  chest *also.  I  have  seen  a  case  in  which  a  Surgeon  removed  the  upper  jaw  for 
a  tumour  which  turned  out  to  be  a  secondary  scirrhus,  when  by  palpation  of 
the  abdomen  the  primary  tumour  of  the  pancreas  and  secondary  nodules  in 
the  liver  could  easily  have  been  felt.  I  know  also  of  another  case  in  which 
the  eyeball  was  removed  for  a  melanotic  sarcoma,  when  the  liver  was  studded 
with  secondary  growths  which  could  readily  have  been  felt  through  the 
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!vl)dominal  walls.  In  such  cases  o]icration  is  clearly  impmi^er.  The  uruie 
should  also  in  every  case  l)e  examined  for  albumen  and  sugar. 

1.  Cases  not  proper  for  Operation.— («)  It  is  a  rule  in  surgery  which 
should  never  be  deviated  from,  that  no  operation  should  ever  be  undertaken  for 
the  remoA-al  of  a  malignant  growth,  unless  the  whole  of  the  tumour  and  the 
tissues  infiltrated  by  it  can  be  com})letely  removed.  It  is  necessary  to  remove 
not  only  the  tumour  but  the  surrounding  tissues  to  some  extent,  even  though 
apparently  healthy.  {!))  The  operation  ought  ne\-er  to  be  performed  in  cases 
in  which  several  mahgnant  tumours  exist  in  differeiit  ]iart8  of  the  body  at  the 
same  time.  Here  the  disease  has  evidently  affected  the  constitution,  and 
cannot  be  removed  by  any  series  of  operations.  {<:)  If  the  cachexia  be 
strongly  marked,  it  is  useless  to  remove  the  local  affection,  as  probably  some 
secondary  v  isceral  tumour  is  already  forming,  {cl)  If  the  tumour  be  of  very 
rapid  growth  and  soft,  and  its  margin  veiy  ill-defined,  it  has  probably  infected 
the  surrounding  tissues  so  widely  that  it  will  speedily  reappear  in  the  cicatrix 
if  removed.  {(^  If  the  whole  of  the  affected  organ  cannot  be  removed,  as  a 
bone,  or  if  the  skin  or  mucous  membrane  be  so  widely  affected  that  it  cannot 
be  removed,  or  if  lymphatic  glands  are  enlarged  which  cannot  be  dissected 
out,  it  is  useless  to  attempt  the  excision  of  the  primary  gTOwth,  as  a  speedy 
relapse  will  certainly  ensue.  (/)  In  the  very  chronic  and  indurated 
cancers  of  old  people,  it  is  often  well  not  to  interfere,  as  in  these  eases  the 
affection  makes  such  slow  progress,  that  it  does  not  in  any  way  shorten  life, 
whilst  the  operation  might  be  attended  with  serious  risk  at  an  advanced 


age. 


2.  BovMful  6fe.sc-?.— Those  cases  in  which  the  result  of  an  operation  is 
extremely  doubtful,  but  in  which  no  other  means  offer  the  slightest  prospect 
of  relief,  have  next  to  be  considered.  («)  ]\[aliguant  sarcomata  of  the  eye, 
and  cancers  of  the  tongue  and  testes,  belong  to  this  category  ;  for,  though 
more  liable  to  return  than  similar  affections  of  any  other  part  of  the  body, 
yet  they  may  be  considered  fit  cases  for  operation,  inasmuch  as  in  no  other 
way  has  the  patient  the  slightest  chance  of  being  relieved  from  his  disease 

(  />)  In  cancers  that  are  already  ulcerated,  the  Surgeon  may  sometimes  operate 
in  order  to  give  the  patient  ease  from  present  suffering,  or,  perhaps,  as  in 
some  cases  recorded  by  Brodie,  with  a  view  of  prolonging  life  ;  but  he  can 
have  little  expectation  of  effecting  a  ])ermanent  cure,  (f)  If  the  tumour  be 
so  large,  or  be  so  situated,  that  its  removal  cannot  be  undertaken  without  so 
serious  an  operation  as  to  occasion  in  itself  considerable  risk  to  life,  the 
propriety  of  operating  is  always  very  doubtful. 

3.  Cases  proper  for  Operafim.— Those  cases  in  which  an  operation  is,  in  mv 
opinion,  not  only  perfectly  justifiable,  but  should  be  urged  upon  the  patient  as 
affording  the  best  prospect  of  preserving  or  prolonging'life,  are  those  in  which 
the  disease  has  originated  in  a  person  otherwise  in  good  health,  and  in  whom 
there  is  so  far  no  cachexy.  In  scirrhous  cancer,  if  the  disease  be  slow  in  its 
])rogress,  single,  distinctly  circumscribed,  without  adhesions  to  or  implication 
of  the  skin  or  glands,  and  more  especially  if  it  be  attended  with  much  pain 
or  with  immediate  risk  to  life  from  any  cause,  and  if  the  whole  of  the  o-rowth' 
together  with  a  sufficient  quantity  of  the  neighbouring  healthy  tissues  in 
which  It  IS  imbedded,  can  be  removed  with  ense,  the  case  may  be  looked  u^^on 
as  a  fit  one  for  operation.  If  the  glands  are  affected  to  a  liuiited  de<vree  and 
only  to  such  an  extent  that  they  can  be  remove.l  without  dano-cr  the  operation 
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should  still  be  urged  on  the  putient,  provided  the  general  health  is  unimpaired. 
Li  encephaloid  cancer,  or  soft  malignant  sarcomata,  the  rajiidity  of  the 
growth  need  not  deter  the  Surgeon  from  operating  provided  the  whole  primary 
tuuiour  and  the  large  Ijuiphatic  glands,  if  present,  can  be  removed ;  early 
operation  should  be  practised,  with  the  view  of  prolonging  life,  if  nothing  more. 
In  epithelioma  the  removal  of  the  primary  tumour  with  the  glands  in  an  early 
stage  of  infection  is  a  more  hopeful  ijroceediiig  than  in  either  of  the  forms  of 
glandular  cancer. 

An  important  (piestion  in  connection  with  operations  for  cancer  is,  at  what 
period  of  the  growth  they  may  be  done  with  the  best  prospect  of  success.  In 
fin-mcr  times  Hervez  de  C'hegoin  and  Leroy  d'Etoilles  and  others  have 
advocated  delay,  asserting  that  the  results  obtained  were  better  when  the 
operation  was  performed  after  the  tumour  had  lasted.  Such  a  statement  as 
this  can  have  been  the  result  only  of  imperfect  observation.  Other  things 
being  equal,  the  earlier  the  tumour  is  removed  the  better  the  chance  of  pro- 
longed or  permanent  relief.  There  is  no  fact  in  Surgery  more  certain  than 
this.  In  the  preceding  pages  it  has  been  pointed  out  how  strong  is  the 
evidence  that  all  cancers  are  ]irimarih^  local,  and  that  the  glands  and  after- 
>vards  the  viscera  become  infected  by  actual  particles  of  the  tumour  trans- 
planted to  them  from  the  original  growth.  Accepting  this  as  true,  it 
necessarily  follows,  as  was  pointed  out  by  De  jMorgan,  that  the  disease  may 
be  local  and  capable  of  complete  removal  up  to  a  certain  minute,  and  the 
next  it  may  have  extended  beyond  the  reach  of  operative  interference.  We 
cannot  possibly  tell  when  this  eventful  change  takes  place.  All  we  can  do  is 
to  try  to  anticipate  it  by  operating  at;  the  earliest  possible  time.  Not  a  day 
should  be  lost  after  the  disease  is  recognized.  In  doubtful  cases  it  is  far 
better  not  to  wait  till  unequivocal  signs  of  the  malignant  nature  of  the  growth 
appear,  but  to  cut  into  it,  and  if  necessary  to  remove  a  slice  for  examination 
jit  the  earliest  possible  time,  proceeding  immediately  to  complete  removal  if  it 
be  found  to  be  malignant.  EiTors  will  arise,  do  what  we  will  to  prevent  them, 
and  it  is  far  better  to  err  by  making  an  unnecessary  incision,  or  even  removing 
Si  mass  of  chronically  inflamed  tissue  or  a  syphilitic  gunnna,  than  to  leave  a 
cancerous  growth  till  its  complete  extirpation  becomes  impossible. 

EXCISION  OF  TUMOURS. 

In  describing  the  different  forms  of  encysted  tumour,  the  ojierative  pro- 
cedures necessary  for  their  removal  have  been  adverted  to.  AVe  may  now 
conveniently  consider  the  steps  that  are  generally  necessary  for  the  extirpation 
of  solid  tumours  from  the  soft  j^arts. 

Tumours  may  be  removed  by  the  knife,  by  the  ecraseur,  by  the  cautery,  or 
by  ligature. 

Removal  of  Tumours  by  the  Knife. — In  the  removal  of  tumours,  the  first 
point  to  be  attended  to  is  the  arrangement,  shape,  and  direction  of  the 
necessary  incisions.  These  should  not  only  have  reference  to  the  size  of  the 
growth,  extending  well  beyond  it  at  each  end,  but  must  also  be  planned  with 
due  regard  to  subjacent  parts  of  importance.  As  a  general  rule,  they  should 
be  carried  in  the  direction  of  the  axis  of  the  limb  or  part,  and  parallel  to  the 
course  of  its  principal  vessels  ;  they  must  extend  not  only  over  the  whole 
leng  th  of  the  tumour,  but  also  a  little  beyond  it  at  each  end :  no  cross-cuts 
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should  Le  made,  if  they  Ccinbc  avoided,  and  this  may  iisuallybe  done  by  atten- 
tion to  the  proper  position  and  extension  of  the  hnear  incisions.  In  removing' 
a  simple  tnmonr,  no  skin  should,  as  a  rule,  be  taken  away,  a  simple  cut  being- 
made  ;  but  if  the  intcgumental  tissues  be  either  very  abundant  and  loose,  or 
else  adherent,  an  elliptical  portion  of  them  may  be  excised  together  with  the 
tumour.  In  other  instances,  again,  a  semilunar  flap  of  integument  may  Avith 
advantage  be  turned  up  from  the  tumour,  the  surfece  of  which  is  then  fairly 
exposed  ;  this,  however,  can  be  done  only  in  some  simple  tumours,  such  as 
fatty  growths.  In  excising  mahgnant  tumours  the  skin  must  in  most  cases- 
be  freely  cut  away.  It  is  better  to  leave  a  healthy  surface  to  heal  by  granu- 
lation, than  leave  any  part  of  the  skin  behind  which  may  be  infected  by  the 
growth.  The  flaps  covering  the  growth  should  be  freely  but  cautiously 
dissected  back,  so  as  to  expose  its  sides  and  base  ;  as  these  are  approached, 
and  the  Surgeon  reaches  the  neighbourhood  of  its  more  important  and  deeper 
conncctious,  increased  care  will  be  necessary,  as  it  not  unfrequently  happens 
that  the  tumour  is  in  closer  relations  with  deep-seated  blood-vessels  and  nerves- 
of  a  large  size  than  would  at  flrst  appear. 

When  practicable,  the  deep  dissection  will  best  be  commenced  and  can-ied 
out  from  that  part  of  the  base  of  the  tumour  into  which  the  principal  blood- 
vessels appear  to  enter  ;  they  are  thus  early  cut,  and  being  once  ligatured,  or 
seized  in  catch  forceps,  give  no  further  trouble,  which  they  would  do  were 
they  divided  from  the  direction  of  their  branches  towards  the  trunk,  when  at 
each  successive  stroke  of  the  knife  a  fresh  portion  of  the  vessel  would  be 
touched.    In  carrying  on  this  deep  dissection,  the  operator  should  proceed 
methodically  from  one  side  of  the  tumour  to  the  other,  the  assistants  holding- 
aside  the  skin  so  as  to  give  as  much  room  as  possible,  whilst  the  Surgeon  himself, 
seizing  the  mass  with  his  left  hand,  or  with  a  large  double  hook  or  vulscllum, 
and  dragging  it  well  forwards,  uses  the  knife  by  successive  strokes,  but  in  a 
leisurely  and  careful  manner,  avoiding  all  undue  haste,  until  he  completely 
detaches  it  from  its  connections.    The  safety  of  contiguous  important  structures- 
Avill  l)e  Ijcst  secured  by  keeping  the  edge  of  the  knife  constantly  directed  towards 
the  tumour,  if  this  be  non-malignant ;  by  attention  to  this  rule,  tumours- 
may  be  removed  with  remarkable  safety  and  ease  fi'om  the  neighbour- 
hood of  most  important  parts.    If,  however,  the  growth  be  malignant,  the 
incisions  must  be  made  wide  of  the  disease  into  the  healthy  structures  around  ; 
unless  this  be  done,  portions  of  the  tumour  may  be  left  from  which  fresh, 
growths  wall  rapidly  sprout,  or  tissues  apparently  healthy  may  be  left  which 
are  in  reality  impregnated  with  cancer-cells. 

After  the  tumour  has  been  removed,  it  must  be  carefulhj  examined,  with 
the  view  of  ascertaining  wdiether  it  be  entire  ;  and,  if  any  portions  have  been 
left,  these  must  be  properly  dissected  out.  In  some  situations,  as  the  axilla,, 
the  side  of  the  neck,  or  the  groin,  where  the  relations  are  of  great  importance, 
the  less  the  edge  of  the  knife  is  used  the  better,  and  the  growth  should  be 
enucleated  by  the  Surgeon's  fingers  or  by  the  handle  of  the  scalpel. 

In  removing  tumours  from  the  neck  or  axilla  the  danger  of  the  entrance  of 
air  into  a  half-divided  vein,  held  open  by  the  traction  on  the  tumour,  must 
never  be  forgotten.    {See  p.  4G7.) 

The  Sur  geon  should  rarely  undertake  the  removal  of  tumours  that  cannot  be 
wholly  and  entirely  extirpated,  as  the  part  left  will  always  grow  with  greatly 
increased  rapidity,  often  assuming  a  fungus  character  ;  this  is  especially  the 
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case  with  maliguant  tumours,  the  rapidity  of  increase  of  which  is  greatly  aug- 
mented by  partial  operations.  The  exception  to  this  rule  consists  in  the  case 
in  Avhich  a  large  ulcerating  and  necrosing  mass  may  be  removed  with  the 
view  of  giving  the  patient  temporary  ease,  and  save  him  from  the  annoyance 
of  the  putrescence  of  a  disintegrating  tumour. 

^  Should,  however,  the  Surgeon  have  begun  the  operation  with  the  inten- 
tion of  removing  the  whole,  and  have  been  deceived  as  to  the  depth  and 
connections  of  the  mass ;  if,  for  instance,  he  find,  after  commencing  his 
operation,  that  the  tumour  extends  more  deeply  than  had  been  anticipated, 
and  comes  into  close  relation  with  important  vessels,  as  at  the  summit  of 
the  axilla  or  in  the  periujeum,  thus  preventing  him  fvom  dissecting  it 
out  without  imminent  risk  of  destroying  the  patient,  the  only  alternative 
left  is  one  that  I  have  seen  Liston  adopt,  and  have  had  occasion  myself  to 
practise  ;  viz.,  to  throw  a  strong  ligature,  above  the  apex  of  the  growth  as  high 
up  as  practicable,  and  then  to  cut  ofl'  everything  below  this.  On  the  separation 
of  the  ligature,  any  portion  of  the  tumour  that  has  been  included  will  be 
brought  away  as  if  it  had  been  removed  by  the  knife. 

In  some  cases  it  will  be  found,  after  dividing  the  fascia  covering  the  tumour, 
that  the  attachments  of  the  growth  are  not  so  firm  or  deep  as  had  been  pre- 
viously expected  ;  this  is  especially  the  case  in  some  large  tumours  springing 
fi'om  the  side  of  the  neck  and  the  parotid  region,  or  in  the  groin.  The  growth 
may  then  often  be  remo^■ed  in  a  great  measure  by  separating  the  areolar  tissue 
with  the  handle  of  the  knife,  merely  dividing  those  portions  of  the  deeper 
attachments  that  are  peculiarly  dense. 

If  very  free  bleeding  takes  place  dui-ing  the  operation  two  courses  are  open 
to  the  Surgeon,  he  may  either  finish  the  operation  with  the  greatest  possible 
rapidity,  even  perhaps  cutting  tlii'ough  outlying  lobules  of  the  growth  and 
leaving  them  to  be  taken  out  afterwards,  or  he  may  arrest  the  bleeding  as  he 
goes  on  by  Spencer  Wells'  forceps  (p.  408)  or  ligature.  The  former  plan 
is  best  if  the  bleeding  is  fi'om  multitudes  of  small  vessels,  the  latter,  if  it 
l)roceeds  from  a  few  large  trunks.  In  difficult  dissections  the  parts  should, 
when  possible,  be  rendered  bloodless.  AVhere  this  is  impossible  the  oozing 
may  be  best  arrested  by  the  application  of  hot  water  (p.  401). 

The  wound  that  is  left  after  the  removal  of  a  tumour  usually  unites  readily 
by  first  intention  if  properly  drained  and  dressed  by  one  of  the  antiseptic 
methods  described  in  the  chapter  on  the  treatment  of  wounds.  If  imperfectly 
drained,  and  if  the  cavity  be  allowed  to  become  filled  with  decomposing  dis- 
charges, severe  fever  and  prolonged  suppuration  will  almost  certainly  result. 

Removal  of  Tumours  by  the  Ecraseur.  The  ecrascur  was  invented 
by  Chassaignac.  It  consists  of  a  loop  of  fine  steel  chain  or  twisted  wire 
(thick  piano  wire  is  the  best),  which,  having  been  passed  over  the  tumour  or 
through  the  tissues  to  be  removed,  is  gradually  tightened  by  a  mechanism  in 
the  stem  to  which  it  is  attached.  In  applying  this  instrument  it  is  often 
necessary,  first  of  all,  to  insulate  and  raise  the  tumour  to  be  removed  by  passing 
a  thread  through  or  under  it  (Fig.  408) ;  and  then,  having  applied  the  loop  of 
the  chain  round  its  base,  to  tighten  this  and  effect  the  strangulation  by  working 
the  handle  every  ten  or  fifteen  seconds,  until  the  mass  is  detached. 

By  means  of  the  Ecraseur  (Fig.  407),  cancerous  and  other  growths  of  con- 
siderable size  are  removed  with  little  or  no  haemorrhage,  in  the  course 
of  a  few  minutes,  by  a  process  of  rapid  strangulation  and  crushing.  The 
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resulting?  wound  is  small  and  puckered  in,  and  often  heals  with  l)ut  little 
trouble.  If  the  mnss  to  be  removed  be  large,  two  or  more  ecraseurs  may  be 
used  at  the  same  time,  the  chains  ha^^ng  been  passed  tlu-ough  the  tissues  by 
means  of  a  needle.  The  action  of  the  fcraseur  differs  according  to  the  kind 
of  instrument  used.  Chassaignac's  original  ecraseur,  armed  with  a  steel  chain, 
and  having  a  to-and-fro  movement,  acts  like  a  saw.  That  which  is  now 
often  employed  {vide  vol.  ii.,  Diseases  of  the  Tongue)  acts  as  a  simple  con- 
strictor ;  and  its  use  is  therefore  less  likely  to  be  followed  by  hasmorrhagc. 


Fik'.  407. — Cliassaiguiic's  (iriginal  Sti'd  Cliaiii  Kcraseur. 


This  instrument  appears  to  be  applicable  chiefly  to  cases  in  which,  as  in 
epithelioma  of  the  tongue,  excision  is  hazardous  on  account  of  the  hjemorrhage 
attending  it,  while  the  ligature  is  objectionable  on  account  of  the  foetor  and 
discharge  resulting  from  the  slow  separation  of  the  constricted  mass,  which 
sloughs  and  becomes  putrescent.  The  French  Surgeons,  however,  extend  the 
use  of  the  ecraseur  to  many  cases  in  which  in  this  country  the  knife  is  pre- 
ferred. They  suppose  that  pycemia  is  less  likely  to  folloAv  removal  by  this 
instrument  than  by  the  more  ordinary  means,  purulent  absorption  less  readily 
occurring  while  the  vessels  on  the  cut  surface  arc  crushed  together.  Expe- 
rience has  not,  however,  shown  this  to  be  the  case. 

A  modification  of  the  ecraseur  in  which  the  wire  was  heated  by  electricity 


Fig.  -lOS. — Kcrascur  aii]ilie(l. 


at  the  same  time  that  the  noose  was  gradually  drawn  in  -w'as  much  in  use  a  few 
years  ago.  The  galvanic  ecraseur  has,  however,  fallen  somewhat  into  dis- 
repute. The  increased  rapidity  with  which  it  cut  the  tissue,  and  the  perfect 
absence  of  hemorrhage  during  the  operation,  seemed  at  first  great  points  in  its 
favour  ;  but  experience  sliowed  that  the  wound  left  was  more  likely  to  slouo-h 
and  secondary  hasmorrhagc  much  more  frequently  occurred  than  after  the  "use 
of  the  simple  ecraseur. 

The  ecraseur  is  undoubtedly  a  useful  and  valuable  instrument,  but  it  should 
never  be  employed  when  the  knife  can  be  safely  used. 
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Paqxielin's  Cautery  has  in  many  cases  superseded  the  ('■craseiu-  in  the 
removal  of  tumours.  Tiie  red-hot  knife  of  this  instrument  divides  tlic  tissues 
cleanly,  and  efficiently  arrests  luBmorrhage.  The  heat  at  which  it  can  be  used 
may  be  easily  regulated,  and  if  not  raised  above  a  dull  red  heat  secondary 
haemorrhage  rarely  follows  its  employment.  Tn  removing  superficial  growths, 
such  as  an  epithelioma  of  the  vulva,  it  can  be  used  at  a  higher  temperature. 
It  then  arrests  the  parenchymatous  oozing,  but  leaves  the  large  A'essels  spout- 
ing, so  that  they  can  easily  be  secured  by  ligature.  When  used  at  this  tempe- 
rature it  cuts  more  quickly  and  cleanly,  and  chars  the  tissues  more  sui^erficially, 
;md  leaves  a  surface  on  which  a  scarcely  appreciable  layer  of  slough  is 
formed. 

The  Ligature  is  now  never  used  except  for  pedunculated  growths  or  for 
ncevi.  It  was  formerly  applied  to  small  epitheliomata  of  the  tongue,  but  the 
presence  of  the  foul  sloughing  tumour  in  the  mouth  was  not  only  unpleasant 
but  a  positive  source  of  danger  to  the  patient.  AVhen  the  ligature  is  applied, 
the  part  having  been  well  insulated,  and  effectually  strangled  by  stout  whip- 
cord ligatures,  sloughs  and  separates  in  a  few  days. 

A  modification  known  as  the  elastic  ligature  was  introduced  into  practice  by 
Dittel  some  years  ago.  It  consists  of  a  thin  band  of  indiarubber,  which  is 
tied  round  the  mass  to  be  removed,  and  gradually  tightened  as  it  cuts  its  way 
through.  It  is  possible  that  such  a  means  may  be  useful  in  certain  small 
pedunculated  growths,  which  dry  o\\  being  strangled  ;  but  its  application  to 
large  tumours,  as  of  the  breast,  is  simply  a  revival  of  mediaeval  barbarism  with 
the  aid  of  modern  appliances.  The  slowness  of  its  action,  the  pain  as  it  cuts 
through,  the  large  wound  that  is  left,  the  foetor  from  the  necrosed  tumour,  and 
the  chance  of  septic  infection  irom  this  cause,  all  tend  to  make  it  a  method 
that  should  be  avoided  whenever  the  knife  can  be  employed.  Far  more 
tedious,  and  certainly  not  safer  than  the  knife,  it  is  also  inferior  to  caustics, 
which  at  all  events  aiTcst  putrefaction,  and  many  of  which,  as  chloride  of  zinc, 
have  a  powerful  antiseptic  action. 
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SCROFULA  AND  TUBERCLE. 

Scrofula  is  a  constitutional  condition  predisposing  to  chronic  inflammation 
of  a  peculiar  type,  affecting  various  parts  or  tissues.  Tubercle  is  a  growth  of 
u  new  tissue,  also  presenting  peculiar  anatomical  and  vital  characteristics. 
The  relation  between  the  constitutional  condition  called  scrofula  and  the 
development  of  tubercle  has  formed  an  endless  subject  of  discussion,  and  is  still 
very  far  from  being  determined.  In  discussing  these  affections,  it  will  be  most 
convenient  to  consider  first  the  anatomical  character  of  tubercle,  and  of  some 
of  the  typical  affections  universally  regarded  as  scrofulous. 

TuBEKCLE. — The  anatomical  structure  which  is  generally  recognized  as 
characteristic  of  tubercle  is  the  tubercular  nodule,  or  follicle,  a.s  it  has  been 
called.  This  consists  of  a  rounded  mass  of  cells  in  which  three  zones  can  be- 
usually  recognized  without  difficulty.  In  the  centre  are  one  or  more  large 
many-nucleated  cells,  with  more  or  less  well  marked  branching  processes — the 
so-called  "  giant-cells  "  of  tul)ercle.  The  nuclei  are  most  commonly  arranged 
round  the  outer  border  of  the  cell,  or  may  be  collected  together  at  one  end  ; 
they  are  large  and  clearly  defined,  of  oval  form,  and  contain  one  or  two 
nucleoli.  The  protoplasm  is  coarsely  granular.  The  next  zone  is  composed  of 
large  cells,  Avith  granular  protoplasm  containing  a  single  clearly  defined  oval 
nucleus,  similar  to  those  of  the  giant-cell.  These  cells  are  called  epithelioid, 
from  their  resemblance  to  young  squamous  epithelium.  They  lie  between  the 
processes  of  the  giant-cell.  The  outer  zone  is  composed  of  ordinary  lymphoid 
corpuscles,  differing  in  no  respect  from  the  migrating  leucocytes  observed  in 
inflammation.  Between  the  cells  of  the  outer  zones  is  an  imperfect  reticular 
stroma,  with  which  the  processes  of  the  giant-cell  are  said  to  be  continuous. 

No  vessels  penetrate  amongst  the  cells,  and  this 
want  of  vascularity  forms  one  of  the  most  im- 
portant and  distinctive  features  of  tubercle.  A 
single  nodule,  such  as  has  just  been  described, 
forms  a  small  rounded  body  just  visible  to  the 
naked  eye  ;  it  is  semi-transparent  and  grey  in 
colour,  and  of  cartilaginous  hardness,  and  has 
received  the  name  of  the  semi-transparent  grey- 
granulation.  By  an  increase  in  the  zone  of 
lymphoid  cells,  or  by  the  close  apposition  of  two 
or  more  separate  nodules,  the  grey  gi'anulations 
frequently  reach  the  size  of  a  millet  seed,  and 
have  consequently  received  also  the  name  of 
miliary  tubercles.  This  structure  has  long- 
been  recognized  as  that  most  characteristic  of  tubercle,  but  none  of  its 
individual  elements  are  peculiar  to  it.  The  lymphoid  cells  differ  in  no  respect 
from  those  met  with  in  simple  inflammation,  and  large  cells,  like  the  epitheloid 
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cells  and  giant-cells,  are  met  with  iu  simple  chronic  inflannuut(.)ry  processes. 
Zieg-ler  and  Tillnians  have  shown  that  similar  cells  are  produced  when  granu- 
lation tissue  is  made  to  grow  hetween  the  thin  glass  slides  inserted  into  the 
peritoneal  cavity,  or  heneath  the  skin  of  a  rabbit. 

In  Koch  discovered  the  fact,  that  in  the  tubercular  nodules  a. 

specihc  microscopic  organism,  to  which  he  has  given  the  name  of  bacillus 
tuberculosis,  is  constantly  met  with.  The  bacillus  is  about  equal  in  length 
to  one-third  of  the  diameter  of  a  red  blood  corpuscle,  and  its  breadth  is  about 
one-fifth  of  its  length.  Clear  bright  dots  are  seen  in  it  which  are  believed  tc^ 
be  spores.  The  bacilli  lie  Avithin  and  between  the  cells,  more  especially  in  the 
giant-cells  (Fig.  -iuD).  They  may  be  single  or  grouped  in  masses.  The 
discovery  of  these  organisms  by  Koch  was  owing  to  the  fact  that  they  are 
permanently  stained  by  various  aniline  dyes,  which  fail  to  att'ect  the  surrounding 
tissues,  and  they  are  thus  readily  recognized.  They  are  most  abundant  in 
recent  tubercle,  and  more  scanty  in  the  older  nodules.  The  relation  of  these 
organisms  to  tubercle  will  be  discussed  further  on. 

The  origin  of  the  cells  of  tubercle  is  still  uncertain.  The  lymphoid  cells  arc 
believed  to  be  chiefly  or  entirely  migi-ating  white  corpuscles.  The  epithelioid 
cells  are  variously  attributed  to  a  further  development  of  the  lymphoid  cor- 
puscles, or  to  a  growtli  from  the  lymphatic  endothelium,  or  the  connective 
tissue  corpuscles  of  the  part.  The  origin  and  nature  of  the  giant-cells  is  still 
a  matter  of  dispute  ;  they  have  been  supposed  to  arise  by  the  fusion  of  smaller 
cells  ;  by  the  failure  of  a  growing  mass  of  protoplasm  to  divide,  apparently 
from  want  of  energy,  by  proliferation  of  the  endothelium  of  a  lymphatic 
vessel,  or  of  a  blood-vessel,  and  lately  Treves  has  asserted  that  they  are  merely 
lymph-coagula  enclosing  some  of  the  smaller  cells.  It  is  not  the  place  here  to 
discuss  these  theories,  but  it  may  be  stated  that  it  is  most  probable  that  they 
arise  either  from  fusion  of  smaller  cells  or  from  failure  of  a  growing  mass  of 
protoplasm  to  divide.  They  are  certainly  the  oldest  part  of  a  tubercle  nodule, 
l)eing  situated  in  its  centre,  and  often  showing  degenerative  changes  before  the 
surrounding  cells  ;  yet  it  has  never  been  shown  that  they  appear  independently 
of  the  suri-ounding  lymphoid  corpuscles,  and  cells  of  various  sizes  arc  found 
intermediate  between  them  and  the  lymphoid  corpuscles.  It  is  therefore  most 
probable  that  they  are  derived  from  the  lymi)hoid  or  epithehoid  corpuscles  by 
one  of  the  processes  above  mentioned. 

Anatomical  Seat  of  Tubercle. — Tubercle  has  been  described  as  origi- 
nating always  in  pre-existing  lymj)hoid  tissue,  such  as  exists  abundantly  in 
the  submucous  tissue  of  the  bronchi  and  intestines,  or  in  the  lymphatic  glands. 
It  has  been  described  as  growing  also  in  connection  with  the  walls  of  small 
arteries,  in  lymphatic  vessels,  and  in  peri-vascular  lymph  spaces.  The  exact 
structm-e  in  which  it  develops  is  therefore  uncertain,  and  is  probably  not 
always  the  same.  It  certainly  arises  in  parts  in  which  no  lymphoid  tissue  is 
normally  present. 

Subsequent  Changes  in  the  Tubercle- Nodule. — The  changes  thus 
take  place  in  tlic  tubercle-nodules  after  they  have  reached  a  certain  size  form 
a  characteristic  feature  of  the  growth,  as  important  as  their  histological 
structure.  Tubercle  differs  from  simple  inflammatory  i)roducts  in  being 
incapable  of  higher  development  ;  it  invariably  degenerates.  The  form  of 
degeneration  is  almost  always  caseation  or  fatty  degeneration.  Before  the 
nodule  has  reached  much  beyond  the  size  of  a  millet-seed,  its  central  parts 
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become  yellow.  F;it  gnmulcs  appear  first  in  the  ccIIp,  and  subsetiuently  in 
the  stroma,  till  all  trace  of  the  cellnlar  strnctnre  is  lost,  and  the  whole  mass 
loses  its  grey  semi-transparent  a]ipearance,  becoming  opaqne  and  yellowish- 
white  in  colonr,  and  soft  and  friable  in  texture.  It  is  then  known  as  Yellow 
Tubercle.  The  lymphoid  corpuscles  in  the  early  stages  of  degeneration 
become  shrunken  and  of  irregular  form.  These  withered  cells  were  described 
by  Lebcrt  as  tubercle-corpuscles,  and  were  at  one  time  considered  to  be 
characteristic.  After  caseation  is  complete,  one  of  three  changes  may  take 
l)lace  :  first,  the  nodule  may  soften,  inflammation  and  suppuration  may  take 
place  in  the  tissues  around  it,  and  it  may  be  expelled  as  a  foreign  body  ; 
secondly,  it  may  become  drier,  and  lime-salts  may  be  deposited  in  it,  or 
in  other  words,  it  may  become  calcified  ;  and  thirdly,  it  may  become  sur- 
rounded by  a  dense  capsule  of  fibrous  tissue,  such  as  forms  round  a  shot 
or  bullet  impacted  in  the  soft  parts,  and  in  this  way  may  remain  harmlessly 
imbedded.  Nelaton  describes  a  bony  capsule  surrounding  old  grey  granu- 
lations in  the  cancellous  tissue  of  bone  in  cases  of  recovery  from  tubercular 
disease. 

Caseation  and  the  subsequent  changes  form  infinitely  the  most  common 
form  of  degeneration  in  tubercle,  but  occasionally  it  undergoes  a  fibroid 
change.  The  cells  wither,  while  the  stroma  gradually  thickens,  and  thus  a 
small  dense  fibrous  nodule  may  remain  in  the  site  of  the  grey  granula- 
tion. Whether  tubercle  is  ever  absorbed,  is  a  disputed  point  that  it  is 
needless  to  enter  upon  here  ;  that  it  can  become  harmless  and  inactive  is 
well  known.  This  may  occur  either  from  fibroid  degeneration,  calcification, 
or  encapsulation. 

Extension  and  Growth,  of  Tubercle. — The  extension  of  tubercle  may 
take  place  by  the  development  of  new  nodules  in  contact  with  that  first 
formed,  which  in  their  turn  undergo  fatty  degeneration,  till  caseous  masses 
may  be  formed  of  considerable  size.  The  large  masses  of  yellow  tubercle  thus 
formed  Avcre  at  one  time  regarded  as  the  most  characteristic  form.  The  edge 
of  the  mass  may  be  surrounded  by  a  zone  of  reddish-grey  translucent  tissue. 
This  is  often  very  well  seen  in  tubercular  disease  of  the  testicle.  Here  a 
yellow  caseous  mass  is  sometimes  met  with,  an  inch  or  more  in  diameter, 
involving  the  epididymis,  and  extending  into  the  l)ody.  At  the  advancing 
edge  there  may  be  a  zone  one-sixteenth  of  an  inch  in  width,  semi-transparent, 
reddish-grey  in  colour,  and  firm  in  texture,  ilicroscopic  examination  shows 
this  to  be  composed  of  ordinary  granulation-tissue  with  giant  cells,  and  the 
surrounding  groups  of  epithelioid  cells  scattered  through  it,  the  lymphoid 
corpuscles  being  indistinguishable  from  the  surrounding  inflammatory  new 
growth.  (See  Diseases  of  Testicle,  vol.  ii.,  Figure  illustrating  tubercular 
testis.) 

In  other  cases  fresh  grey  granulations  appear  dotted  around  the  original 
nodule  amongst  tissues  apparently  healthy.  These  two  modes  of  spreading 
might  be  described  as  continuous  and  discontinuous  local  infection. 

The  next  mode  of  extension  is  from  the  original  seat  of  development  to  the 
neighl)ouring  lymphatic  glands.  The  gland  becomes  enlarged,  caseous  patches 
appear  in  it,  and  the  microscope  shows  numerous  tubercle-nodules  scattered 
through  it. 

Lastly,  general  infection  may  take  place,  grey  granulations  appearing 
throughout  the  body,  in  the  viscera,  serous  and  mucous  membranes,  bones,  and 
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occasionally  in  the  synovial  nioinbvancs.  The  skin,  muscles,  and  peripheral 
nerves  are  seldom  if  ever  infected.  The  general  ini'ection  may  be  acute  or 
chronic. 

The  appearance  of  tubercle  is  spokeii  of  as  fubrrculoais ;  thus  we  have  local 
tuberculosis  and  general  tuberculosis,  the  latter  being  either  acute  or  chronic. 
General  infection  not  unfrequeutly  follows  suddenly  after  the  process  has 
remained  local  for  a  considerable  time.  T'hus  tul)ercular  testicle  may  remain 
a  local  {ittection  for  many  months,  and  terminate  suddenly  by  acute  general 
infection. 

The  Nature  of  Tubercle. — The  growth  of  tubercle  is  now  generally 
regarded  as  a  peculiar  modihcation  of  inflammation.  From  what  has  already 
been  said,  it  will  be  at  once  seen  that  it  belongs  to  the  class  of  infective  in- 
flammations. The  nature  of  the  virus  upon  Avhicli  it  depends,  is  still  a  matter 
of  discussion.  Koch  believes  that  he  is  justified  in  assuming  that  the  bacillus 
tuberculosis  is  the  actual  A-irus  of  tubercle,  just  as  the  bacillus  ant^hracis  is  of 
splenic  fever  or  malignant  pustule.  The  bacillus  anthracis  gi\'es  rise,  as  we 
l)ave  already  seen  (p.  oGl),  to  a  specific  inflammation  of  a  peculiar  chnracter, 
which  remains  local  for  a  certain  time,  but  ultimately  infects  the  whole  system. 
80  tubercle  may  commence  as  a  local  affection,  and  finally  infect  the  whole 
system.  Splenic  fever  is,  however,  an  acute  process,  the  jH'ogress  of  which  is 
measured  by  days  :  tuberculosis  is  a  mere  chronic  process  lasting  months  or 
years,  and  sometimes  never  passing  beyond  the  local  stage.  In  support  of  the 
theory  that  the  bacillus  is  the  actual  virus  of  tubercle,  Koch  has  made  numerous 
experimental  investigations  Mdiich  have  been  fully  confirmed  by  sul)sequent 
observers.  It  had  long  been  known  as  the  result  of  the  observations  of 
Villemiu,  AVilson  Fox,  Burdon-Sanderson,  Cohnheim,  and  many  others,  that  the 
inoculation  of  tuberculous  matter  from  the  human  subject  or  other  animals 
into  rabbits  or  guinea-pigs  gives  rise  to  general  tuberculosis  in  the  animal 
experimented  on.  Koch,  in  order  to  show  that  the  bacillus  is  the  actual  virus, 
(cultivated  it  in  blood-serum,  and  found  that  the  true  tuberculosis  could  bo 
induced  by  the  inoculation  of  the  bacillus  many  generations  removed  from 
the  original  stock.  He  therefore  l)elieves  that  the  bacillus  itself,  and  not  any 
product  of  caseating  tubercle,  is  the  true  virus.  He  would  make  the  presence 
of  the  bacillus  the  test  of  the  tubercular  nature  of  any  caseating  mass  of 
inflammatory  products.  His  theory  of  tuberculosis  would,  therefore,  be — that 
the  specific  virus  in  the  form  of  the  bacillus  or  its  spores  enters  the  system  by 
the  lungs  or  alimentary  canal.  If  the  patient  is  predisposed  to  the  recei)ti(m 
of  the  poison,  either  from  hereditary  tendency  or  anac(|uired  condition  result- 
ing from  bad  hygienic  surroundings,  want  of  proper  food,  debilitating  disease, 
S:c.,  it  may  infect  the  part  at  which  it  enters,  the  lungs  or  alimentary  canal, 
or,  these  escaping,  it  may  enter  the  blood,  and  lodge  at  some  part  weakened 
by  injury  or  by  ])revious  disease,  as  in  a  joint  or  ))onc,  or  the  epididymis,  or 
in  a  chronically  inflamed  lymphatic  gland,  and  then  develop,  setting  up  the 
peculiar  form  of  chronic  inflammation  which  results  in  the  caseating  tubercle- 
nodule.  In  a  perfectly  healthy  subject  it  may  1)e  eliminated  or  destroyed 
without  develo])ing.  Thus,  granting  the  theory  of  the  mycotic  origin  of 
tubercle,  it  is  still  necessary  that  the  soil  and  the  conditions  necessary  for  the 
de\-elopment  of  the  fungus  should  be  present.  Much  further  evidence  is  still 
required  before  the  whole  of  these  theories  can  be  accepted,  especially  with 
regard  to  those  diseases  of  bones,  joints,  and  lymi)hatic  glands,  which  come 
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nnder  the  care  of  tlie  SiirgcoTi,  and  wore  formerly  classed  as  simply  scrofulous, 
hut  are  now  re<j:arded  by  many  pathologists  as  tubercular. 

Inflammation  Consequent  upon  the  Development  of  Tubercle. — In 

i^'eneral  tuberculosis  the  deposit  of  tubercle  is  frequently  followed  by  a  diffuse 
inflammation  of  the  surrounding  tissues.  The  best  example  of  this  is  the 
<liffuse  inflammation  of  the  membranes  of  the  brain  which  occurs  in  tubercu- 
lar meningitis.  In  what  way  the  formation  of  the  grey  granulations  excites 
the  acute  inflammatory  process  in  the  surrounding  parts  is  uncertain. 

Wiien  a  tubercular  nodule  or  a  mass  of  yellow  tul)erclc  softens,  it  excites 
inflammation  and  sup]mration  in  the  surrounding  tissues.  The  process  is 
usually  a  chronic  one  ;  a  collection  of  pus  slowly  forms  in  the  att'ected  ]iart, 
and  a  chronic  abscess  results.  AVhen  this  reaches  a  surface  and  is  ojDened  or 
bursts,  pus  containing  curdy  shreds  of  fatty  granular  matter  escapes,  and  the 
walls  of  the  cavity  are  found  to  be  of  a  yellowish  colour,  with  ragged  fiocculi 
•of  softened  caseous  matter  adherent  to  them.  A  section  through  such  a  wall 
may  show  the  surrounding  tissues  studded  with  grey  granulations  in  various 
stages  of  caseation.  Tubercular  abscesses  are  most  commonly  met  with  in 
surgical  practice  in  diseases  of  bones  or  joints,  and  in  lymphatic  glands  and 
the  testicle.  If  the  tubercle  become  formed  in  the  suljmucous  tissue  of  a 
mucous  membrane,  an  ulcer  is  left  after  the  softened  mass  has  been  discharged. 
The  floor  of  the  ulcer  is  yellow  and  granular,  the  base  slightly  indurated,  and 
the  edges  raised  and  sometimes  undermined.  The  tubercular  ulcer  tends 
slowly  to  spread,  the  base  and  edges  becoming  progi-essively  infiltrated  by 
fresh  tubercle,  which  in  its  turn  caseates,  softens,  and  is  discharged.  8uch 
ulcers  are  chiefly  met  with  in  surgical  practice  in  the  l)laddcr,  rectum,  and 
tongue.  They  are  common  also  in  the  larynx.  AVhen  softened  tubercle 
becomes  exposed  to  the  air,  the  inflammation  surrounding  the  diseased  focus 
may  be  aggravated  and  hastened  by  decomposition  of  the  discharges. 

Scrofula  or  STRmtA. — Scrofula  is  a  constitutional  condition  character- 
ized by  a  tendency  to  inflammation  of  a  peculiar  type.  These  inflammations 
arise  from  slight  causes  which  would  be  innocuous  to  healthy  subjects  ;  the 
•course  of  the  process  is  slow  and  feel)le  ;  when  affecting  a  mucous  surface  it 
tends  to  assume  the  form  of  chronic  purulent  catarrh  :  in  deeper  ]):irts  the 
inflammatory  products  are  abundant  in  quantity,  have  little  tendency  to 
develop  into  a  higher  tissue,  but  are  prone  to  early  degeneration  and  casea- 
tion, followed  by  softening,  with  the  formation  of  thin,"unhealthy,  curdy  pus. 
After  suppuration  has  been  reached  the  process  tends  to  persist,  and  graduallv 
to  extend,  giving  rise  to  ulceration  with  progressive  destruction  of  the  affectecl 
tissue.  After  apparent  recovery  relapses  are  common,  the  feeble  cicatricial 
tissue  breaking  down,  and  the  destructive  inflammation  beginning  again. 

The  nature  of  scrofulous  or  strumous  inflammations  will  be  niade  more 
•clear  by  briefly  describing  some  of  the  more  common  forms  as  they  appear  in 
different  structures. 

In  the  SMn  scrofula  declares  itself  by  a  variety  of  cutaneous  eruptions  :  of 
these,  eczema  is  one  of  the  most  common,  and  it  tends  to  be  complicated  bv 
suppuration,  forming  the  eczema  impctiginodes  so  common  on  the  scalps  of 
scrofulous  children. 

Another  common  form  of  skin  affection  is  the  mlndancovs  sirvmom  alscosa. 
This  arises  as  a  small,  flat,  indurated  growth,  commencing  immediately  beneath 
the  cutis  vera.   The  patch  slowly  extends  till  it  reaches^he  size  of  a  sixpence 
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or  shillino-,  or  even  larger.  Tlic  skiu  covering  it  is  of  a  dasky  purple  in 
•colour.  Finally  the  mass  softens,  the  skin  gives  way  at  one  spot,  and  a 
thin  curdy  pus  is  discharged.  The  cavity  left  is  covered  superficially  by  a 
thin  layer  of  undermined  skin,  of  a  dark  bluish  colour,  which  is  too  feeble  to 
undertake  any  process  of  repair,  but  yet  obtains  just  enough  blood-supply  to 
prevent  its  death.  Consequently  no  healing  will  take  place  till  it  is  destroyed. 
After  this  has  been  done  the  floor  of  the  ulcer  Avill  be  seen  to  be  yellow  and 
unhealthy,  and  the  sore  may  slowly  spread  instead  of  healing.  The  original 
auass  is  composed  of  a  mass  of  small  round  cells,  amongst  which  may  be  giant 
5ind  epithelioid  cells.  It  is  imperfectly  vas- 
cularized, and  very  early  undergoes  fiitty 
degeneration,  followed  by  softening. 

The  scrofulous  sores  of  this  kind  are  most 
common  on  the  face,  but  they  may  occur  in 
other  parts  of  the  body  (Fig.  410). 

Some  forms  of  hqnis  are  also  sujiposed  to 
be  due  to  scrofula. 

The  Macoas  Membranes  are  commonly 
extensively  alfected,  and  often  present  the 
■earliest  forms  of  scrofulous  disease  in  child- 
hood ;  this  is  more  especially  the  case  with 
those  of  the  eye,  nose,  and  ears.  The  con- 
jimctiva  becomes  chronically  inflamed,  and 
the  discharge  becomes  muco-purulent.  As  a  p;,,  ,io._seroiuious  uicerof  Leg. 
sequela  of  this  the  condition  known  as 

"  granular  lids  "  not  uncommonly  is  set  up.  The  papillae  become  excessively 
vascular  and  hypertrophied,  till  the  whole  surface  of  the  membrane  appears 
to  be  covered  with  genuine  granulation-tissue.  The  aficction  specially  known 
iis  strumous  or  phlyctenular  ophthalmia,  consists  of  the  formation  of  a  small, 
intractable  ulcer  on  the  cornea,  with  intense  injection  of  the  surrounding 
conjunctiva. 

The  mucous  memhranc  lining  Ihe  nostrils  becomes  chronically  congested,  red 
and  swollen,  giving  rise  to  habitual  sniffing  and  to  a  sensation  as  of  a  constant 
■cold.  The  discharge,  at  first  merely  mucous,  frequently  becomes  purulent, 
and  lodging  in  the  irregularities  of  the  nasal  fossaa,  decomposes,  giving  rise 
to  the  most  offensive  smell.  This  condition,  known  as  strumous  ozoena,  may 
■sooner  or  later  cause  ulceration  of  the  membrane  and  subse(|ueut  necrosis  of 
the  bones.  Occasionally  the  lining  membrane  of  the  antrum  becomes  irritated, 
•and  this  may  be  folloA\  ed  by  enlargement  of  the  cavity  and  discharge  of  un- 
healthy pus  into  the  nostrils. 

Chronic  purulent  discharge  from  the  ear,  scrofulous  otorrhmt,  is  another  very 
common  affection.  The  disease  most  frequently  commences  in  the  middle  ear, 
the  discharge  finding  its  way  out  by  perforating  the  membrana  tympani. 
It  frequently  leads  to  destruction  of  the  ossicles  and  permanent  deafness. 
The  mucous  membrane  of  the  geuito-urinarn  organs  also  is  readily  affected 
with  purulent  catarrh,  often  arising  from  very  slight  causes  and  very  per- 
manent. Such  discharges  are  of  common  occurrence  in  female  children,  and 
have  frequently  given  rise  to  unfouiided  charges  of  criminal  assault. 

Perhaps  the  most  important  local  diseases  arising  under  the  influence  of 
scrofula  are  those  of  the  Bones  and  Joints.  The  bones  arc  liable  to  a  slow  pro- 
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cess  of  ulceration  or  caries,  usually  commencing  in  their  articular  ends  or  can- 
cellons  tissue.  'J'lie  bony  tissue  becomes  invaded  and  destroyed  by  an  advancing 
growth  of  small  round  cells,  amongst  which  will  usually  be  found  giant-cells, 
epithelioid  cells  and  lymphoid  corpuscles,  arranged  as  already  described  in 
tubercle-forming  n(jn-vascular  areas  amongst  a  fungating  mass  of  A'ascular 
granulation  tissue.  Tlie  inflammatory  products  tend  to  early  degeneration 
and  softening,  and  chronic  abscesses  containing  unhealthy  curdy  pus  arc 
formed.  This  condition  is  especially  prone  to  occur  in  the  sj^ongy  tissue  of 
the  articular  ends  of  long  bones  or  in  the  cancellous  tissue  of  short  bones, 
more  ])articularly  the  \  ertebra3  and  the  bones  of  the  foot.  When  the  disease 
extends  from  the  l)ones  into  a  neighbouri]]g  joint,  a  chronic  inflammation  of  a 
similar  character  springs  up  in  the  whole  synovial  cavity,  giving  rise  to  the 
condition  known  as  ivldte  sivellin;/.  The  membrane  l)ecomes  covered  by  a 
mass  of  fungating  gTanulation-tissue,  scattered  through  which  nodules  aro 
usually  met  with  identical  in  structure  with  those  already  described  under 
tubercle.  In  other  cases  the  chronic  inflammatory  process  commences  in  the 
synovial  membrane  and  secondarily  affects  the  bones.  Xecrosis  of  the  compact 
tissue  of  long  bones  is  also  frequently  ascribed  to  the  constitutional  taint  of 
scrofula ;  and  the  process  above  described  is  often  complicated  l)y  death  of 
considerable  portions  of  the  cancellous  tissue. 

Another  common  scrofulous  affection  of  bone  is  that  known  as  sfnnnoifs 

dacti/Iilis  (Fig.  411).  It  is  of  fi'equent  occurrence 
in  children.  One  or  more  phalangeal  or  meta- 
carpal bones  become  gradually  enlarged.  The 
medullary  canal  becomes  distended  with  chronic 
inflammatory  products,  the  compact  tissue  is 
absorbed  and  a  fresh  layer  deposited  fwm  the 
periosteum,  and  thus  the  bone  becomes  "  expanded." 
The  inflammatory  products  caseate,  then  soften, 
and  finally  form  unhealthy  curdy  pus,  which 
slowly  makes  its  way  to  the  surface  and  is  dis- 
charged. 

Secreting  Glands  are  less  frequently  alFected 
by  scrofulous  inflammations.  The  testicle  perhaps 
most  commonly  suffers  ;  a  large  mass  of  caseating 
inflammatory  products  slowly  forming  in  connec- 
tion with  the  epididymis. 

Lastly,  the  lymphatic  glands  are  peculiarly 
]-)rone  to  scrofulous  disease  ;  in  fact,  the  affections 
of  the  glands  are  usually  looked  upon  as  the  most 
constant  and  characteristic  feature  of  scrofula.  It  is  not,  however,  onlv  the 
glands  that  suffer  ;  wherever  lymphoid  tissue  exists,  as  in  the  follicles  of  the 
tonsil  and  pharynx,  or  in  the  submucous  tissue  of  the  bronchi  and  intestines, 
it  tends  to  undergo  hypertrophy  in  strumous  subjects.  The  enlargement  of  the 
glands  in  scrofulous  subjects  can  almost  always  be  traced  to  some  irritation  at 
the  part  from  which  they  receive  their  lymph  supply.  In  the  mildest  form 
the  gland  simply  enlarges,  and  may  after  a  time  sul^side  or  be  left  perma- 
nently larger  and  harder  than  iiatural.  In  most  cases,  however,  there  is 
distinct  (;hrf)nic  inflammation,  and  the  gland  becomes  greatly  increased  in 
This  is  found  to  be  due  to  an  increase  of  lymph-corpuscles  and  to 
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iiitlaininatoiy  exudation.  The  central  parts  caseate  and  aftenvards  soften. 
Hiijipuration  takes  place,  first  within  the  gland  and  suLsequeutlj  external  to  it 
Leyond  its  capsule  ;  and  the  abscess  thus  formed  slowly  reaches  the  surface, 
often  extensively  nndcrniiuing  the  skin  before  discharg-ing,  unless  this  be 
prevented  by  early  openini--.  Microscopic  examination  of  a  gland  when  under- 
going caseation  shows  the  presence  of  numerous  giant-cells,  surrounded  by 
the  zones  of  epithelioid  and  lymphoid  corpuscles  sucii  as  have  already  been 
described  as  forming  the  anatomical  characteristic  of  tubercle. 

Strumous  glands  may  be  met  with  at  any  part  of  the  body,  but  they  are 
by  tar  more  common  in  the  neck  than  elsewhere.  Treves  states  that  in  155 
cases  examined  by  liim  in  the  Margate  Infirmary,  the  neck  alone  was  affected 
in  181,  the  neck  and  axilla  in  twelve,  groin  alone  in  G,  axilla  alone  in  4,  neck 
and  groin  in  1,  and  groin  and  axilla  in  1. 

All  tlie  affections  just  described,  which  are  by  common  consent  termed 
scrofulous  or  strumous,  possess  therefore  in  common  the  characters  already 
pointed  out ;  they  arise  from  causes  which  would  be  harmless  in  a  healthy 
subject ;  they  run  an  extremely  chronic  course  ;  they  tend  to  assume  the  form 
of  purulent  catarrh  of  surfaces,  and  of  chronic  inflammation,  with  caseation  of 
the  inflammatory  products,  in  deeper  structures. 

Relation  of  Scrofula  to  Tubercle. — AVe  are  now  in  a  position  to  consider 
the  relation  of  the  constitutional  condition  known  as  scrofula  to  the  patho- 
logical product  known  as  tubercle.    If  we  are  to  take  the  tubercle-nodule  or 
follicle  as  the  characteristic  of  tubercle,  it  will  be  seen  from  what  has  jusfc 
been  stated  that  many  of  these  so-called  scrofulous  affections  also  must  be 
classed  as  tubercular.    In  the  caseating  mass  which  precedes  the  subcutaneous 
scrofulous  abscess  ;  in  the  fungating  granulation-tissue  of  scrofulous  caries  or 
white  swelling  :  in  the  cheesy  inflammatory  products  in  strumous  dactylitis  ; 
in  the  so-called  strumous  testicle,  and  in  scrofulous  lymphatic  glands,  non- 
vascular nodules  indistinguishable  from  those  met  with  in  a  grey  gTanulation 
are  constantly  or  almost  constantly  present.    Many  of  these  affections  after 
remaining  local  for  a  long  time  are  followed  by  general  tuberculosis.  The 
reports  of  University  College  Hospital  show  that  in  ()7  fatal  cases  of  strumous 
diseases  of  different  kinds  occurring  in  the  surgical  wards,  tubercle  was  found 
in  the  lungs  or  disseminated  throughout  the  body  in  17,  or  almost  exactly  25 
per  cent.    These  (17  cases  include,  1)  of  necrosis  of  various  bones,  21  of  caries 
of  the  spine,  14  of  disease  of  the  hip,  0  of  disease  of  the  knee,  3  of  the  elbow, 
2  of  the  wrist,  2  of  the  sacro-iliac  joint,  1  of  the  shoulder,  1  of  caries  of  the 
temporal  bone,  1  of  caries  of  the  os  calcis,  1  case  of  otitis  media,  1  of  scrofulous 
testicle  and  2  of  scrofulous  kidney.   Of  course  the  fatal  cases  form  but  a  small 
pro])ortion  of  the  whole  number  admitted.    The  results,  however,  form  a 
marked  contrast  to  those  of  the  post-mortem  examinations  of  cases  dying  from 
other  surgical  diseases.    If  we  exclude  four  cases  of  pulmonary  phthisis,  in 
which  tiie  lung  disease  was  primary  and  surgical  affection  merely  an  accidental 
comi)lication  shortly  before  death,  we  find  that  in  5()1  cases  active  tubercular 
disease  was  met  with  only  in  10.    I  f  we  exclude  the  cases  of  injury  and  acute 
disease,  we  find  that  in  J  58  deaths  from  various  chronic  surgical  affections, 
active  tubercular  disease  of  the  lungs  was  met  with  in  7,  or  4-4  per  cent. 

If  we  accept  the  views  of  Koch,  that  the  only  absolute  characteristic  of 
tubercle  is  the  presence  of  l^acillus  tubei'culosis,  we  have  further  evidence  that 
nianv  diseases  classed  as  scrofulous  are  accompanied  by  the  development  of 
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true  tubercle.  The  bacillns  has  been  found  in  the  pulpy  granulation-tissue  of 
white  swelliiig,  in  scrofulous  glands,  and  in  the  scrofulous  testicle  and  kidney. 
Ifc  is  impossible,  therefore,  to  deny  that  true  tubercle  makes  its  ai^pearance  in 
the  inflammatory  products  during  the  course  of  many  scrofulous  inflammations, 
but  it  by  no  means  necessarily  follows  that  all  scrofulous  affections  are  tuber- 
cular, or  that  when  tubercle  is  met  with  it  is  the  primary  cause  of  the  mischief. 
The  pui-ulent  catarrhal  affections  and  the  skin  eruptions  Avhich  are  such 
ft-equeut  manifestations  of  scrofula,  arc  certainly  not  tubercular.  In  a  con- 
sidei-able  number  of  cases  of  caseating  inflammations  of  glands  and  bones  in  which 
a  careful  search  has  been  made  for  the  bacillus  it  has  not  been  found.  There  is 
no  doubt  also  that  only  a  small  minority  of  patients  who  suffer  from  scrofulous 
diseases  of  glands,  bones  or  joints,  die  of  pulmonary  phthisis,  and  the  converse 
is  equally  true,  that  the  vast  majority  of  phthisical  patients  show  no  signs  of 
any  of  the  surgical  affections  ordinarily  classed  as  scrofulous.  It  is  equally 
certain,  however,  that  phthisical  parents  may  have  scrofulous  children,  and 
the  offspring  of  scrofulous  parents  frequently  die  of  consum]ition.  There  can 
be  no  doubt,  therefore,  that  the  relation  betv;een  scrofula  and  tubercle  is  a, 
very  intimate  one. 

The  following  hypothesis  has  therefore  been  suggested  as  capable  of  har- 
monizing the  apparently  conflicting  facts  above  stated :  that  scrofula  is  a  con- 
stitutional vice  characterized  by  a  peculiar  proneness  of  the  tissues  to  be 
affected  by  chronic  inflammation  from  slight  causes,  or  as  Yirchow  expresses 
it,  by  a  vulnerability  of  the  tissues  ;  that  simple  scrofulous  inflammations  are 
not  in  themselves  infective,  but  that  they  tend  to  persist  indefinitely,  being  kept 
up  by  very  slight  sources  of  irritation,  as  tension  from  inflammatory  exudation, 
slight  degrees  of  friction  or  movement  and  the  like  ;  consequently  the  inflam- 
matory products  accumulate,  and  from  the  feebleness  of  the  whole  process  arc- 
imperfectly  vascularized,  and  have  but  little  power  of  higher  development  or 
resorption  ;  lastly,  that  these  inflammatory  products  form  a  suitable  nidus  foi- 
the  development  of  the  specific  virus  of  tubercle,  and  that  by  the  entrance  of 
this  virus  the  process  becomes  infective  ;  it  may  then  remain  a  local  infectiAc 
process,  and  even  cease  without  becoming  general,  or  it  may  infect  the  whole 
system,  giving  rise  to  acute  or  chronic  general  tuberculosis. 

Signs  of  Scrofula,  or  the  Scrofulous  Diathesis. — The  only  certain 
signs  of  scrofula  are  the  various  forms  of  inflammation  already  described,  but 
the  individuals  in  whom  the  affections  arise  usually  present  certain  constitu- 
tional peculiarities  which  are  said  to  be  indications  of  the  scrofulous  dia- 
thesis. The  constitutional  condition  is  often  erroneously  confounded  with 
general  debihty.  It  may,  and  often  docs,  co-exist  with  this,  but  is  by  no  means 
Bynonymous  with  weakness  of  constitution.  Debihty  often  exists  without  anv 
ecrofulous  tendency  or  taint,  more  particularly  in  individuals  of  the  nervous 
temperament  ;  many  delicate  people,  though  weak,  being  perfectly  healthv, 
and  showing  no  disposition  to  strumous  affections  ;  on  the  contrary,  the 
scrofulous  constitution  is  often  conjoined  with  much  muscular  power  ami 
mental  activity. 

The  existence  of  the  scrofulous  diathesis  is  often  marked  by  the  presence  of 
a  peculiar  temperament. 

The  Scrofulous  Temperament  assumes  two  distinct  forms,  the  fair  and 
the  dark,  and  each  of  these  presents  two  varieties,  the  fine  and  the  coarse. 
The  most  common  is  that  which  occurs  in  persons  with  fair,  soft,  and  trans- 
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parent  skin,  having-  clear  blue  eyes  with  lars^e  pupils,  light  hair,  tapering- 
fingers,  and  fine  white  teeth  ;  indeed,  whose  beauty  is  often  great,  especially  in 
early  lite,  being  dependent  rather  on  roundness  of  outline  than  on  grace  of 
form  ;  and  wliose  growth  is  rapid  and  precocious.  In  these  individuals  the 
att'ections  arc  strong,  and  the  procreativc  power  considerable  ;  the  mental 
acti\  ity  is  also  great,  and  is  usually  characterized  by  much  delica(;y  and  soft- 
ness of  feeling,  and  vivacity  of  intellect.  Indeed,  it  would  appear  in  such 
persons  as  these,  that  the  nutritive,  procreative,  and  mental  powers  are  rapidly 
and  energetically  developed  in  early  life,  but  become  proportionately  early 
exiiausted.  In  another  A  ariety  of  the  fiiir  scrofulous  temperament,  we  find  a 
coarse  skin,  short  and  rounded  features,  light  grey  eyes,  crisp  and  curling  sandy 
liair,  a  short  and  somewhat  ungainly  stature,  and  clubbed  fingers  ;  but  not  un- 
commonly, as  in  the  former  variety,  great  and  early  mental  activity,  and 
occasionally  much  muscular  strength. 

In  the  dark  form  of  the  scrofulous  temperament,  we  usually  find  a  somewhat 
heavy,  sullen,  and  forbidding  ajipea ranee  :  a  dark,  coarse,  saUow,  or  greasy- 
looking  skin  ;  short,  thick,  and  harsh  curly  hair  ;  a  small  stature,  but  often  a 
powerful  and  strong-limbed  frame,  with  a  certain  degree  of  torpor  or  languor 
of  the  mental  faculties,  though  the  powers  of  the  intellect  are  sometimes  re- 
markably develoi3ed.  The  other  dark  strumous  temperament  is  characterized 
by  clear  dark  eyes,  fine  hair,  a  sallow  skin,  and  by  mental  and  physical 
organization  that  closely  resembles  the  first  described  variety  of  the  fair 
strumous  diathesis. 

In  all  these  varieties  of  temperament,  the  digestive  organs  will  be  found  to 
be  weak  and  irritable.  This  condition,  which  I  believe  to  be  invariably  asso- 
ciated with  struma,  and  the  importance  of  which  has  been  pointed  out  by  Sir 
James  Clark,  ninst  be  regarded  as  one  of  the  most  essential  conditions  con- 
nected Avith  scrofula,  and  as  tending  greatly  to  that  impairment  of  nuti-itiou 
which  is  so  fi-equent  in  this  state.  This  gastric  irritabihty  is  especially 
characterized  by  the  tongue,  even  in  young  children,  being  habitually  coated 
towards  the  root  with  a  thick  white  fur,  through  which  elongated  papillae  pro- 
ject, constituting  the  "  pipped  "  or  strawberry  "  tongue  ;  the  edges  and  tip, 
as  well  as  the  lips,  being  usually  of  a  bright  red  colour.  This  state  of  the 
tongue  is  aggravated  by  stimulants,  high"  living,  and  the  habitual  use  of  pur- 
<^ati\  es.  In  the  fair  A-arieties  the  bowels  are  usually  somewhat  loose,  but  in 
the  dark  forms  of  struma  there  is  a  torpid  condition  of  the  intestinal  canal. 
In  all  cases  the  action  of  the  heart  is  feeble,  and  there  is  a  tendcTicy  to  coldness, 
and  often  to  clamminess  of  the  extremities. 

Although  these  peculiarities  of  temperament  are  commonly  observed  in 
strumous  subjects,  yet  cases  of  scrofulous  disease  are  very  frequently  met  with 
in  patients  who  present  none  of  them. 

After  the  definite  manifestations  of  scrofula  have  made  their  appearance  the 
general  health  usually  suffers  considerably.  The  individual  usually  emaciates, 
becomes  sallow,  cachectic  and  debilitated.  The  prolonged  suppurations  accom- 
panying many  scrofulous  affections  are  frequently  accompanied  by  hectic  or 
by  amyloid  degeneration  of  the  liver  and  other  viscera. 

In  scrofulous  ])atients  it  is  comparatively  uncommon  to  meet  with  more  than 
one  of  the  graver  manifestations  of  the  diathesis  in  the  same  case.  Treves 
states  that  of  500  cases  of  scrofula  obtained  from  the  records  of  the  Margate 
Infirmary,  in  only      did  the  patient  exhibit  more  than  one  gross  mani- 
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fcstation  of  the  disease  ;  tliosc  cases  being  excluded  in  ^v]licl1  glandular 
atFectiou  Avas  evidently  secondary  to  the  jn-imary  local  disease. 

Signs  of  General  Tuberculosis.— The  consideration  of  this  subject 
belongs  to  Medicine  rather  than  Surgery.  AVhen  general  tuberculosis  occurs 
as  a  secondary  consequence  of  a  local  scrofidous  disease  it  most  commonly 
ai)pears  in  the  form  of  ordinary  pulmonary  phthisis,  and  runs  the  usual  chronic 
course.  Progressive  emaciation,  evening  elevation  of  temperature  and  niglit 
sweats,  which  cannot  be  accounted  for  by  ])rolonged  suppuration  from  the 
local  seat  of  disease,  always  lead  to  a  grave  apprehension  that  general  tubercu- 
losis is  taking  place. 

In  cases  of  acute  general  tuberculosis  following  a  local  scrofulous  disease, 
such  as  arc  occasionally  met  with  in  joint-disease  and  more  often  in  scrofulous 
or  tubercular  testicle,  there  is  marked  febrile  disturbance,  the  thermometer 
reaching  often  103°  F.  or  104°  F.,  without,  at  first,  definite  afiPection  of 
any  organ.  The  symptoms  may  then  closely  resemble  typhoid  fever,  or  if 
there  is  an  open  Avound,  may  be  mistaken  for  scpticasraia.  Before  long, 
usually  not  later  than  the  second  Aveck,  symptoms  either  of  acute  pulmonary 
])hthisis,  tubercular  meningitis,  or  some  other  definite  tubercular  aflFectiou, 
make  their  appearance. 

Causes. — The  causes  of  scrofula  and  tubercle,  uidess  these  be  of  a  hereditary 
character,  though  very  various  in  their  nature,  are  usually  such  conditions  as 
influence  injuriously  the  nutrition  of  the  body. 

The  Hereditary  Nature  of  both  scrofula  and  tubercle  is  well  known  to  the 
pubhc  and  to  the  profession  ;  for,  although  the  disease  is  not  commonly 
connate,  yet  the  tendency  to  it  is,  and  the  characteristic  nature  of  the  affection 
often  manifests  itself  at  an  early  period.  That  a  parent  may  transmit  a  tendency 
to  malnutrition,  just  as  he  may  a  peculiar  feature  or  mental  condition,  is  un- 
doubted. There  are  certain  conditions  which,  though  not  scrofulous,  are 
supposed  to  have  a  tendency  to  develop  this  disease  in  the  oflPspring  to  which 
they  are  transmitted ;  thus,  very  dyspeptic  parents  commonly  have  strumous 
children  ;  so,  also,  the  offspring  of  very  old  or  verv  young  people  often  exhibit 
a  proneness  to  scrofulous  or  tuberculous  affections.  The  influence  of  inter- 
marriage is  still  a  matter  of  doubt,  but  I  believe  that  it  is  but  small :  and  it 
is  commonly  stated  that  the  inhabitants  of  small  communities  who  intermarrv 
closely,  such  as  those  of  the  Isles  of  Portland  and  of  Man,  are  not  more  liable 
to  scrofula  than  other  individuals. 

The  most  powerful  occasioning  cause  of  scrofula,  and  that  wliich  in  most 
civilized  countries  is  likewise  the  most  fi-c(juent,  k  niaJ/ii/frition  nnd  maJ-ass/))ri- 
Mion,  arising  from  an  habitual  disregard  of  hygienic  laws  ;  either  from 
insufficiency  of  nourishment,  or  the  administration  of  improper  food,  in  the 
poorer  classes  ;  or  from  overfeeding,  and  overstimulation  of  the  digestive 
organs,  amongst  the  children  of  the  wealthier  orders  of  society,  inclucing 
chronic  irritation  of  the  mucous  membrane  of  the  stomach  and  interfcreucie 
Avith  the  digestive  powers,  and  consequently  with  nutritioii.  The  influence  of 
food  that  is  innutritious  in  quality  or  insufficient  in  quantity,  has  been  shown 
by  Phillips,  in  liis  excellent  Treatise  on  Scrofula,  to  be  the  most  immediate 
cause  of  this  disease  ;  and,  when  conjoined  with  the  injurious  effects  of  a 
confined  and  impure  atmosphere,  it  maybe  considered  as  sufficient  to  occasion 
the  disease  in  those  cases  in  which  no  ])redisposition  to  it  exists,  and  greatly 
to  develop  any  hereditary  tendency  to  it  in  the  system.    It  is  to  the  conioine'd 
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influence  of  agencies  such  as  these  that  we  must  attribute  the  prevalence  of 
scrot'uUi  amongst  the  lower  orders  both  of  town  and  of  rural  populations. 

Both  scrofulous  and  tuberculous  manifestations  are  often  called  into  im- 
mediate action  by  the  dcbilitij  induced  by  precious  diseases,  such  as  measles, 
scarlatina,  hooping-cough,  &c. 

The  inocidabilUij  of  tubercle  has  been  fully  established  by  the  experiments 
of  Villemin,  Wilson  Fox  and  Burdon-Sandersun,  and  the  recent  observations 
of  Robert  Koch  lia\-e  suggested  that  the  bacillus  discovered  by  him  is  the 
actual  virus.  What  part  infection  plays,  howe\  cr,  in  the  causation  of  tubercle 
is  still  undetermined.  That  infection  of  the  system  may  take  place  from  a 
local  focus  of  tubercular  inflammation  is  bevond  a  doubt :  and  there  is  stron"- 
evidence  in  support  of  the  belief  in  the  transmission  of  the  disease  from 
individual  to  individual  by  close  cohabitation,  social  or  sexual.  Yet,  however 
great  the  part  played  by  infection  may  be,  it  is  beyond  a  doubt  that  the  virus 
recpiires  a  proper  soil  for  its  development,  and  that  the  l)ody  of  a  healthy 
individual  does  not  furnish  that  soil.  In  the  prevention  of  the  disease  it  is 
therefore  to  the  constitutional  predisposing  causes  that  our  attention  must  be 
chiefly  directed.  The  possibility  of  general  infection  ft-om  a  local  focus  of 
disease  suggests  also  the  importance  of  the  removal  by  operation  of  all  old 
tuberculous  masses  in  glands  oi'  l^ones,  lest  they  become  centres  of  tuberculous 
dissemination. 

Excluding  diseases  of  the  lungs,  scrofula  usually  develops  at  an  earhj 
cuje,  though  seldom  before  the  child  has  reached  its  second  year.  It  is  most 
commonly  about  the  period  of  the  second  dentition  that  the  aftection  declares 
itself^  and  it  is  rare  to  meet  with  it  for  the  fu'st  time  after  the  ages  of  twenty- 
tive  or  thirty-five.  According  to  Phillips,  when  it  is  fatal,  it  usually  proves 
so  before  the  fifteenth  year ;  GO  to  70  per  cent,  of  the  deaths  occurring 
before  this  age.  Sex  does  not  appear  materially  to  influence  the  disease ; 
though,  according  to  the  same  authority,  the  deaths  of  males  from  scrofula 
exceed  thdse  of  females,  in  this  country,  by  2\  per  cent. 

Senile  Scrofula. — ]\Iiddle-aged  and  elderly  people  are  occasionally  attacked 
by  an  acute  form  of  scrofulous  disease.  The  individuals  so  affected  have 
usually  been  tuberculous  in  their  youth,  or  come  of  strumous  families.  But 
the  disease  has  apparently  been  cured,  and  they  may  have  enjoycnl  good  health 
and  led  active  lives  for  a  long  series  of  years.  Under  the  influence  of  depress- 
ing physical  or  mental  causes,  or  as  the  result  of  debility  and  ih  health  conse- 
quent on  some  serious  illness,  typical  symptoms  of  scrofulous  disease  will 
manifest  themselves  in  the  soft  parts,  the  joints,  and  the  bones.  The  disease 
may  run  an  acute  course,  and  the  patient  will  die  of  tuberculosis  of  some  of  the 
organs. 

Treatment. — This  should  consist  rather  in  endeavouring  to  prevent  the 
occurrence  (»r  full  manifestation  of  scrofula,  than  in  removing  it  when  it  is 
actually  existing.  Indeed,  the  Preventive  Treatment  is  perhaps  of  most 
consequence,  and  by  proper  attention  to  it,  I  have  no  hesitation  in  saying,  the 
development  of  the  affection,  eveji  when  hereditary,  may  be  stoi)])ed  ;  and  the 
child  of  strumous  parents,  presenting  perhaps  the  features  indicative  of  the 
diathesis,  may  pass  through  life  without  the  disease  having  an  oi)portunity  of 
declaring  itself.  In  order  to  accomplish  this,  however,  the  prevcjitive  plan  of 
treatment  must  be  commenced  early,  and  continued  uninterruptedly  fur  a 
considei-able  time,  even  for  yeai's. 
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The  prc^•c^tiTC  treatment  of  scrofula  and  tubercle  may  be  said  in  gener;i  i 
terms  to  consist  in  close  and  continuous  attention  to  hyo-ienic  rules.  The  diet 
must  be  specially  attended  to  ;  nourisliing-  food,  but  of  the  lif^htest  quality, 
hCnvjf  I2,"iven.  A  j^reat  error  is  often  connnitted  in  oA-erloading  the  stomach 
wirh  more  or  with  heavier  food  than  it  can  dij^'cst,  under  the  impression  that 
strong  food  is  necessary  to  give  the  patient  strength.  In  consequence  of  this 
error,  the  irritability  of  the  mucous  membrane  is  kept  uj),  nutrition  is  imper- 
fectly and  badly  performed,  the  surplus  food  is  thrown  oil'  in  the  shape  of 
lithatcs  or  other  products  of  mal-assimilation,  and  health  and  strength,  which 
are  the  results  of  i)erfect  nutrition,  become  impaired  rather  than  improved. 
The  use  of  stimulants,  whether  Avine  or  l)eer,  should  be  veiy  sparing,  and  the 
milder  and  weaker  should  be  preferred  to  the  heavier  and  stronger  kinds  of 
malt  liquor  ;  the  bowels  nmst  be  kept  regular  with  the  simplest  aperients  ;  the 
clothing  should  be  warm,  and  must  cover  the  whole  of  the  surface  ;  and  the 
patient  should,  if  possible,  be  kept  in  well-ventilated  rooms.  He  should  be 
allowed  sufficient  exercise  in  the  open  air,  not  carried  to  the  point  of  fatigue, 
and  should,  if  his  circumstances  will  permit,  have  change  of  air  from  time  to 
time,  alternating  a  sea  with  an  inland  climate.  Bathing  also,  whetlier  in  sea 
or  river,  with  the  habitual  use  of  the  tepid  or  cold  spo]ige-l)ath,  and  friction  of 
the  surface  with  hoi'se-hair  gloves  or  a  rough  towel,  so  as  to  keep  the  skin  in 
healthy  action,  should  be  regularly  practised.  In  cariying  out  this  general 
plan  of  treatment,  it  must  be  borne  in  mind  that  the  health  and  strength  of  a 
delicate  and  weakly  child  can  be  improved  only  up  to  the  highest  standard 
admissible  by  its  individual  constitutio]i.  A  weakly,  scrofulous  child  may  be 
improved  in  health  and  may  be  strengthened  in  body  ;  but  it  can  never,  by 
any  hygienic,  dietetic,  or  medicinal  process,  have  the  original  defect  in  its 
organization  so  completely  eradicated  as  to  be  rendered  as  robust  and  vigorous, 
as  a  child  of  good  congenital  stamina  who  had  been  equally  well  cared  for. 

The  Curative  Treatment  should  be  specially  directed,  like  the  preventive, 
to  the  general  improvement  of  the  nutrition,  and  through  it  to  the  augmenta- 
tion of  the  constitutional  v  igour  of  the  j^atient  ;  all  those  hygienic  means  that 
have  just  been  alluded  to  being  continuously  carried  out. 

The  more  strictly  medical  treatment  of  scrofula  consists  in  the  administration 
of  tonics  and  alteratives  with  the  A  iew  of  im])roving  the  patient's  constitutional 
jiowers.  Before  they  are  administered,  however,  it  is  always  necessary  to  sec 
that  the  digestive  organs  are  in  a  healthy  condition.  Scrofula  is  a  consequence 
of  malnutrition  ;  and  unless  we  see  that  digestion,  the  first  stage  of  the  nutri- 
tive process,  is  properly  accomplished,  all  other  means  will  be  useless.  When 
the  tongue  is  covered  with  a  white,  thick,  creamy  fur,  and  has  elongated  jiapillte 
and  red  edges,  the  mucous  membrane  being  in  a  state  partly  of  irritability  and 
partly  of  debility,  neither  purgatives  nor  tonics  can  be  largely  administered  : 
the  former  irritating,  the  latter  overstimulating  the  morbidly  sensitive  mucous 
membrane.  In  these  circumstances  the  patient  should  be  confined  to  the 
mildest  possible  diet,  which  must  principally  consist  of  milk,  boiled  fish,  white 
meats,  and  light  pudding,  no  stimulant  of  any  kind  being  allowed  except  a 
small  quantity  of  claret  or  bitter  beer;  and,  unless  the" patient  have  been 
accustomed  to  the  use  of  stimulants,  these  even  had  better  be  dispensed  Avith. 
Small  doses  of  mercury  with  chalk,  of  soda  and  rhubarb,  sliould  be  occasioiudly 
administered  at  bed-time,  with  some  of  the  compound  decoction  of  aloes  on 
tlie  following  morning  ;  and  a  few  grains  of  the  carbonate  of  soda  or  of  potash 
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may  be  <,aven  twice  or  thrice  a  day  in  some  li<?ht  bitter  infusion,  as  of  cascarilla 
or  calumba.  In  many  cases  of  strumous  disease,  more  especially  those  atiecting 
the  joints  and  bones,  the  liver  will  be  found  to  l)e  enlarged  and  slnj^gish  in  its 
action,  tbe  patient  every  now  and  then  becoming  bilious,  sallow,  and  jaundiced  ; 
in  these  circumstances,  small  doses  of  blue  pill,  carried  ofl"  with  the  compound 
decoction  of  aloes  or  a  rhubarb  draught,  will  be  found  necessary  from  time  to 
time.  When  all  gastric  irritation  has  l)een  remoN  ed  in  this  way,  or  if  it  have 
not  existed  in  the  nsual  marked  degree  from  the  fii-st,  the  i)atient  being  pale 
and  flabby,  with  a  weakened  condition  of  the  pulse,  of  the  skin,  and  of  tlie 
mucous  surface,  then  tonics  may  be  administered,  and  the  more  spccihc  treat- 
ment adopted. 

The  great  remedies  which  arc  employed  with  the  view  of  removing  scrofula 
and  curing  the  secondary  aliections  which  it  induces,  are  iron,  iodine,  the  pre- 
panxtions  of  potash,  and  cod-liver  oil.  These  are  all  extremely  useful,  either 
singly  or  conjoined,  as  they  serve  to  carry  out  distinct  indications  in  the 
management  of  this  affection, 

Iran  is  most  useful  in  improving  the  nutrition  of  pale,  flabby,  ana3mic  sub- 
jects, increasing  markedly  the  quantity  and  (juality  of  blood  in  the  system. 
The  best  preparations  for  children  arc,  I  think,  the  vinum  ferri  and  the  syruj) 
of  the  iodide  of  iron.  In  older  persons  the  tincture  of  the  perchloride,  and 
some  of  the  forms  of  the  citrate  or  the  phosphate  of  iron,  appear  to  be  most 
serviceable  ;  in  other  cases,  again,  the  natural  chalybeate  waters  will  be  found 
to  agree  best. 

lodlm  is  especially  valua1)le  in  promoting  the  absorption  of  effused  plastic 
matters,  and  in  lessening  the  morbid  hypertrophies  which  so  commonly  take 
place  in  scrofula.  The  preparation  usually  employed  is  the  iodide  of  potassium. 
In  order  that  this  may  produce  its  full  efi'ects,  it  should  be  given  as  freely  as 
the  patient  will  bear  it,  continued  for  a  considerable  length  of  time,  and  espe- 
cially administered  in  combinations  with  other  preparations  of  potash.  With 
the  view  of  preventing  it  from  irritating  the  stomach,  it  should  be  given  in  a 
considerable  (juantity  of  some  bland  fluid.  Its  combination  with  the  other 
salts  often  renders  it  more  efficacious.  For  this  purpose  I  have  found  the 
following  form  extremely  useful  for  adults,  the  dose  being  proportionately 
diminished  in  the  case  of  children  : — R  Potassii  iodidi,  Potasste  chloratis,  aa  5j ; 
Potassas  bicarbonatis,  5iij.  Divide  into  twelve  powders,  of  which  one  is  to  be 
taken  night  and  morning  in  half  a  pint  of  warm  milk.  In  other  cases,  the 
liquor  potassas,  Brandish's  alkahne  solution,  or  lime-water  given  freely  in  milk, 
are  serviceable  ;  but  I  prefer  the  above  prescrij)tion. 

Cod-liver  oil,  Avhich  may  be  looked  upon  rather  as  an  article  of  diet  than  as 
a  medicine,  is  of  essential  utility  in  impnn'ing  the  luitrition  of  the  body  in 
cachectic  and  emaciated  states  of  the  system,  more  particularly  in  growing 
children,  or  in  individuals  who  arc  suflering  from  the  wasting  eftects  of 
strumous  suppuration  ;  it  not  only  fattens  but  streiigthens  the  system,  increas- 
ing decidedly  the  nniscnlar  power  and  the  (juantity  of  red  corpuscles  in  the 
blood.  It  may  often  very  advantageously  be  administered  iji  combination  with 
the  iodides  of  potassium  or  iron,  and  given  after  meals. 

Of  the  other  tonic  remedies  which  may  be  employed  in  this  affection,  such 
as  the  preparations  of  hark  and  of  sarsaparilla,  I  need  say  nothing  beyond  that 
they  may  often  be  usefully  administered  in  fulfilling  ordinary  therapeutic 
indications.    Kinger  recommends  the  svlpMde  of  calcium  as  extremely  A  ahiable 
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ill  scrofulous  and  tuberculous  inlands,  and  in  chronic  strumous  sores  and 
abscesses.  He  upcs  it  in  a  solution  Avhich  has  much  the  strength  ot  Harrogate 
AVaters.  Thus,  he  directs  a  grain  of  the  sulphide  of  calcium  to  be  dissolved 
in  a  half  pint  of  water,  and  of  this  a  teaspoonful  is  taken  every  hour. 
As  this  mode  of  administration  is  seldom  practicable,  the  drug  may  be 
given  in  small  doses  from  three  to  six  times  a  day.  The  best  form  is  m 
pilules  containing  from  one  quarter  to  half  a  grain.  If  these  cannot  be 
obtained,  the  finely  powdered  sulphide  may  be  kept  in  a  closely  stoppered  bottle, 
and  enough  just  to  cover  the  point  of  a  pen-knife  taken  in  a  wmc  glass  ot 
water.  It  cannot  be  made  up  in  any  mixture,  as  it  rapidly  decomposes,  m 
contact  with  water  giving  off  sulphuretted  hydrogen.  Under  its  influence, 
the  glands,  it  is  said,  either  return  to  the  normal  state  or  hasten  on  to  suppu- 
ration, and  chronic  abscesses  either  dry  up  or  are  speedily  brought  forward  and 
their  contents  discharged,  a  healthy  healing  sore  being  left. 

The  Local  Treatment  of  scrofula  consists  in  a  great  measure  in  the  ordi- 
nary local  management  of  chronic  inflammation,  modified  according  to  the  seat 
and  peculiar  nature  of  the  affection.  Much  of  the  local  treatment,  however, 
especially  in  the  more  advanced  stages,  consists  in  removing  the  effects  of  the 
disease  in  the  shape  of  caseous  deposits,  false  hypertrophies,  and  general 
enlargement  and  thickening  of  parts. 

The  treatment  of  scrofulous  abscesses  must  be  carried  out  according  to  the 
rules  laid  down  in  the  Chapter  on  Abscesses.  Whenever  caseous  matter  is 
present  in  the  wall  of  the  abscess,  it  should  be  scraped  away  by  means  of  a 
sharp  spoon  (Fig.  95).  By  this  means  the  patient  is  frequently  saved  the 
long  sup]iuration  which  Avould  otherwise  attend  its  gradual  expulsion.  In 
these  operations  antiseptic  treatment  in  some  form  is  of  the  greatest  value. 
In  many  cases  the  healing  is  apparently  hastened  by  the  introduction  of  a 
small  quantity  of  iodoform  into  the  cavity.  lodoform-wool  also  will  be  found 
one  of  the  most  convenient  dressings.  In  some  cases  the  injection  of  tincture 
of  iodine  into  the  sac  of  the  abscess  will  be  found  very  useful.  The  local 
treatment  of  scrofulous  diseases  of  bones  and  joints  will  be  fully  discussed  with 
the  diseases  of  those  parts. 

Chronic  thickenings  left  after  scrofulous  inflammations  may  be  removed  by 
means  of  lotions  containing  the  iodide  of  potassium,  or  the  carbonate  of  potash, 
applied  by  means  of  lint  covered  with  oiled  silk  ;  a  drachm  of  each  of  the  salts, 
with  an  ounce  of  spirits  of  wine  to  eleven  ounces  of  water,  makes  an  excellent 
application,  which  appears  often  to  be  very  efficacious.  In  many  cases, 
frictions  with  the  iodide  of  lead  oiutment,  or  pressure  by  means  of  strapping 
and  bandages,  will  be  found  the  most  serviceable  means  that  the  Surgeon  can 
adopt. 

Operations  in  Scrofulous  and  Tuberculous  Cases. — In  cases  of  scrofu- 
lous diseases  of  tlic  soft  parts,  the  bones,  or  the  joints,  the  question  of  the 
propriety  of  operating,  whether  this  be  for  the  excision  of  a  gland,  the  resection 
of  a  joint  or  bone,  or  the  amputation  of  a  limb,  has  often  been  discussed.  In 
these  cases,  operations  should  not  be  undertaken  too  hastily,  too  early  in  tiie 
disease,  or  in  very  young  subjects.  The  affection  being  constitutional,  it  Avill 
often  be  found,  as  the  general  health  of  the  patient  is  improved  by  prop.cr 
treatment,  that  local  mischief,  which  at  first  appeared  Acry  intractable, 
gradually  assumes  a  more  circumscribed  and  healthy  form,  and,  in  fact,  to  a 
great  extent  undergoes  spontaneous  cure.    This  we  especially  find  to  l)e  the 
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case  in  yoiiiig  cliilJrcu,  in  wluuu  very  extensive  disease  of  the  bones  and  joints 
may  often  be  recovered  from,  Avithont  the  necessity  of  any  serions  snrgical 
interference.  Shonld  any  operation  be  undertaken,  it  is  desirable  not  to  liave 
recourse  to  it  whilst  the  disease  is  acti\  ely  spreading.  In  these  circnnistances, 
it  is  not  only  probable  that  suppurative  inflammation  of  an  unhealthy  kind  may 
be  set  up  in  the  wound  itself,  but  that  disease  of  the  soft  parts  or  bones  may 
recur  in  the  cicatrix  of  the  original  wound,  or  that  the  corresponding  parts  on 
the  opposite  side  of  the  body  may  become  similarly  affected  in  very  chronic 
cases  of  scrofulous  disease  of  bones  and  joints.  After  excision  of  the  elbow, 
the  knee,  or  the  bones  of  the  foot  and  wrist,  the  disease  Avill  sometimes  return 
in  the  contiguous  soft  parts  to  such  an  extent  as  to  render  a  second  operation 
necessary  ;  the  tissues  in  the  neighbourhood  of  the  cicatrix  becoming  swollen, 
spongy,  and  infiltrated  with  a  quantity  of  gelatinous  semi-transparent  exuda- 
tion, running  into  unhealthy  sni)puration,  with  fistulous  tracts  leading  through 
it  that  cannot  be  brought  to  heal.  In  some  cases  even  of  simple  strumous 
disease  of  the  integuments  of  the  arm,  leg,  or  foot,  attended  with  chronic  and 
intractable  ulceration,  amputation  of  the  limb  is  the  only  course  left  to  the 
Surgeon.  When  strumous  suppuration  leads  to  hectic,  the  patient  will  speedily 
sink  unless  the  diseased  structures  be  removed. 
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VENEREAL  DISEASES. 

Thk  term  Vemreal  Dmasr  is  used  to  denote  those  affections  which  arise 
primarily  from  sexual  intercourse.  It  was,  until  lately,  held  to  include  but 
two  distinct  specific  diseases— Syphilis  and  Gonorrhcca.  The  special  re- 
searches of  Surgeons  in  this  country  and  on  the  continent  have,  however,  in 
late  years,  established  the  fact,  that  in  the  term  Syphilis  there  have  beeu 
included  two  distinct  affections,  both  communicable  by  contagion  during  intcr- 
coui-se,  but  differing  in  their  charactei-s,  and  especially  in  this, — that  the  one- 
is  a  purely  local  affection,  while  the  other  not  only  produces  local  effects,  but, 
l)y  the  introduction  of  a  specific  poison  into  the  system,  infects  tlie  general 
constitution  of  the  person  to  whom  it  is  communicated.  To  the  purely  local 
disease  the  term  Local  Contagious  Ulcer  or  Chancre  may  be  applied ;  the  word 
Syphilis  being  restricted  to  the  constitutional  affection.  By  some  writers 
the  term  Chancre  is  limited  to  the  non-infecting  sore,  but  nmcli  more 
commonly  it  is  applied  also  to  that  form  of  the  primary  manifestation  of 
syphilis  in  which  there  is  an  ulceration  at  the  seat  of  inoculation.  When 
used  in  this  way  the  different  forms  of  sore  are  distinguished  as  infecting  or 
non-infecting,  syphilitic  or  simple,  hard  or  soft  chancres. 

Hunter  and  his  followers  supposed  that  all  the  specific  diseases  arising 
from  sexual  intercourse  originated  from  one  and  the  same  poison.  But  this 
doctrine  has  been  proved  to  be  erroneous  ;  for  not  only  are  the  local  appear- 
ances and  constitutional  effects  of  these  diseases  widely  different,  but  liicord 
has  shown,  in  the  most  conclusive  manner,  that  gonorrhoeal  matter,  when  in- 
oculated on  the  skin  or  mucous  membrane,  never  produces  a  chancre  ;  and  that, 
on  the  other  hand,  chancrous  pus  can  never  be  made  to  produce  gonorrhoea. 
Each  of  the  diseases — Local  Contagious  Chancre,  Syphilis,  and  Gonorrhea — 
propagates  itself,  and  no  other.  Two  of  these  diseases  may,  however,  co-exist 
in  the  same  person.  Thus,  we  shall  have  occasion  to  notice  the  coincidence,  in 
some  cases,  of  the  local  chancre  Avith  the  phenomena  of  constitutional  syphilis. 
Again,  liicord  has  pointed  out,  that  a  woman  may  at  the  same  time  be  alfccted 
by  gonorrhoea  and  by  chancres  on  the  uterus ;  and  this  probal)ly  explains  those 
cases  in  which,  after  Cdunection  with  the  same  woman,  different  men  have 
contracted  different  forms  of  disease,  or  even  both  affections.  In  this  Chapter, 
we  shall  describe — 1,  the  Local  Contagious  Ulcer  or  Chancre  ;  and  2,  Syphilis; 
reserving  tlie  consideration  of  Gonorrhoea  till  we  speak  of  Diseases  of  the 
Urinarv  Organs.* 

1.    LOCAIj    CONTAQIOtrS    ULCER    OR  CHANCRE. 

The  Local  Contagious  Ulcer,  Simple  Hon-infecting  Sore  or  Soft 
Chancre,  is  a  sore  of  special  form  and  appearance,  characteristic  of  the  nature 

Tlie  student  wlio  wishes  for  fuvtlier  iiifoniiation  on  Venereal  Diseases  inav  refer  to  the  2ml  eilitio.u 
of  "Syphilis  and  J.ocal  Ccintasious  Discirders,"  by  Berkeley  Hill  and  Arthur  Cou'por,  in  which  will  bo  found 
a  ciiniplete  sununary  of  all  that  is  known  up  to  the  present  time. 
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ot  the  disease.  It  may  occur  on  the  cutaneous,  and  the  nnicous,  or  niuco- 
cutaueous  snrfiices,  most  commonly  on  the  latter,  on  account  partly  of  their 
greater  exposure  to  contagion,  but  chiefly  from  their  being  less  perfectly  pro- 
tected by  epidermis.  Chancres  present  much  variety  as  to  their  apjiearance 
and  to  the  course  which  they  pursue  :  so  great  indeed  are  the  varieties,  that 
they  liave  been  looked  upon  by  some  Hurgeonsas  aitbrdiiig  evidence  of  distnict 
diseases  proceeding  from  different  poisons.  This  doctrine,  however,  is  entirely 
erroneous  ;  the  varieties  in  their  appearance  depend  on  seat,  constitution,  and 
other  accidental  circumstances.  A  chancre,  then,  is  a  specific  venereal  sore  or 
ulcer,  originating  invariably  from  contagion,  and  capable  of  propagation  to 
other  parts  of  the  same  or  different  individuals  by  inoculation.  Like  all  other 
ulcers,  a  chancre  presents  two  distinct  periods  :  the  first,  in  which  it  is  either 
spreading  or  stationaiy,  in  which  alone  it  is  specific,  and  w^hich  may  be  of 
almost  infinite  duration  ;  and  the  second,  in  which  it  has  commenced  to 
granulate,  and  a  process  of  repair  is  set  up  in  it. 

Specific  Nature. — Ricord  and  numerous  other  observers  have  shown 
clearly  by  experiment,  that  i)us  from  a  chancre,  during  its  first  period,  if  in- 
oculated into  any  jwrt  of  the  surface  of  the  body,  will  produce  a  specific  sore 
of  the  same  character.  After  the  inoculation  has  been  repeated  a  certain 
numl)er  of  times  the  indi^■idual  seems  to  become  insusceptible  to  the  poison, 
and  no  chancre  follows  the  introduction  of  the  pus.  Boeck  states  that  this 
occurs  usually  after  three  or  four  months  of  repeated  inoculation,  but  the 
time  varies  Avith  different  individuals  ;  some  never  acquire  an  immunity, 
and  in  all  it  is  only  temporary.  No  pus  that  is  not  chancrous  can  occasion 
the  specific  A  enereal  ulcer. 

A  simple  chancre  is  a  local  infective  inflammation,  produced  by  the  action 
of  a  virus  which  increases  in  quantity  in  the  affected  area.    The  increase  of 
tlie  poison  is  supposed  to  take  place  by  a  h  rocess  analogous  to  fermentation 
occurring  in  the  inflammatory  exudations.  Thus  we  see  that  the  result  of  the  in- 
oculation of  an  infinitesimal  dose  of  the  poison  may  l)e  the  formation  of  a  sore 
from  which  many  drachms  of  infective  pus  may  be  discharged  before  the  process 
ceases.    The  intensity  of  the  local  action  of  the  poison  is  such  as  to  cause  a  pro- 
gressive destruction  of  the  tissues  by  ulceration.    As  a  rule  it  shows  but  little 
tendency  to  diffuse  itself  amongst  the  tissnes,  the  area  of  inflammation  beneath 
and  around  the  ulcerating  surface  being  usually  very  limited.  Occasionally, 
however,  fi-om  causes  which  arc  not  fully  understood,  the  intensity  of  the  virus 
is  greater  ;  it  then  extends  more  deeply,  causing  more  rapid  destruction,  the 
dead  tissues  not  being  removed  by  ulceration,  hut  remaining  as  an  adherent  pulpy 
slough.     This  form  is  described  as  the  phagedicnic  or  sloughing  chancre. 
The  virus  of  a  simple  chancre  may  be  taken  up  by  the  lymphatics  and  cari-ied 
to  the  nearest  lymphatic  glands,  where  it  may  set  up  an  inflammation  of  the 
same  character  as  that  at  the  primary  seat  of  disease.    Beyond  this  it  never 
goes,  and  althougli  we  must  suj^posc  that  it  is  possible  that  it  may  enter  the 
blood-stream,  it  certainly  produces  no  general  infection  under  any  circum- 
stances.   Of  the  exact  nature  of  the  vims  we  know  but  little.    Chancrous  pus 
is  said  to  lose  its  activity  after  drying,  or  after  being  kept  for  some  time  in 
capillary  tubes.    Its  infectivity  is  readily  destroyed  by  alcohol,  corrosive  sub- 
limate, and  many  other  chemical  substances.    No  specific  organism  has  as  yet 
been  shown  to  be  constantly  jn-csent  in  the  discharges  from  a  chancre. 
Origix  and  Progress. — A  chancre  is  necessarily  contracted  in  most 
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cases  durin^^  impure  sexual  intercourse  ^vitli  a  person  alrcacly_  coiitami 
nated  by  the  disease.  It  usually  commences  ^vith  a  small  excoriation,  which 
appears  to  have  been  directly  inoculated  with  the  specific  poison.  In 
other  cases,  though  more  rarely,  it  may  be  seen  at  first  in  the  shape  of  a 
small  pointed  pustule,  which  speedily  breaks,  lea\  ing  an  ulcer  of  a  specific 
character  in  its  site.  Very  generally,  however,  this  pustule  escapes  observation, 
and  the  disease  is  presented  in  theVirst  instance  as  an  ulcer.  The  chancrous 
ulcer,  whatever  form  it  assumes,  seldom  makes  its  appearance  until  a  few  days 
(three  tQ^five),  after  connection.  In  some  cases,  however,  I  have  observed  it, 
evidently  from  the  infection  of  a  fissure  or  crack,  on  the  day  following  impure 
intercourse  ;  and  occasionally,  in  rare  instances,  its  appearance  may  be  delayed 
a  few  days  longer  than  that  time  which  has  been  mentioned. 

Berkeley  Hill  states  that  <)!)  per  cent,  of  simple  chancres  are  situated  on  the 
genital  organs.  They  are  occasionally  met  with,  however,  in  irregular  situa- 
tions, as  upon  the  fingers  of  Surgeons  or  Accoucheurs,  from  touching  venereal 
sores,  or  attending  diseased  women  during  labour  ;  but  this  is  far  less  common 
with  simple  sores  than  with  true  syphilis.  Simple  chancres  are  also  rare  in  the 
face  compared  to  true  syphilitic  sores.  The  reason  of  this  is  that  in  the  simple 
chancre  the  discharge  from  the  sore  is  the  only  source  of  infection,  while  in 
syphilis,  the  secretions  from  the  mouth,  the  discharges  from  secondary  syphilitic 
sores,  or  even  the  blood,  possess  infective  properties.  In  some  cases,  the  dis- 
order is  contracted  fi-om  the  contact  of  filthy  clothes  or  dirty  utensils  wath  the 
person  ;  and  not  uncommonly,  it  is  said,  chancres  are  contracted  at  public  water- 
closets.  Although  the  latter  mode  of  infection  is  not  impossible,  it  should  be 
received  with  doubt,  as  it  is  an  explanation  not  uncommonly  adopted  by  those 
Avho  desire  to  account  for  consequences  of  an  act  of  immorality,  in  a  way  that 
does  not  expose  them  to  reproof. 

In  speaking  of  the  mode  of  i)ropagatioii  of  syphilis,  "Wiseman  says  :  "  It  is 
frequent  to  mention  other  secondary  ways  of  the  propagation  of  it ;  as  lying  in 
the  same  bed  with  an  infected  person,  lying  in  the  same  sheets  after  them,  or 

wearing  their  cloaths  Drinking  with  one  so  diseased,  or  sitting  on  the 

close-stool  after  them,  are  likewise  numbered  among  the  causes  of  infection. 
These  are  all  such  convenient  excuses  for  the  more  shie  and  coy  patients,  wdio 
will  not  otherwise  be  brought  to  confess  their  distempers,  that  it  is  pity  to 
discountenance  them  "  (Wiseman  :  "  Several  Chirurgical  Treatises.  Of  Lues 
Venerea,"  London,  ICTO). 

"VVhateA'er  the  appearances  presented  by  a  chancre,  there  can  no  longer  be 
any  doubt  that  the  disease  arises  from  one  kind  of  virus  only  ;  the  modifica- 
j  tions  in  the  sore  depending  on  its  situation,  on  the  constitution  of  the  patient, 
land  occasionally  on  that  of  the  individual  who  communicates  the  infection. 
That  this  is  so,  is  evident  from  the  facts  that- every  chancre,  when  inoculated, 
reverts  to  one  typical  form  ;  and  that,  howe\  cr  much  chancres  may  ultimately 
differ,  they  all  present  the  same  characters  during  their  early  stages. 

The  progi'ess  of  a  chancre  that  has  been  artificially  inoculated  on  any  part 
of  the  cutaneous  surftice  is  as  follows,  and  its  studv  will  serve  to  elucidate  what 
takes  ])lace  in  other  circumstances.  Durnig  the  first  twenty-four  hours  after 
the  introduction  of  the  specific  pus  into  the  skin  on  the  point  of  a  lancet,  we 
find  that  some  inflammation  is  set  up  around  the  puncture,  which  becomes  hot, 
red,  and  itchy.  About  the  third  or  fourth  day,  a  pointed  pustule  is  produced, 
which  is  at  first  deep-set,  but  becomes  on  the  following  day  more  superficial 
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with  some  depression  in  the  centre,  resembliii<^- ratlier  closely  a  smallpox  pusfculo. 
On  the  fifth  day  the  jjiistnle  bursts  ;  and  on  the  sixth  it  has  iisually  dried, 
forminf>-a  small  round  seal),  which  comes  oflF,  leaving  an  ulcer  which  ])rescnts  the 
typical  characters  of  a  true  chancre,  being  circular,  and  il^u'essed,  with  an 
irregular  "worm-eaten"  surface  of  a  foul  greyish  colour,  which  cannot  lie 
cleansed,  sharp-cut  edges,  a  base  slightly  indurated  by  inflannnation,  aiid  an 
angiy-looking  red  areola  around  it.  Such  induration  as  may  be  ])resent  is 
not  sharply  defined,  but  fades  away  into  the  surrounding  healthy  tissues. 
This  is  the  typical  chancre,  and  these  are  the  appearances  that  every  true 
venereal  non-syphilitic  sore  on  the  skin  will  present  about  the  fifth  or  sixth 
day  after  inoculation  ;  from  this  time  it  may  diverge  more  or  less  completely 
from  these  characters,  but  will  yet,  if  inoculated  at  any  time  during  the 
poisonous  stage,  produce  an  ulcer  that  will  run  the  specific  course  up  to  the 
same  period,  after  which  it  may  in  its  turn  again  deviate  into  one  or  other  of 
the  unusual  forms  that  chancres  occasionally  assume. 

Varieties. — These  have  l)een  described  under  various  denominations  by  the 
numerous  writers  on  these  affections.  The  following  classification  will  include 
them  all  : — 1,  the  Simple  or  Soft  Chancre,  or  Chancrous  Excoriation  ;  2,  the 
Sloughing  Chancre  ;  and  3,  the  Phagedi\3nic  Chancre.  The  particular  fonn 
of  the  sore  is  in  each  case  detei-mined  by  its  situation,  and  the  constitution  of 
the  patient  or  that  of  the  individual  furnishing  the  contagion. 

1.  Simple  or  Soft  Chancre,  or  Chancrous  Excoriation,  is  certainly 
that  form  of  the  disease  which  is  most  (commonly  met  with.  It  consists  of 
one  or  more  small  sores,  somewhat  circular  in  shape,  of  a  very  shallow  cha- 
racter, resembling  rather  an  abrasion,  with  sharp-cut  edges,  sometimes  slightly 
undermined,  and  having  an  irregular,  spongy  surface  of  a  tawny  greyish  or 
yellowish  colour,  with  a  narrow  red  areola  around  the  edge  :  in  many  cases 
attended  with  nuich  heat  and  itching.  These  sores  are  usually  seated  on  the 
cleft  under  the  corona  glandis,  or  about  the  glans,  the  whole  of  which  may  be 
studded  by  them.  In  fact,  one  peculiarity  of  this  chancre  is  its  tendency  to 
multiplication  on  the  contiguous  structures.  In  other  cases,  the  sores  invade 
the  frjiennm,  which  may  l)e  perforated  :  or  they  may  occujiy  the  nuicous  sur- 
face of  the  prepuce.    In  no  case  are  they  indurated. 

The  excoriated  chancres  not -nnfretinently  ])resent  somcAvhat  varying  appear- 
ances. In  some  cases  their  surface  becomes  covered  with  large  fungous 
granulations,  hence  termed  finigaiimj  sores.  In  other  instances  they  are  very 
irritable,  becoming  exceedingly  sensitive,  with  a  tendency  to  spread,  and  having 
a  dusky  red  areola  around  them.  These  chancres  are  very  frequently  attended 
by  much  general  inflammation  of  the  penis  ;  the  organ  being  red  and  swollen, 
from  subcutaneous  oedema,  and  usually  in  a  state  of  phimosis,  with  much 
])urulent  discharge  from  ])etween  the  preinice  and  glans. 

2.  Sloughing  Chancre. — -This  may  be  looked  upon  as  a  gangrenous 
inflammation  of  a  non-infecting  sore.  It  is  usually  the  result  of  want  of 
cleanliness,  and  of  the  confinement  of  the  si)ecific  pus  under  a  long  foreskin. 
It  is  most  likely  to  occur  in  weak  and  debilitated  subjects,  but  it  is  also  met 
with  in  liealth'y  young  men.  The  penis  becomes  red,  greatly  swollen,  and 
somewhat  brawny,  the  prepuce  cannot  be  retracted,  and  foul,  very  offensi\  o 
pns.  often  stained  Avith  blood,  escapes  from  beneath  it.  If  it  be  not  relieved, 
a  dnskv  black-looking  spot  soon  makes  its  appearance  on  one  side  of  the 
organ    this  rapidlv  extends,  thick  black  pultaceous  sloughs  form,  and  tluis 
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t»iie  side  of  ihc  foreskin  may  Ije  destroyed,  ov  a  round  a])erture  may  form  in 
it,  through  which  the  glans  projects,  whilst  the  swollen  and  inflamed  extremity 
of  the  prepuce  liangs  down  Ijehind  it,  gix'ing  the  organ  a  very  remarkable, 
and,  at  first  sight,  somewhat  puzzling  ap]:)earance.  As  soon  as  the  pent-np 
discharges  find  exit  in  this  way.  the  intensity  of  the  inflammation  hecomes 
somewhat  relie\ed.  In  other  eases  tlie  wliole  foreskin  may  slough,  and  the 
glans  he  deeply  implicated,  and  even  the  corpora  cavernosa  denuded.  Severe 
hemorrhage  from  the  dorsal  artery  or  the  artery  of  the  frrenum  may  take 
place.  Not  uncommonly  the  pus,  being  unable  to  find  exit  fi"om  the  orifice  of 
the  swollen  prepuce,  bursts  through  the  reflection  of  the  foreskin  at  the  corona, 
and  burrows  beneath  the  skin  of  the  penis  for  some  distance  superficial  to  the 
corpora  cavernosa.  I  have  seen  it  extending  in  this  way  for  a  distance  equal 
to  the  two  first  joints  of  the  finger.  In  other  cases,  when  the  sore  is  near  the 
frtenum,  it  may  perforate  the  urethra,  leaving  a  fistulous  opening  which  it 
may  be  impossible  to  close.  After  the  separation  of  the  sloughs,  healthy 
granulations  spring  up,  the  sore  loses  its  specific  character,  and  cicatrization 
advances  rapidly. 

o.  The  Phagedaenic  Chancre. — This  differs  from  the  sloughing  chancre 
in  not  being  evidently  due  to  want  of  cleanliness.  It  attacks  sores  that  can 
be  freely  exposed,  as  well  as  those  that  are  concealed  l)eneath  a  long  foreskin, 
and  if  occurring  in  the  latter  condition  does  not  show  the  same  tendency  to 
cease  extending  as  soon  as  the  retention  of  the  discharges  and  inflammatory 
tension  are  relieved  by  slitting  up  the  foreskin.  The  sore  may  assume  the 
phagedajnic  character  from  the  very  first,  or  this  may  be  set  u]")  at  some  period 
of  its  course.  Phagedena  affects  both  the  simple  chancre  and  the  true  svphi- 
litic  sore.  In  fact  some  Surgeons,  especially  Jonathan  Hutchinson,  believe 
that  it  is  invariably  syphilitic,  either  attacking  a  primary  syphilitic  sore  or  a 
soft  sore  in  a  person  already  suffering  from  syphilis,  and  Berkeley  Hill  states 
that  a  considerable  proportion  of  cases  are  followed  by  secondary  symptoms. 
As  soon  as  the  phagedienic  ulceration  sets  in,  the  characteristic  appearances 
of  the  sore  are  lost,  so  that  it  is  not  possible  to  say  what  form  it  had  originally 
assumed. 

The  phagedenic  chancre  is  characterized  by  a  tendency  to  erosion,  with 
extensive  destruction  of  the  parts  that  it  invades.  The  progress  of  the  sore 
A'aries  greatly  in  its  rapidity.  In  some  cases  it  ad\ances  slowly  and  irregu- 
larly, healing  at  one  part  while  spreading  at  another  :  thus  forming  the 
serpiginous  sore.  In  other  cases  the  advance  is  extremely  rapid.  In  men  the 
whole  thickness  of  the  penis  may  be  destroyed  for  some  distance,  and  in 
women  the  recto-vaginal  septum  may  be  perforated.  Between  these  forms 
every  variety  may  be  met  with.  Wallace  has  divided  ]ihageda?nic  sores  into 
three  varieties  :  those  irilhoui  sluugh,  those  ivith  ivI/Mte  slout/h,  and  those 
hlack  slomjh.  This  classification  appears  to  me  to  be  a  useful  and  practical 
one,  and  I  accordingly  adopt  it. 

The  phmjedcvnic  chancre  wUhoid  shiu/h  is  a  truly  eroding  ulcer,  spreadino- 
with  sharply-cut  edges,  attended  by  slight  inflammation,  and  with  moderate 
activity  of  jirogress ;  it  is  commonly  observed  about  the  frenum  and  undei- 
part  of  the  glans,  and  very  frequently  hollows  out  and  destroys  the  organ  in 
this  situatif)n  to  a  considerable  extent.  When  reaching  the  skin,  it'^offceu 
assumes  the  serpiginous  form.  ' 

In  the  pJuiffedtenic  chancre  iriih  white  slov(jh,\sQ  find  an  inTf-ular  eroding- 
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ulcer,  with  a  thin  maro-in  of  white  slough  situated  at  the  jmictiou  of  the  dead 
and  living  structures  ;  that  which  covers  the  surface  of  the  sore  having  usually 
become  darkened  by  exposure  to  air,  to  dressings,  and  to  secretions. 

The  pluKjechcnic  chancre  iciih  blade  slough  differs  hut  little  from  tlie  last, 
except  in  the  colour  of  the  slough,  which  may  he  in  a  great  measure  accidental, 
and  in  its  tendency  to  somewhat  rapid  extension. 

Phagedenic  sores  are  most  commonly  met  with  in  persons  suffering  fron) 
debility  from  want  of  food,  or  after  exhausting  diseases,  and  in  scrofulous 
subjects.  Chancres  are  also  very  apt  to  assume  this  form  amongst  troops 
exhausted  by  the  hardships  of  a  campaign.  Phagedainic  sores  when  s])reading 
rapidly  arc  often  accompanied  by  much  pain  and  a  good  deal  of  constitutional 
disturbance. 

SiTUATrox. — As  simple  chancres  almost  invariably  result  from  connection 
"with  persons  suffering  from  sores  of  similar  nature,  they  conuuonly  occur  on 
tiie  genital  organs.  In  the  male  they  may  be  met  with  in  any  part  of  these  ; 
their  characters  vary  somewhat,  however,  according  to  the  situation  in  which 
they  occur.  They  are  by  far  most  commonly  seated  in  the  angle  formed 
between  the  glans  and  the  prepuce  ;  the  situation  next  in  ordei-  of  frequency 
is  the  orifice  or  the  inner  surface  of  the  prepuce,  next  the  frajunm,  then 
the  glans,  more  rarely  the  orifice  of  tlie  urethra,  in  some  cases  extend- 
ing a  short  way  down  the  canal,  and  lastly  the  skin  of  the  body  of  the 
penis.  Those  about  the  frienum  are  often  sloughy  and  irritable,  have 
a  great  tendency  to  perforate  or  destroy  this  membrane,  and  are  more 
frequently  followed  by  ha;morrhage  or  bubo  than  any  of  the  other  varieties  of 
the  disease. 

Chancres  may  also  form  on  other  parts  where  they  have  ])een  accidentally  or 
purposely  inoculated.  Thus  I  saw  many  years  ago  (183!))  in  Ilicord's  Avards,  a 
man,  labouring  under  eczema,  of  Oie  legs,  in  whom  the  cutaneous  disease  had 
been  couA'erted  into  a  series  of  immense  chancres  by  accidental  inoculation  from 
n  sore  on  the  penis. 

In  women,  chancres  are  most  commonly  situated  on  the  external  organs  of 
generation,  usually  just  inside  the  fourchette  or  labia  minora,  very  rarely  indeed 
on  the  lining  membrane  of  the  vagina,  but  sometimes  on  the  cer\  ix  or  os  uteri ; 
hence  it  is  impossible  ever  to  pronounce  a  woman  free  from  chancre  without 
examining  these  ]iarts  by  means  of  the  speculum.  When  situated  upon  the 
external  organs,  they  are  not  unfrequently  concealed  between  the  ruga3,  or  in 
siooks  and  corners  of  the  nuicous  membrane.  In  these  cases,  their  presence 
may  sometimes  be  detected  by  the  labia  being  swollen  and  ocdematous  from 
the  irritation  produced  by  them. 

Diagnosis. — The  diagnosis  of  chancre  is  usually  not  difficult,  the  peculiar 
character  of  the  sore  enabling  the  Surgeon  to  recognize  it  in  all  its  forms.  In 
some  instances,  however,  it  is  by  no  means  easy  to  say  positively  whether  an 
ulcer  on  the  penis  be  or  be  not  chancrous.  It  is  especially  difficult  to  distin- 
guish some  forms  of  excoriated  chancre  from  herpes  on  the  prepuce  or  glans, 
or  from  those  slight  excoriations  that  many  men  habitually  contract  after  a, 
somewhat  impure  connection  ;  so,  also,  the  wound  resulting  from  a  ruptured 
frfienum  often  presents  a  suspicious  appearance. 

Herpes  of  the  prepuce  is  recognized  l)y  the  c]osely-set  crop  of  small  vesicles 
with  some  redness  round  them.  Herpes  may  become  inoculated  with  tiie 
poison  of  a  chancre.    Pustules  then  quickly  form  in  the  place  of  the  vesicles, 
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and  bm-st,  leavin<?  a  iiunilier  of  small  sores  which  soon  coalesce.  A  sim'ple 
excoriation,  or  the  wound  from  a  ruptured  frajnuin,  can  only  he  distinguished 
ft'oni  a  cliancrc  by  watching  the  sore  for  a  few  days  ;  hut  it  is  better  not  to 
wait  till  the  characteristic  appearances  show  themselves,  but  to  treat  every 
doubtful  case  as  a  soft  chancre.  "When  the  prepuce  is  in  a  state  of  inflam- 
matoiT  ])himosis,  it  is  always  extremely  difficult  to  determine  without  slitting 
np  the  pi'cpucc  whether  there  be  chancres  under  it,  or  whether  the  discharge 
be  due  to  simple  balanitis  or  gonorrhoea.  Sometimes,  however,  the  inflamma- 
tory induration  round  the  sores  can  be  felt  through  the  swollen  foreskin. 

The  diagnosis  of  the  simple  non-infecting  chancre  from  the  primary  syphi- 
litic; sore  will  l)e  descril)ed  with  the  latter  affection.  It  is  for  this  purpose  only 
that  the  inoculation  of  the  discharge  or  the  administration  of  mercury  could  be 
suggested  as  a  means  of  diagnosis. 

Treatment  of  Non-infecting  or  Soft  Chancres. — The  treatment  of 
venereal  sores  has  engaged  the  anxious  attention  of  the  most  eminent  Sur- 
geons ;  and  until  the  simple  non-infecting  chancre  Avas  clearly  distinguished 
from  the  true  syphilitic  sore  much  difference  of  opinion  and  practice  prevailed. 
Tt  is  now,  however,  fully  recognised  that  the  simple  chancre,  being  a  local 
disease,  and  occurring  in  the  great  majority  of  cases  in  persons  otherwise  in 
perfect  health,  requires  no  constitutional  treatment  beyond  a  general  attention 
to  the  patient's  health.  The  gangrenous  and  phagedenic  forms,  on  the  other 
hand,  being  often  accompanied  by  serious  constitutional  disturbance,  or  dc- 
]iending  partly  on  a  debilitated  state  of  health,  require  constitutional  treat- 
ment as  well  as  local. 

Local  Treatment. — This  has  for  its  object  either  the  destruction  or  the 
modification  of  the  specific  character  of  the  sore. 

With  a  view  of  modifying  the  specific  character  of  the  sore,  there  is  no 
a]iplication  so  efficacious  as  iodoform.  It  will  usually  cure  a  simple  soft 
chancre  in  a  week  or  ten  days.  The  .cixstallinCj  and  not  the  precipitated 
iodoform  should  be  used,  as  the  latter  sometimes  causes  irritation.  It  is 
ai)plied  Iw  simply  dusting  a  small  quantity  of  the  powder  on  the  sore  twice  a 
day,  and  afterwards  covering  it  with  a  small  piece  of  cotton  avooI,  either 
simple  or  impregnated  with  iodoform.  At  each  dressing  the  sore  must  be 
carefully  Avashed  with  tepid  water.  The  only  objection  to  this  treatment  is 
the  powerful  smell  of  the  drug.  If  the  pure  iodoform  is  used,  it  is  better  to 
apply  it  before  dressing  in  the  morning  and  after  nndressing  at  night,  to  avoid 
any  chance  of  its  falling  upon  the  clothes,  Berkeley  Hill  recommends  the  use 
of  "iodo-carbon  paste,"  composed  of  iodoform  in  fine  powder,  5j  ;  wood 
charcoal,  5ij  ;  glycerine  of  starch,  5ij  ;  glycerine,  5j  ;  oil  of  lavender,  wxx  ; 
or  a  solution  of  iodoform  in  eucalyptus  oil  :  iodoform,  5iss  :  oil  of  eucalyptus, 
5j  :  olive  oil,  Bv.  By  both  these  preparations  the  smell  is  very  cffi('icntlv 
concealed,  but  if  the  odour  is  not  a  very  great  o])jection,  there  is  nothing  so 
efficient  as  the  pure  crystals. 

Should  the  iodoform  not  be  at  hand,  or  the  objection  to  its  use  be  very 
great,  the  specific  sore  may  be  destroyed  by  caustics.  The  complete  destruc- 
tion of  the  local  virus  should  always,  if  possible,  be  effected  ;  and  if  this  can 
be  done  in  the  early  stage  of  the  disease,  the  healing  of  the  sore  will  be  much 
expedited.  But.  even  though  consideraljle  time  have  passed  before  the  Surgeon 
sees  the  sore,  it  is  well  to  destroy  the  ulcerating  and  poisonous  surface,  "that 
its  further  extension  may  be  prevented.    This  should  be  effected  by  the  iipiili- 
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ctitiou  of  caustics  in  a  sufficiently  coucentratod  forni  to  destroy  radically  and 
at  once  the  specific  character  of  the  sore,  so  as  not  only  to  save  the  pain,  but 
to  prevent  the  irritation  attendant  upon  frequent  applications.  The  nitrate 
of  silver,  Avhich  is  often  used  for  this  purpose,  is  too  Aveak  to  secure  the 
effect  it  is  intended  to  accomplish,  being-  apt  to  irritate,  and  not  to  destroy 
the  chancrous  surface,  thus  necessitating  repeated  and  painful  ap[)licatiojis.  I 
consequently  prefer  to  this  the  strong  nitric  acid,  one  application  of  which  will 
very  commonly  suffice  to  annihilate  the  specific  character  of  the  sore  :  though 
more  energetic  in  action,  it  does  not  give  rise  to  more  pain  than  the  nitrate  of 
silver.  It  should  be  applied  by  means  of  a  piece  of  wool,  or  a  glass  rod  ;  with 
this  the  sore  may  be  freely  rubbed,  and  then,  a  stream  of  cold  Avater  having  been 
poured  over  it  to  wash  away  any  suj)erfluous  acid,  a  wet  dressing  should  be 
laid  on  ;  after  the  small  slough  produced  by  the  caustic  has  separated,  a 
healthy  granulating  surface  will  be  left.  The  caustic  may  be  appHed  at  any 
time  during  the  continuance  of  the  specific  condition  of  the  soi'e  ;  but  when 
once  this  has  been  destroyed,  it  should  not  be  re-aiiplied.  The  patient  should 
be  kept  as  much  at  rest  as  possible  if  the  sore  be  of  any  size,  and  he  should  when 
moving  about  have  the  penis  supported  against  the  lower  part  of  the  abdomen 
by  means  of  a  handkerchief. 

After  a  chancre  has  been  cauterized,  as  soon  as  the  slough  separates,  the 
surface  may  begin  to  granulate  healthily  at  once,  requiring  but  simple 
dressings  ;  but  in  many  cases  it  will  continue  in  a  somewhat  unhealthy  con- 
dition, demanding  special  topical  applications  to  cause  it  to  cicatrize  soundly. 
If  it  be  weak  and  fungating,  an  astringent  lotion,  such  as  the  following,  will 
be  found  most  useful.  ^  Tannin,  gTa.  xx  ;  Tinct.  lavandute  comp.  5ij  ; 
Yini  rubri,  5iv.  Ft.  lotio.  Or  a  solution  of  sul})hate  of  copper  may  be 
applied,  and  the  sore  touched  from  time  to  time  with  nitrate  of  silver. 

In  using  lotions  to  any  form  of  chancre,  care  should  always  be  taken  to  keep 
a  piece  of  lint  soaked  in  the  fluid  constantly  applied  between  the  prepuce  and 
the  glans,  and,  in  women,  betAveen  the  opposite  labia  ;  for,  unless  this  be  done, 
the  contact  of  the  diseased  and  inflamed  mucous  surfaces  with  one  another  Avill 
tend  to  keep  up  the  irritation  and  ulceration. 

These  arc  the  means  that  are  generally  most  useful  in  Hlmiih  Cliancrps.  In 
some  cases,  however,  inflammation  of  the  sore,  or  peculiarities  in  its  situation, 
demand  modifications  of  the  treatment. 

If  there  be  much  inflammation  about  the  sore  and  prepuce,  this  nmst  first 
be  subdued  by  the  application  of  wet  dressing,  or  of  lead  and  spirit  lotion. 
When  this  is  removed,  if  the  sore  have  not  lost  its  specific  character,  the 
caustic  should  be  applied  in  the  usual  way. 

Should  there  be  phimosis  with  discharge  of  ,pus  from  under  the  tightened 
prepuce,  this  must  be  slit  up,  so  as  to  expose  the  subjacent  chancres.  It  is 
better  at  the  same  time  to  complete  the  operation  of  circumcision  by  removing 
the  foreskin  with  the  knife  or  scissors  after  it  has  been  slit  up  along  its  dorsal 
aspect.  Otherwise  when  it  heals  an  iiiconvenient  pendulous  flap  of  skin  will 
be  left,  requiring  subsequent  removal.  In  order  to  avoid  infection  of  the  raAV 
surface  from  the  chancre,  the  operation  should  be  thus  performed.  The  fore- 
skin is  fii-st  slit  up  and  the  chancres  exposed  ;  the  surface  of  the  glans  and 
the  prepuce  are  then  thoroughly  cleaned  with  carbolic  lotion  (1  in  20),  and 
the  sores  wiped  out  with  chloride  of  zinc  solution  (40  grs.  to  5)).  The  surface 
of  the  sore  may  be  rubbed  forcibly  with  a  dossil  of  lint  soaked  in  this  solution, 
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to  remove  any  adherent  slonoh.  Everytliint^-  being  thus  tlioroughly  cleaned 
the  operation  of  circumcision  maybe  completed  ;  after  ligatm-ing  any  bleeding 
vessels,  the  parts  must  be  thoroughly  sprinkled  with  iodoform  and  wrapped  in 
iodoform  wool.  By  these  means  infection  of  the  wound  can  generally  be 
avoided.  There  should  be  no  delay  in  performing  the  o]icration.  When  pus 
comes  from  nndgr  a  Icmg  foreskin  and  its  source  cannot  be  seen,  the  patient 
should  always  be  advised  to  submit  to  circumcision,  unless  there  is  some  very 
marked  improvement,  following  the  application  of  fomentations  and  the 
injection  of  antiseptic  solutions,  by  the  third  day  at  latest.  If  the  pus  is 
offensive  the  operation  should  be  performed  at  once,  as  it  probably  arises  from 
a  sloughing  chancre. 

If  the  chancres  be  situated  round  the  orifice  of  an  elongated  and  tight 
prepuce,  circumcision  is  the  best  means  of  removing  the  disease  and  the  in- 
convenience at  the  same  time.  The  precautions  just  described  must  l_)e 
adopted  to  preA'ent  infection  of  the  cut  surface. 

In  the  Sloughing  Chancre,  when  the  prepuce  is  greatly  tumefied,  in  a  state 
of  inflammatory  phimosis,  and  of  a  deep  red  or  purplish  colour,  with  threaten- 
ing of  extensive  gangrene,  a  director  should  be  passed  between  it  and  the 
glans  penis,  and  the  swollen  prepuce  slit  up.    In  this  way  tension  is  removed, 
and  the  sloughing  ari-ested.    The  chancre  when  exposed  will  be  found  to  1)0 
covered  with  a  pulpy  grey  tenacious  slough.    This  is  best  removed  by  forcibly 
rubbing  the  surface  with  a  piece  of  sponge  or  lint  soaked  in  a  solution  of  chloride 
of  zinc  (gr.  40  to  5j),  after  which  iodoform  must  be  applied.    The  application 
of  nitric  acid  is  seldom  necessary.    If  the  state  of  the  ]3arts  is  such  as  to 
admit  of  it,  the  operation  of  circumcision  maybe  at  once  completed.    If  there 
be  much  sloughing  of  the  prepuce  it  is  better  to  delay  the  completion  of  the 
opca'ation  till  the  sloughs  have  separated,  when  perhaps  it  may  be  found 
unnecessary.    During  the  separation  of  the  sloughs  the  penis  should  be 
Avrapped  in  lint  soaked  in  some  warm  antise]")tic  solution,  as  l)oracic  acid  or  per- 
manganate of  potash.    The  patient  should  sit  in  a  hot  hip-bath,  to  wdiich 
some  solution  of  permanganate  of  potash  (Condy's  fluid)  may  be  added,  for 
half  an  hour  or  more  twice  a  day,    A  little  hasmorrhage  need  cause  no 
anxiety,  and  is  usually  early  arrested  by  dry  cotton  wool  and  pressure,  but  if 
it  occur  to  an  alarming  extent,  the  patient  should  be  put  under  chloroform, 
and  the  actual  cauteiy  freely  applied.    This  not  only  stops  the  bleeding,  but 
arrests  the  progress  of  the  sloughing.    When  once  the  chancre  is  healthil}- 
granulating,  it  must  be  dressed  in  the  same  way  as  any  common  ulcer. 

The  local  ti-eatment  of  the  Phagedcenic  Chancre  depends  on  the  form  it 
assumes.    If  it  be  the  eroding  ulcer  without  slough,  iodoform  \ri[\  often  arrest 
it,  but  its  action  is  by  no  means  certain.    If  it  fails  bichloride  of  mercury 
(gi'-  ij  to  %]),  diluted  if  it  is  too  painful,  is  often  of  great  service.  Should 
this  fail  the  strong  nitric  acid  may  be  applied,  after  which  it  may  be  dressed  with 
n  dilute  nitric  acid  and  opium  lotion.    If  the  phagedfcnic  process  be  spreadino- 
rapidly  with  a  white  or  black  slough,  the  sore  must  be  treated  like  hospitid 
gangrene.    The  slough  must  be  scraped  away,  and  fuming  nitric  acid,  or  in 
bad  cases  tlie  actual  cautery,  applied  freely,  after  which  iodoform  and  boracic 
acid  fomentations,  or  lint  soaked  in  the  nitric  acid  and  opium  lotion  may  be 
used,  the  caustic  being  applied  again  whenever  there  is  any  tendency  to 
extension  of  the  disease.    In  obstinate  cases  of  phagedgenic  chancre  Hcbra  in 
Germany  and  Hutchinson  in  this  country  have  recommended^  that  the  patient 
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sliould  be  immersed  for  ten  hours  daily  in  a  batli  of  hot  water,  maintained 
constantly  at  a  temperature  of  '.)8°  F.  The  bath  nuist  be  repeated  daily  till 
healing  is  distinctly  taking  placc*^ 

Constitutional  Treatment.— The  Simple,  Soft,  or  Excoriated  sore  re- 
quires no  c(>ustitutioiialtreatincntbeyondattcnti()ut()  the  ordinary  rules  of  health. 

In  the  Sloughing  Chancre  it  frequently  happens  that  the  mischief  is 
entirely  due  to  local  causes,  such  as  the  accumulation  of  discharge  under  a 
long  foreskin.  In  these  cases  the  constitutional  disturbance,  Avhich  may  be 
severe,  will  subside  as  soon  as  the  local  condition  is  relieA  cd.  In  other  cases 
the  sloughing"  is  due  partly  to  local  causes  and  }mrtly  to  a  depressed  state  of 
health.  In  these  annnonia  and  bark,  good  nourishment  and  abundant  stimu- 
lants will  be  required.  Opium  may  be  necessary  to  relicA-e  pain  and  irritability, 
find  eventually  the  patient's  strength  may  be  supported  b\-  iron  and  quinine. 
In  a  sloughing  chancre  mercury  is  never  reijuired. 

In  the  constitutional  treatment  of  Fhagedaenic  Chancre  it  must  l)e  borne 
in  mind  that  the  patient  is  usually  in  a  del)ilitated  condition  before  the 
invasion  of  the  disease  ;  consequently  tonics,  such  as  bark  or  iron,  with  good 
food  and  stinmlants,  are  frequently  required,  together  with  opiates  to  allay 
pain  and  procure  rest.  The  preparations  of  iron,  especially  the  ammonio- 
citrate  and  the  tartrate,  either  alone  or  in  combination  sarsaparilla,  are 
especially  useful  in  these  cases.  It  has  before  been  stated  that  phagedeenic 
nlceration  may  start  from  a  true  syphilitic  sore  or  occur  in  a  patient  suffering 
from  constitutional  syphilis.  Mercury  is,  however,  often  inadmissible,  and  if 
given  indiscriminately  may  do  much  harm  in  many  cases  by  further  debilitat- 
ing the  patient.  On  the  other  hand  some  sores  which  have  resisted  treatment 
for  a  long  time  may  rapidly  improve  if  mercury  be  carefully  administered  in 
small  doses.  Wallace  stated  that  its  beneficial  effects  were  most  marked  in 
those  cases  which  ai'e  chai-acterized  by  the  presence  of  a  white  slough.  It  is 
best  given  as  the  pcrchloride,  in  doses  of  -^^  to  yV  of  a  grain  with  tincture 
and  decoction  of  cinchona.  It  is  in  these  cases  also  that  the  local  application 
of  perchloride,  in  the  strength  of  from  one  to  two  grains  to  the  ounce  of  water, 
is  so  frequently  useful. 

Consecutive  Symptoms  of  the  Local  Contagious  Ulcer.— Chancres 
lire  not  unfrequently  followed  by  a  series  of  affections  which  may  be  termed 
consecutive,  depending  as  they  do  upon  the  primary  disease,  but  being  local  in 
their  character,  and  presenting  no  evidence  of  constitutional  infection.  These 
consecutive  symptoms  are  three  in  number  :  viz..  Contraction  of  the  Cicatrix 
of  the  Chancre,  Bubo,  and  "Warts. 

Contracted  Cicatrices. — ]\fost  excoriated  chancres  are  healed  without  any 
marked  cicatrix  being  left ;  but,  in  the  phagedenic  and  the  sloughing 
chancres,  there  is  always  loss  of  substance,  often  to  a  considerable  extent,  and 
conse(iuently  a  depressed  scar.  If  the  nlceration  happens  to  have  invoh'ed 
the  orifice  of  the  urethra  a  very  intractal)le  stricture  may  result,  which  may 
subsequently  necessitate  division  of  the  scar  for  its  relief.  The  situations  of 
all  venereal  ulcers  should  be  Avatched  for  some  time,  however  readily  the  sore 
may  have  healed  ;  for  the  A'irus  of  syphilis  may  haAC  been  introduced  with 
that  of  the  simple  chancre,  and  if  this  have  happened  induration  will  commence 
at  the  point  of  contagion,  when  the  time  of  incubation  or  inactivity  of  the 
\  irus  has  elapsed.  Thus  a  month  or  six  weeks  should  pass  away  after  the  sus- 
picious connection,  before  the  Surgeon  pronounces  the  patient  safe  from  syphilis. 
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Bubo.— By  bubo  is  meant  au  inflammatory  enlargement,  frequently  termi- 
nating in  suppuration  of  the  lymphatic  glands  which  receive  the  lymph-stream 
from  the  inoculated  surface.    A  bubo,  though  generally  produced  in  the  groin 
by  absorption  of  irritating  matter  from  chancres  on  the  penis,  may  occur  else- 
where ;  as  for  instance,  in  the  axilla,  in  cases  of  cliancre  on  the  finger  ;  in  the 
submaxillary  region,  if  the  disease  occur  on  the  lip.    The  enlargements  of 
the  inguinal  or  other  lymphatic  glands  that  occur  in  cases  of  venereal  chancre, 
may  be  either  simple  or  specific.    In  the  former  the  irritating  material  may 
lie  derived  from  concomitant  inflammation  about  the  sore,  as  when  balanitis 
or  phimosis  is  present,  without  the  specific  virus  of  the  soft  clianci-e  reaching 
the  gland.    In  scrofulous  subjects  this  readily  takes  place.    In  these  cases 
the  l)ubo  is  termed  sipnpallicfic,  and  the  affection  must  be  considered  as  simple 
inflanmiation.    It  may  speedily  subside  without  the  formation  of  pus,  but 
should  suppuration  take  place  the  i)us  possesses  no  specific  properties,  and 
is  not  inoculable.    It  constitutes  in  fact  a  simple  glandular  abscess  and 
presents  nothing  in  any  way  peculiar.    Indeed,  in  a  very  large  proportion  of 
cases  of  simple  chancre  there  is  some  slight  enlargement  and  tenderness  of  the 
glands  above  Poupart's  ligament,  accompanied  by  some  degree  of  stiffness  and 
dragging  pain.    The  liability  to  irritation  and  inflammation  of  the  glands 
in  the  groin  is  greatly  increased  by  the  patient  walking  a]K)ut  or  otherwise 
exerting  himself    But  I  do  not  tliink  that  causes  such  as  these  influence  the 
occurrence  of  the  other  and  more  troul)lesome  aflPecDion  of  the  lymphatic 
glands,  namely  the  vindent  huho,  which  appears  to  originate  from  direct 
absorption  of  the  specific  poison  of  the  chancre  ;  so  that  we  may  consider 
with  Piicord  that  a  virulent  bubo  is,  properly  speaking,  a  chancre  of  a 
lymphatic  gland,  differing  only  in  seat  from  that  wliich  is  situated  on 
the  surface  of  the  body.    Ricord  has  observed,  and  I  have  often  had  an 
opportunity  of  testing  the  correctness  of  this  observation,  that  the  pus 
pL?J*!H!^^^'^^^*'  ^^^^"^  '■'^       readily  inoculable  as  that  of  _aii__ordinaTy  chancre. 
This  kind  of  bulio,  then,  may  be  considered  as  a  .s/vnii^abscess,  at  first  limited 
to  the  gland,  but  subsequently  infecting  the  surrounding  tissues.    Pucord  also 
pointed  out  that  in  some  cases  su]^puratif)n  takes  place  rouiul  the  affected 
gland  without  infection  of  the  tissues  with  the  specific  pus.    Thus  if  a  virulent 
bubo  be  carefully  opened  a  cavity  is  sometimes  exposed  in  which  the  gland 
can  be  seen  partially  separated  by  pus  from  the  surrounding  tissues.  Inocula- 
tions made  with  the  pus  surrounding  the  gland  may  1ail,"but  if  the  incision 
be  carried  further  into  the  gland  itself  a  second  cavity  is  found  containing- 
inoculable  pus.    If  this  condition  be  met  with,  infection  may  be  prevented  by 
scooping  the  gland  out  entire  without  opening  into  it.    When  once  a  gland 
has  become  virulently  infected,  it  is  probable  that  no  treatment  can  prevent 
suppuration. 

Usually  only  one  or  two  glands  suppurate,  altliough  several  maybe  enlarged  ,- 
and  very  commonly  the  disease  is  confined  to  one  groin  only,  though  both 
may  be  affected,  more  particularly  if  the  chancre  be  situated  on  tlie  fi-feuum. 

_  In  the  early  stages  it  is  impossible  to  distinguish  a  sympathetic  from*  a 
virulent  bubo.  The  glands  become  swollen  and  tender  ;  at  first  they  arc  not 
adherent  to  the  skin,  and  their  form  and  outline  can  be  clearly  recognized. 
As  soon  as  the  inflammation  extends  to  the  tissue  outside  the  capsule,  the 
glands  become  lost  in  the  surrounding  inflannnatory  exudation.  The  swellino- 
is  at  first  brawny  and  hard,  but  it  soon  becomes  softer  and  boggy,  after  which 
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distinct  fluctuatiou  becomes  perceptible.  The  skin,  ufc  first  red,  becomes 
dusky  and  purple,  and  if  the  case  be  left  to  nature,  it  is  frequently  extensively 
imdermincd  before  the  bubo  bursts.  If  the  bubo  be  simple,  the  cavity 
presents  nothing  differing  from  that  of  an  ordinary  abscess.  If  it  be  virulent 
its  walls  are  ragged,  sloughy-looking  and  unhealthy,  and  instead  of  healing 
the  sore  may  spread,  with  all  the  characteristics  of  a  chancre. 

Bubo  most  commonly  occurs  during  the  second  or  third  week  after  the  first 
appearance  of  the  chancre,  but  may  happen  at  an  earlier  or  at  a  later  period, 
even  after  the  chancre  itself  has  healed. 

A  rare  form  of  bubo  is  that  which  forms  within  the  abdomen  in  the 
lymphatic  glands  in  this  situation.  It  is  a  very  dangerous  variety,  and  may 
pro\  e  fatal  by  rupture  into  the  peritoneum  and  consequent  peritonitis. 

Primanj  liuho. — The  French  Surgeons  have  described  a  form  of  bubo  that 
they  call  bnhon  iVemhlee  ov  2Jriimri/  bubo  ;  this  is  said  to  occur  fi-om  the  direct 
jibsorption  of  the  specific  poison,  without  the  previous  formation  of  a  chancre. 

Only  one  case  apparently  of  this  kind  has  fallen  under  my  observation. 
Until  that  occurred,  I  doubted  its  existence  ;  and  I  am  not  yet  fully  con- 
vinced that  this  suggested  mode  of  origin  is  the  true  one.  In  the  case 
referred  to,  a  young  man  apjdied  to  me  with  a  rather  large  abscess  in  the 
groin,  for  which  I  sent  him  into  the  Hospital.  On  being  questioned,  he 
denied  ex'cr  having  had  any  venereal  disease,  though  he  admitted  haAing 
had  intercourse  with  a  woman  of  the  town.  On  examining  the  penis,  no 
chancre,  abrasion,  or  cicatrix  could  .be  discerned.  The  abscess  was  opened, 
and  two  ounces  of  rather  bloody  and  very  thick  pus  were  let  out  ;  no 
enlarged  glands  could  be  seen.  For  the  sake  of  experiment  the  pus  was 
inoculated  into  the  left  thigh,  and  two  distinct  and  well-marked  pustules 
Avere  produced.  That  such  an  etiect  can  be  obtained  by  matter  of  A^ery 
irritating  character  without  any  venereal  origin,  is  shown  by  the  experi- 
ments of  several  Surgeons  who  have  succeeded  in  iiu)culating  matter  from 
itch  and  ecthymatous  pustules  ;  hence  it  must  not  be  concluded  in  this 
case  that  the  bubo  was  consequent  on  the  direct  absorption  of  venereal  matter 
along  the  lymphatics.  In  fact,  the  proof  of  the  existence  of  this  form  of 
bubo  is  far  from  satisfactory.  It  frequently  hap])ens  that  small  excoriated 
chancres  heal  in  a  few  days,  before  which  time,  however,  the  inguinal  glands 
liave  become  irritated  and  enlarged :  and,  as  the  enlargement  of  the  glands 
goes  oji  after  the  healing  of  the  chancre,  a  bubo  may  be  formed  Avhen  all  trace 
of  its  ])rimary  source  has  entirely  disappeared. 

Cyeqiiiin  Bubo. — In  some  cases  a  virulent  bubo,  as  has  been  well  shown  b}' 
Solly,  assumes  a  tendency  to  creep  or  spread  over  the  neighbouring  integument, 
extending  in  this  way  to  a  considerable  distance  down  the  thigh,  upon  the 
abdomen,  or  over  the  ilium.  This  creeping  bubo  is  characterized  by  the  peculiar 
semicirculaiLPr  horse-shoe  shape  that  the  sore  assumes,  and  by  its  tendency  to 
cicatrize  by  one  margin,  whilst  it  slowly  extends  by  the  other  ;  the  cicatrix 
always  being  thin,  blue,  and  weak,  closely  resembling  that  of  a  burn. 

After  a  bubo  has  disappeared,  a  good  deal  of  induration  may  be  left  in  the 
glands  of  the  groin,  perhaps  with  matting  together  of  the  surrounding  areolar 
tissue  ;  and  this  induration  may  continue  for  years,  or  even  for  the  remainder 
of  life. 

The  Tjycdmmt  of  bubo  consists,  in  the  first  instance,  in  endeavouring  to 
prevent  the  occurrence  of  suppuration  ;  and  should  pus  form,  in  letting  it  out. 
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The  Prevcniivc  Trcaimcnt  of  bubo  is  of  considera])lc  moment.  It  consists 
essentially  in  perfect  rest  of  the  part,  and  the  application  of  leeches  and  of 
cold  lead  lotions.  In  reference  to  the  application  of  leeches,  there  is  a 
l)ractical  point  of  considerable  importance  that  reciuires  attention — viz.,  that 
the  leech-bites  may  become  infected  by  the  chancrous  pus,  and  tiius  converted 
into  a  number  of  new  chancres.  This  accident  is  best  guarded  ag:u"nst  l)j 
covering  tiie  bites  ^vith  collodion  and  i)laster. 

If  there  be  much  pain,  and  if  the  skin  be  already  reddened,  hot  fomenta- 
tions, and  the  application  of  an  ointment  composed  of  equal  parts  of  Extract 
of  Belladonna  and  Glycerine,  will  offer  the  best  chance  of  arresting  the 
progress  of  the  inflannnation. 

If  the  bubo  be  indolent,  with  but  little  tendency  to  suppuration,  the  appli- 
cation of  blisters  or  tincture  of  Iodine  may  be  of  service.  B.  Hill  states  that- 
steady  pressure  by  means  of  a  pad  of  cotton-wool  and  an  elastic  bandage  may 
sometimes  produce  absorption.  The  ajjph'cation  of  lint  soaked  in  a  lead 
lotion  containing  about  two  drachms  of  the  solution  of  the  subacetate  and 
one  ounce  of  spirit  to  half  a  pint  of  water  has  l)een  said  to  fa^■our  resolution. 

If  notwithstanding  our  endeavours  to  jorevent  suppuration,  matter  form 
witliin  or  nround  the  gland,  as  eA'iuced  by  the  SAvelling  becoming  soft,  boggy, 
and  inflamed,  a  free  opening  should  be  made.  This  should,  as  a  rule,  be 
parallel  to  Poupart's  ligament,  but  if  a  vertical  incision  would  lay  the  ca^'ity 
open  more  perfectly,  there  is  no  objection  to  adopting  it.  The  incision 
should  be  made  early,  before  the  surrounding  skin  has  been  imdermincd  and 
thinned.  If  this  should  have  happened  it  may  be  necessary  to  destroy  the 
thinned  skin  with  potassa  fusa,  or  to  cut  it  away  with  scissors,  before  healing 
will  take  place. 

After  the  bubo  has  been  opened  it  should  be  dressed  fi'om  th.c  bottom, 
either  with  salicylic  or  iodoform-wool  or  lint  sonked  in  carbolic  oil  (1  in  10), 
or  terebene  and  oil  or  some  such  simple  application. 

If  the  cavity  presents  a  chancrous  appearance,  being  irregular  and  slorighy, 
with  elevated  and  angry  red  edges,  it  should  be  treated  by  the  free  a])])licatiou 
of  iodoform  in  the  same  way  as  for  the  original  sore.  If  on  opening  the 
bubo  a  gland  can  be  seen  projecting  into  the  cavity,  attached  t)nly  by  one 
side  to  the  Avail  of  the  abscess,  this  is  best  scooped  out  either  with  the  thnmb- 
]iail  or  the  handle  of  the  scalpel,  otherwise  it  is  apt  to  keep  up  the  suppuration 
and  delay  heahng. 

Sometimes,  even  after  the  bubo  has  been  opened,  the  pus  nuiy  burrow  in 
various  directions.  Such  cases  are  best  trented  by  laying  open  the  sinuses 
freely  to  the  very  end  with  a  probe-pointed  bistoury. 

Zeissl  recommends  opening  the  bubo  by  means  of  a  number  of  small 
punctures  made  with  a  tenotomy  knife,  after  which  lint  soaked  in  lead  lotion 
(Liquor  Plumb.  Subiu-etatis,  5  ss.,  Rectified  Spirit,  5  j,  water,  to  O  j),  may 
be  kept  constantly  applied.  By  this  means,  he  says,  that  scarring  can  often 
be  avoided. 

Should  sloughing  or  phagedenic  ulceration  commence  in  an  open  bubo, 
extensive  destruction  of  tissue  imiy  ensue,  and  even  fatal  haimorrhage  froni 
the  femoral  artery  has  been  known  to  occur.  The  sore,  must  be  trciited  in 
the  same  way  as  the  sloughing  or  i)hageda3nic  chancre. 

^  The  apjilication  of  nitric  acid  is  occasionally  necessary,  If  there  be  anv 
signs  of  syphilis  the  cautious  administration  of  mercury  may  be  required. 
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During  the  treatment  of  a  suppurating  bubo  the  patient  should,  if  possible, 
be  kept  at  rest  till  the  sore  is  superficial ;  movement  greatly  delays  healing. 

Venereal  Warts. — AVarts  occur  frequently  round  or  on  the  scar  of  a 
chaucre,  independently  of  any  constitutional  a,ttl>ction,  but  merely  from  simple 
continued  irritation  of  tlie  muco-cutaneous  surfaces.  They  differ  in  no  respect 
fi'om  those  Avhich  frequently  follow  gonorrhoea.  They  connnonly  occur  on  the 
prepuce  or  glans,  and  are  especially  apt  to  be  situated  in  the  angle  betweeiL 
these  parts  ;  they  are  of  a  red  colour,  very  vascular,  and,  if  left  without  inter- 
ference, may  increase  immensely  in  size  and  number,  distending  the  ]H-epuce, 
and  giA  ing  a  clubbed  appearance  to  the  penis  :  there  is  then  always  phimosis, 
and  the  tension  of  the  prepuce  may  be  such,  that  ulceration  occasionally 
takes  place  in  it,  allowing  a  protrusion  of  these  growths  through  an 
apertnre  in  its  side.  These  warts  are  occasionally  met  with  on  the  labia, 
forming  large,  irregular,  cauliflower-looking  masses.  The  Troatmcnt  consists, 
tirst  in  laying  open  the  prepuce  unless  the  warts  are  so  small  that  the  glans 
can  be  readily  exposed  by  di'awing  the  foreskin  back.  The  warts  may  then 
be  pared  off  with  scissors,  and  the  part  fi-om  which  they  grow  touched  with 
nitrate  of  sih-er.  Even  after  this  they  are  very  apt  to  recur,  especially  under 
a  long,  moist  foreskin.  In  such  a  case  careful  attention  to  cleanliness  and 
the  application  of  an  ointment  composed  of  vaseline,  with  about  one  tenth 
part  of  extract  of  belladonna  added  to  it,  will  usually  cure  the  tendency 
to  recnrrence.  In  women,  warts  mnst  be  treated  in  the  same  way  :  but  if  they 
are  of  great  size,  Paquelin's  cautery  should  be  used  in  remo^'ing  them  to 
avoid  loss  of  blood. 

II.— SYPHILIS. 

Syphilis  is  a  specific  disease,  or  general  infective  process,  resulting  from 
the  inoculation  of  a  specific  virus,  which  multiplies  in  the  system  till  the 
Avhole  body  is  infected.  It  is  communicated  by  the  direct  contact  of  the  blood, 
secretions,  or  discharges  of  a  person  suffering  from  syphilis  ^^■ith  an  abraded 
surface  of  a  healthy  individual,  and  under  certain  circumstances  it  is  also 
transmitted  from  syphilitic  parents  to  their  offspring.  It  is  therefore  con- 
tagious, but  not  infectious. 

The  exact  nature  of  the  virus  is  not  known.  Klebs,  Birch-Hirschfeld,  and 
some  others,  ha^'e  described  a  special  microscoj^ic  organism  of  an  oval  form,  or 
nearly  approaching  a  short  rod  in  shape,  which  they  belie^■e  to  be  in  some  way 
connected  with  syphilis.  Birch-Hirschfeld  observed  it  in  gummata,  and  in  a 
fiat  condyloma,  but  failed  to  detect  it  in  the  l)lood  of  a  patient  suffering  from 
active  syphilis.  More  evidence  is  required  before  any  conclusions  for  or  against 
the  fungoid  origin  of  syphilis  can  be  drawn  from  these  observations. 

Svphilis  is  divided  into  acquired  and  hereditav]/  or  comjpuital^  and  there  is 
sufficient  difference  between  these  two  forms  to  justify  their  being  descril)ed 
separately. 

Syphilis  runs  a  course  tolerably  definite  in  its  main  phenomena,  but  A'ary- 
ing  in  duration  and  detail.  It  is  divided  into  A-arious  stages,  which,  although 
perhaps  not  capa])le  in  all  cases  of  being  sharply  sc])arated  from  each  other,  arc 
sufficiently  distinct  to  be  used  as  a  means  of  classifying  the  manifestations  of 
the  disease. 

The  prst  stage  is  the  period  of  incubation,  extending  from  the  inoculation 
to  the  appearance  of  the  local  signs  of  the  disease  at  the  seat  of  infection. 
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Tlic  second,  or  Primary  Stage,  includes  the  appearance  of  the  characteristic 
initial  manifestation,  the  indurated  sore,  accompanied  by  indolent  enlargement 
of  the  nearest  group  of  lymphatic  glands. 

The  ih'ml  includes  the  period  during  which  the  so-called  Secondary- 
Symptoms  make  their  a])iK'arauce.  These  consist  of  more  or  less  synnnetrical 
eruptions  ou  the  skin  and  nmcous  membranes,  ulceration  of  the  tonsils,  condy- 
lomata, periostitis,  iritis,  loss  of  hair,  &c. 

The  fourih  stage,  or  Tertiary  Syphilis,  includes  the  more  remote  effects 
of  the  disease,  such  as  the  formation  of  gummata,  dee}»  unsymmetrical  ulcera- 
tion of  the  skin  or  mucous  membranes,  and  various  deep-seated  visceral  aflec- 
tions.  Only  a  comparatively  small  proportion  of  those  infected  suffer  from 
tertiary  symptoms. 

Between  the  secondary  and  tertiary  stages  an  interval  of  perfect  health  may 
iuter\'ene,  perhaps  interrupted  by  occasional  relapses  of  the  secondary  symp- 
toms.   Duriug  the  intervals  of  health,  the  syjihilis  is  said  to  be  "  latent 

The  duration  of  these  various  stages  is  uncertain.  According  to 
Berkeley  Hill,  the  period  of  incubation  in  thirty-seven  trustworthy  cases  of 
experimental  inoculation  collected  from  various  sources,  varied  from  ten  to 
forty-six  days,  the  average  being  twenty-four.  The  most  common  periods 
were  twenty-five  and  twenty-eight  days.  The  duration  of  the  primary  symp- 
toms depends  very  much  on  treatment,  but  it  seldom  extends  beyond  a  month 
or  six  weeks.  The  secondary  symptoms  commence  from  two  to  three  months 
after  inoculation,  and  last  from  a  few  weeks  to  a  year.  The  period  of  develop- 
ment, and  the  duration  of  the  tertiary  symptoms,  are  too  indefinite]to  be  stated 
with  any  approach  to  accuracy.  Symptoms  classed  as  tertiary  may  appear 
immediately  after  the  secondary  signs,  or  may  prove  fiital  after  many  years  of 
apparent  health. 

One  attack  of  syphilis  confers  upon  the  patient,  as  a  rule,  an  immunity  for 
the  future  from  the  primary  or  secondary  forms  of  the  disease.  Secoud  attacks 
are,  however,  not  unknown,  but  they  arc  not  more  frequent  than  in  small-pox 
or  measles.  When  the  patient  has  the  misfortune  to  suffer  a  second  time,  the 
symptoms  are  never  so  severe  as  in  the  first  attack. 

From  a  consideration  of  the  course  of  the  disease  as  above  described,  with  its 
periods  of  incubation,  and  of  invasion,  its  sequela?,  and  the  immunity  it  confers 
fi'om  a  second  attack,  Jonathan  Hutchinson  long  ago  pointed  out  its  analogy 
to  the  specific  fevers.  He  regarded  the  disease  as  a  specific  fcver  of  a  very 
chronic  nature  and  irregular  course.  As  at  the  present  time  the  acute  specific 
diseases  and  syphilis  are  equally  included  in  the  group  of  general  infective 
processes,  Hutchinson's  views  may  be  said  to  be  generally  accepted. 

Origin  of  Syphilis.— It  would  be  altogether  foreign  to  the  scope  of  this 
work  were  I  to  enter  into  the  very  curious  and  interesting  question  as  to  the 
origin  of  st/jj/ulis,  a  subject  that  admits  of  much  dispute,  and  which  has  been 
keenly  argued.  After  an  attentive  examination  of  it,  I  think  there  can  be 
little  doubt  that  syphilis  was  either  introduced  into  Europe,  or  originated 
there  de  novo,  towards  the  end  of  the  fifteenth  century.  There  is  no  mention 
made  by  the  medical  writers,  historians,  or  poets  of  antiquity  of  any  contagious 
disease  arising  from  sexual  intercourse  affecting  the  genital  organs,  and  followed 
by  constitutional  symptoms.  The  disease,  when  it  first  attracted  public 
attention,  at  the  close  of  the  fifteenth  century,  was  looked  upon  as  a  pre- 
viously unknown  affection.    It  was  supposed  to  be  infectious  as  well  as 
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contagious,  and  its  treatment  was  not  understood.  This  would  scarcely  have 
been  the  case  had  it  been  previously  known  by  personal  observation,  or  even 
by  tradition,  to  those  then  livinf^-.  If  it  had  previously  existed  in  the  old 
world  in  a  mild  or  modified  form,  different  from  what  we  now  observe,  it  is 
certain  that  about  this  time  it  suddeuly  assumed  greater  intensity,  all  its 
symptoms  being  aggravated  in  a  remarkable  and  fearful  manner,  presenting 
characters  which  had  not  been  previously  alluded  to,  but  which  have  often 
been  reproduced  in  modern  times  ;  as,  for  instance,  in  those  severe  forms  that 
were  observed  in  the  British  armies  during  the  Peninsular  war,  and,  according 
to  Larrey,  among  the  French  troops  during  Xapolcon's  German  campaigns, 

CoNTA(;ioN  OF  Syphilis. — SyphiUs  is  communicable,  1st,  by  the  direct 
inoculation  of  any  fluid  containing  the  specific  virus  ;  and  2nd,  from  parents 
to  their  ofi'spring. 

1.  Direct  Inoculation. — In  discussing  this  question,  it  is  necessary  to 
consider  first  wliat  fluids  or  secretions  of  a  syphilitic  subject  contain  the  virus, 
and  secondly,  the  \'ariuus  ways  in  which  the  virus  may  be  communicated  from 
one  individual  to  another. - 

That  the  discharge  from  the  primary  sore,  whether  it  be  thick  and  purulent 
or  simply  serous,  is  inoculable,  is  too  well  known  to  require  further  notice. 

The  contagiousness  of  the  discharges  fi'om  secondary  syphilitic  sores  has 
also  been  demonstrated  by  numerous  experiments.  The  tliin  secretion  fi'om 
nuicous  tubercles  of  the  vagina,  anus,  and  mouth,  lias  frequently  been  shown 
to  be  capable  of  causing  infection.  The  blood  itself,  in  more  than  one  instance, 
has  been  inoculated  with  success.  Professor  Pellizzari,  of  Florence,  inoculated 
a  young  Surgeon,  Dr.  Bargioni,  on  the  Cth  of  February,  18G0,  with  blood 
taken  from  the  vein  of  a  woman  suffering  from  syphilitic  eruptions.  The  site 
of  the  inoculation,  which  Avas  carefully  protected  by  a  watch-glass  cover,  re- 
]nained  quiet  for  twenty-five  days  ;  then  a  papule  developed,  which  in  forty- 
four  days  became  an  ulcer  with  hard  base.  On  the  sixty-fifth  day  after 
inoculation,  a  roseola  broke  out  on  the  trunk. 

Some  uncertainty  still  exists  as  to  whether  the  natural  secretions  of  syphilitic 
persons  are  contagious  of  themselves,  or  become  so  by  admixture  with  the 
blood  or  the  discharge  of  syphilitic  affections.  The  saliva,  the  milk,  and  the 
semen  have  been  inoculated  on  healthy  individuals  with  almost  invariably 
negative  results.  So  far,  therefore,  it  may  be  said  to  be  proved  beyond  a 
doubt  that  the  discharges  from  all  secondary  syphilitic  infections,  and  the 
blood  of  patients  suttering  from  acute  syphilis,  contain  the  sj)ecific  virus,  but 
there  is  no  definite  evidence  to  show  that  the  secretions  of  apparently  healthy 
mucous  surfaces  or  glands  in  a  syphilitic  subject  are  capable  of  transmitting 
the  disease. 

The  actual  inoculation  of  the  virus  may  take  phicc  in  many  ways.  There 
is  no  reason  to  believe  that  it  can  enter  the  system  through  an  unbroken 
epithelial  surface.  On  the  other  hand,  it  readily  infects  any  surfiice  from 
which  the  epithelium  has  been  removed,  by  abrasion,  vesication,  or  ulceration. 
Wounds  or  punctures  are  also  readily  inoculated. 

Infection  naturally  takes  place  in  most  cases  during  coitus,  and  tlie  primary 
manifestation  is  usually  situated  in  those  parts  most  likely  to  suffer  from 
abrasion  during  the  act.  Whether  the  vaginal  mucus  of  a  syphilitic  woman 
is  capable  of  conveying  the  poison,  if  she  be  not  at  the  same  time  suffering 
from  primary  sores  or  mucous  tubercles,  is  uncertain. 
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The  next  most  common  source  of  infection  is  the  secretion  of  the  mouth. 
As  hefore  stated,  the  sahva  alone  lias  not  been  proved  to  be  capable  of  con- 
veying the  poison,  but  if  mingled  with  the  secretion  from  mucous  tubercles  or 
the  discharges  from  secondary  ulcerations  of  the  tongue  or  tonsils,  it  is  un- 
doubtedly infectious.  The  disease  is  then  most  commouly  communicated  by 
kissiug,  and  the  primary  sore  appears  on  the  lip  or  cheek.  Authentic  cases 
are  also  on  record  in  Avhich  the  infection  has  been  carried  by  drinking  A'cssels, 
spoons,  or  pipes,  and  in  one  case  the  primary  sore  appeared  on  the  knuckle  in 
IX  cut  received  whilst  striking  the  affected  person  in  the  mouth.  Infants 
suflPering  ft'om  inherited  syphilis  have  infected  their  wet-nurses,  the  primary 
manifestation  appearing  at  the  nipple.  This  point  is  one  of  very  gTcat  import- 
ance, inasmuch  as  actions  for  damages  have  l)een  brought  by  women  who  have 
stated  that  they  have  become  diseased  from  the  child  that  they  have  nursed. 
There  are  so  many  cases  of  the  kind  recorded,  that  there  can  be  no  doubt  as 
to  the  possibility  of  the  occurrence.  Hunter  and  Lawrence  related  cases  in 
which  an  infected  child  communicated  the  disease  to  several  nurses  in  succes- 
sion ;  in  Hunter's  cases  three  wet-mirses  Avere  successively  infected,  two  of 
whom  o-ave  the  disease  arain  to  their  own  children.  A  considerable  mass  of 
evidence  upon  this  point  is  to  be  found  in  Ranliiwfs  Ahsirart,  vol.  iv.  The 
disease  is  especially  apt  to  be  communicated  in  this  way,  if  the  nurse  have 
any  crack  or  abrasion  upon  her  nipjtle,  and  the  infant  sores  on  the  mouth. 
Colles,  however,  Avho  had  great  experience  in  syphilis,  states  that  the  disease 
may  be  communicated  to  the  nurse  from  an  infected  child  by  mere  contact, 
without  excoriation ;  but  when  Ave  consider  that  a  period  of  three  weeks  or  more 
]nay  intervene  between  inoculation  and  the  appearance  of  any  sign  of  the 
disease,  the  statement  must  be  accejited  with  considerable  caution. 

"Whether  a  Avet-nurse  can  infect  the  child  she  suckles  through  the  medium 
of  the  milk  is  a  more  doubtful  question,  and  cannot  be  said  to  be  finally  deter- 
mined. Ricord  and  many  others  of  equal  authority  beheve  it  to  be  possible,  and 
niy  own  opinion  is  that  syphilis  has  been  transmitted  in  this  Avay,  though  very 
rarely.  In  llanlinffs  Ahstmcf,  vol.  \y.,  a  number  of  cases  are  recorded  in 
pi'oof  of  its  occurrence. 

Primary  sores  on  the  finger  are  unfortunately  by  no  means  uncommon 
amongst  Surgeons  and  accoucheurs,  avIio  become  infected  Avhilst  dressing 
syphilitic  sores  or  attending  diseased  Avoinen  in  labour.  WasherAVomen  are 
said  to  have  been  infected  in  the  hands  by  Avashing  linen  soiled  by  the  dis- 
charges from  A'cnereal  sores. 

The  transmission  of  the  disease  by  vacrinaiion  with  lymph  taken  from  a 
child  suffering  from  congenital  syphilis  Avas  until  comparatively  recently  denied 
by  most  authorities.  It  has  noAV,  hoA\-ever,  been  placed  beyond  a  doubt  that  the 
disease  can  be  thus  communicated.  One  of  the  most  unquestionable  of  these 
accidents  is  that  Avhich  occurred  in  the  8ub-Apennine  valley  of  Rivaltain  Pied- 
mont, in  18G1.  Dr.  Pacchiotti,  of  Turin,  Avho  Avas  employed  by  the  Italian 
government  to  report  on  the  attack,  has  published  an  account  of  it.  The 
facts  are  shortly  these.  In  May,  18C1,  an  apparently  healthy  child,  named 
Chiabrcra,  Avas  vaccinated  at  liiA'alta  Avith  lymph  sent  fr'om  Acqui  foi-  the 
purpose.  Ten  days  after  this  vaccination — ^on  June  7th — forty-six  healthy 
children  Avere  vaccinated  at  one  sitthig  from  this  child.  Again,  \)n  the  l-2tii 
June,  seventeen  other  healthy  children  Avere  vaccinated  from  one  of  the  forty- 
six.    Thirty-nine  of  the  first  series  of  forty-six,  and  seven  of  the  second  series 
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of  seventeen,  received  sypliilis  -with  the  vacoiuc  disease,  niiiking  a  total  of 
forty-six  out  of  sixty-three  children  simultuueonsly  inoculated  with  syphiUs 
in  a  mountain  villa<>-e.  Some  months  elapsed  before  the  vaccination  was 
suspected  to  have  been  the  source  of  the  children's  bad  health.  By  the  7th 
October,  when  attention  was  drawn  to  this  sin-eadiug  disease,  six  of  tlie  forty- 
six  syphilized  children  had  died  without  recci\-ing  auy  treatment,  fourteen 
were  recovering,  and  three  were  in  a  precarious  condition.  Twenty-three  were 
dispersed  through  the  country,  and  their  condition  was  unknown  until  further 
researches  traced  them  out.  In  addition  to  the  children,  twenty  women 
suckling  them  were  inoculated  with  syphilis  from  the  children  ;  through  the 
mothers,  the  disease  had  reached  some  of  the  husbands  and  even  the  elder 
children  of  the  different  families.  The  history  of  this  outbreak  of  vaccino- 
syphilis  shows  that  the  disease  appears  in  only  a  certain  proportion  of  those 
inoculated  with  the  lymph.  It  has  been  attempted  to  explain  this  by  sup- 
posing that  sy])hilis  is  only  spread  when  blood  is  mixed  with  the  lymph,  and 
that  pure  lymph  will  not  spread  syphilis  even  when  taken  from  a  syphilitic 
child.  The  evidence,  howevei-,  at  the  present  time  is  not  sufficient  to  prove 
this  definitely,  but  it  is  enough  to  impress  upon  every  vaccinator  the  necessity 
of  not  only  carefully  examining  every  vaccinifer  for  syphilis,  but  also  of  obtain- 
ing tlie  ]ym])h  free  from  contamination  Avith  blood,  even  Avhen  taken  ft'om  an 
apparently  healthy  child. 

Syphilis  has  been  transmitted  in  one  well  authenticated  case  (see  ]x  2C2) 
by  skin  ijraflinji.  In  this  operation  the  grafts  are  cut  of  sufficient  thickness 
just  to  draw  blood,  so  that  there  is  no  difficulty  in  understanding  how  the 
l^oison  may  be  conveyed  from  one  person  to  another. 

2.  Transmission  of  Syphilis  from  Parent  to  Offspring. — The  mode  ol 
communication  of  syphilis  to  the  ovum,  or  to  tlie  foetus  in  utcro,  is  an  investi- 
gation that  has  nnich  occupied  the  attention  of  Surgeons,  and  is  of  consider- 
able practical  interest.  It  has  been  considered  probable,  that  the  poison 
may  be  communicated  to  the  embryo  in  at  least  four  ways  ;  viz.,  1,  the 
father  may  have  a  constitutional  taint  of  "which  he  has  been  imperfectly 
cured,  and,  without  communicating  any  syphilitic  disease  to  his  wife,  may  be 
the  parent  of  an  offspring  that  exhibits  indications  of  being  infected  ;  or,  2, 
the  mother,  having  a  similar  constitutional  disease,  may  in  like  manner  taint 
her  own  offspring  ;  or,  the  diseased  child  may  be  born  of  parents,  both  of 
whom  are  constitutionally  infected ;  or,  4,  the  mother  may  become  pregnant 
with  a  healthy  embryo,  but,  afterwards,  contracting  syphilis,  may  transmit  it 
to  her  offspring. 

There  are  A-ery  good  reasons  for  believing  that  the  disease  does  not  ])ass 
from  the  father  to  the  child  without  also  implicating  the  mother.  In  the  first 
place,  this  faculty  is  shared  by  no  other  contagious  disease,  No  father  can  gi\-c 
liis  offspring  small-pox,  though  the  mother  frequently  communicates  tliat 
disease  to  her  foetus.  In  the  next  place,  it  is  well  known,  as  Colles  of  Dublin 
long  ago  pointed  out,  that  a  congenitally  syphilitic  child  never  locally  infects 
its  mother,  though  it  Avill  transmit  its  disease  readily  to  a  wet-nurse,  whose 
l)reast  it  sucks  ;  this  apparent  exemption  of  the  mother  being  due  to  the  fact 
tluit  she  has  been  already  infected.  Again,  the  symptoms  of  syphilis  are  often 
exceedingly  mild  in  women,  and  constantly  overlooked.  Hence,  in  tlie  present 
state  of  our  knowledge,  it  is  safer  to  conclude  tliat  the  father  infects  the  mother, 
ami  that  she  transmits  her  disease  to  the  offspring. 
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Ricord,  however  states  that  a  mother,  pregnant  a  syphihtic  fcutus,  tlic 
offspring  of  a  father  labouring  under  constitutional  disease,  can  be  infected 
through  it  without  herself  having  had  primary  syphilis;  and  Jonathan 
Hutchinson  has  advanced  a  considerable  amount  of  evidence  in  support  of 
this  doctrine,  which,  nevertheless,  fails  to  carry  con\  iction  to  my  mind  that 
such  communication  ever  takes  place. 

Duration  of  Transmissive  Power  in  the  Parents.^ — This  question  is 
one  of  great  importance  as  bearing  on  the  question  of  marriage  of  persons 
who  have  suffered  from  syphilis.  There  can  be  no  doubt  that  the  power  to 
transmit  the  disease  lasts  during  the  whole  time  that  the  secondary  manifesta- 
tions are  present.  There  is  ecjually  strong  evidence  for  believing  that  during 
the  tertiary  stage  the  parent  does  not  infect  his  offspring.  I  know  instances 
of  men  who  had  contracted  syphilis  before  marriage,  and  had  been  imperfectly 
cured,  and  had  for  many  years  (ten,  fifteen,  or  even  twenty)  occasionally 
suffered  from  outbreaks  of  cutaneous  syphilidcs,  gummata,  and  other  varieties 
of  the  advanced  form  of  the  disease,  and  yet  have  been  the  parents  of  per- 
fectly healthy  children,  and  ha^•e  never  infected  their  wives.  Cases  have, 
however,  been  recorded  in  which  the  wife  and  her  offspring  have  been  affected 
after  very  long  periods,  extending  even  to  ten  or  twelve  years,  even  when  no 
evident  signs  of  the  disease  were  present  in  the  parents  ;  and,  on  the  other 
hand,  mari-iage  at  two  years  after  infection  has  frequently  been  followed  b}' 
the  production  of  healthy  children.  When,  therefore,  the  question  is  put  to 
the  Surgeon,  when  may  a  patient  marry  Avho  has  suffered  from  constitutional 
syphilis,  it  is  by  no  means  always  easy  to  give  a  direct  and  immediate  answer. 
In  answering  the  difficult  question  that  is  thus  frequently  raised,  the  Surgeon 
must  be  very  cautious  ;  he  must  bear  in  mind  tliat  the  health  and  happiness 
of  a  woman  and  the  future  of  a  family  are  often  dependent  on  his  reply  ;  and 
that,  should  he  give  his  consent  to  the  union  and  evil  consequences  follow,  the 
v/hole  responsibility  will  be  thrown  upon  him.  It  may  be  generally  stated  in 
the  first  place,  that  if  any  of  the  local  symptoms  of  syphilis  are  developing 
themselves,  the  affected  person  should  not  marry,  whate^■er  time  has  elapsed 
since  the  commencement  of  the  attack.  As  a  general  rule,  even  if  all  local 
symptoms  have  disappeared,  it  is  advisable  not  to  marry  tiU  three  years  after 
the  commencement  of  the  disease.  If,  however,  there  are  reasons  which  make 
it  difficult  to  delay  so  long,  the  Surgeon  may  give  his  consent  to  the  patient's 
marrying  at  two  years  after  the  time  of  hifection,  provided  he  have  shown  no 
distinct  symptoms  of  acti-\'e  S}q)hilis  in  the  preceding  twelve  months.  Marriage 
under  two  years  is  most  frequently  followed  by  the  production  of  diseased 
children,  and  should  never  be  consented  to  unless  the  attack  has  been  of  a 
very  slight  character  and  no  symptoms  have  been  observed  for  a  year. 

Progress  of  Acquired  Syphilis.  First  Stage.  Period  of  Incuba- 
tion.— The  effects  of  contagion  are  not  immediately  manifested.  The 
time  that  intervenes  between  inoculation  and  activity  of  the  poison  is  called 
the  incuhaimi  period.  It  may  be  occupied  in  three  Avays.  If  the  vehicle 
containing  the  virus  be  of  a  non-irritating  character,  the  broken  surface  heals, 
and  all  trace  of  the  inoculation  disappears  until  the  incubation  is  completed  : 
or,  as  the  vehicle  of  the  virus  is  often  pus  or  discharge  of  an  irritating  kind, 
it  may  cause  immediate  inflammation  at  the  point  of  inoculation."  This 
irritation  subsides  in  a  short  time,  and  the  part  then  remains  quiet  until  the 
incubation  is  complete,  when  the  syphilitic  poison  betrays  its  presence  by 
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chai-actcristio  phenomena.  An  cxpevinient  of  YidaFs  illustrates  this  :  lie 
inoculated  the  matter  of  a  pustular  syphilitic  eruption  on  the  arm  of  a  medical 
student,  which  produced  a  pustule  in  a  couple  of  days ;  this  healed  over  in 
about  a  fortnight,  and  the  experiment  was  sn})posed  to  have  failed  until  the 
thirty-tifth  day ;  action  then  recommenced  l)y  the  development  of  a  papule, 
which  subsequently  ulcerated,  and  o'cueral  syphilis  followed  in  due  course.  If 
the  syphilitic  virus  be  carried  in  the  pus  of  a  local  contagious  chancre,  the  time 
of  incubation  is  often  occupied  by  the  course  of  a  chancre,  which  may  or  may 
not  have  healed  over  when  the  syphilitic  poison  begins  its  action.  This  series 
of  events,  first  a  suppurating  contagions  sore,  and  then  induration  forming  in 
the  base  of  the  sore,  or  in  its  scar  if  the  sore  have  already  healed,  is  perhaps 
almost  as  common  as  the  inoculation  of  sypliilis  unaccompanied  by  immediate 
local  irritation  ;  but  the  two  morbid  processes  have  no  connection  Avitli  each 
other,  and  are  only  accidentally  co-existent. 

The  length  of  this  time  of  inactivity  varies  in  different  joersons  ;  it  is 
commonly  twenty-fiA-e  days.  The  shortest  known  period  before  the  poison 
began  to  reveal  its  presence  has  been  ten  days,  and  the  longest  forty-six  days. 
The  most  important  question  with  regard  to  this  stage  of  the  disease  is,  hoAV 
long  docs  the  ])oison  remain  localized  at  the  seat  of  inoculation  before  entering- 
the  circulation  ?  No  certain  answer  can  be  given  to  this  question,  but  it  is 
l)robablc  that  the  period  between  inoculation  and  general  infection  is  very 
short.  Berkeley  Hill  records  a  case  in  which  he  freely  destroyed  the  surface 
of  the  wound  left  by  a  rupture  of  the  fr^enum  about  twelve^iours  after  infection, 
but  in  spite  of  this  general  syphilis  followed.  Ricord,  who  at  one  time  believed 
tliat  destruction  of  the  seat  of  inoculation  within  five  days  would  prevent  the 
general  disease,  afterwards  comijletely  abandoned  this  ^'iew,  and  came  to  the 
conclusion  that  destruction  of  the  seat  of  infection  is  useless.  Experiments  on 
tlie  inoculation  of  vaccine  lymph  on  the  human  subject,  and  the  ^  irus  of 
glanders  on  horses,  have  shown  that  the  time  that  elapses  l)etweeu  the  local 
introduction  of  the  virus  and  its  entrance  into  the  circulation  is  very  short. 
In  glanders,  the  excision  of  the  scat  of  inoculation  one  minute  after  the  poison 
was  inserted,  foiled  to  arrest  the  development  of  the  disease.  Those  cases, 
tlierefore,  in  which  general  syiDhilis  is  reported  to  haA'e  been  cured  by  excision 
of  the  primary  sore  cannot  be  accepted  w'ithout  further  evidence. 

Second  Stage.  Appearance  of  tlie  Initial  Manifestation  or 
Primary  Sore. — AVhen  the  period  of  incubation  is  past,  a  ])cculiar  chronic  in- 
llammatory  jn-ocess  accoinpam'ed  by  the  growth  of  new  tissue  takes  place,  in 
t!ic  seat  of  inoculation  beneath  the  epithelium,  if  that  be  intact,  or  in  the 
tissues  forming  the  base  of  the  ulcer,  if  the  inoculation  has  been  immediately 
f(jlloAVcd  by  the  formation  of  a  sore  consequent  upon  the  simultaneous  in- 
troduction of  the  poison  of  the.  non-infecting  chancre  or  other  irritating 
matter.  Should  such  a  sore  have  healed,  the  new^  growth  commences  in  th.e 
scar.  Tlie  new  tissue  is  of  almost  cartilaginous  hardness.  Microscopic  ex- 
amination shows  it  to  be  formed  by  an  infiltration  of  the  connective  tissue  with 
small  round  cells.  With  these  larger  cells  containing  a  single  nucleus  are 
found,  and  not  uncommonly  multinuclear  cells  of  considerable  size  arc  met 
with.  These  differ  from  the  giant-cells  of  tubercle  in  being  smaller  and  more 
regular  in  outline.  It  is  tlie  formation  of  this  growth  that  foi-ms  one  of  the 
most  distinct] \'c  features  of  the  true  syphilitic  sore.  The  simple  chancre  is 
formed  by  a  true  process  of  ulceration.  There  is  destruction  of  tissue  from  the 
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first,  and  such  ajipareiifc  increase  as  there  may  be  results  merely  from  in- 
flammatory exudation,  and  the  cells  infiltratini;-  the  tissues  are  apparently  all 
mi<;-rated  Avhite  corpuscles,  and  show  no  signs  of  higher  development.  In  the 
initial  manifestation  t)f  syphilis,  in  addition  to  the  small  round  cells,  larger 
cells  evidently  undergoing  development  are  met  with.  In  the  simple  chancre 
there  is  from  the  first  evident  loss  of  substance ;  in  the  hard  sore  there  maybe 
distinct  increase  of  tissue  cveu  Avhen  ulceration  is  takiug  place.  The  new 
growth  in  the  initial  manifestation  of  syphilis  is  imperfectly  vascularized. 
The  walls  of  the  small  arteries  and  A'cins  in  the  infected  tissue  are  sometimes 
found  to  be  thickened,  and  the  lumen  obstructed  liy  a  growth  from  the  en- 
dothelium. Consequently  the  indurated  tissue  tends  readily  to  degenerate  and 
break  do\ra. 

Clinically  the  initial  manifestation  assumes  two  forms,  the  desquamating 
papule,  and  the  indurated  chancre. 

The  desquamating  papule  appears  at  the  point  of  inoculation  as  an  elevated 
hard  dark-red  or  copper-coloured  spot  distinctly  elevated  above  the  surface, 
with  slight  desquamation  of  the  epithelium  covering  it.  At  first  it  is  very 
small,  but  may  gradually  extend  till  it  reaches  half  an  incli  in  diameter.  It 
is  dense  and  hard,  its  edges  are  sharply  defined  ;  it  is  practically  painless, 
causing  at  most  a  slight  itching.  It  occurs  most  frequently  where  it  is  little 
exposed  to  friction  or  to  the  irritation  of  accumulated  secretions.  If  irritated 
in  any  way  it  readily  ulcerates  and  then  becomes  an  indurated  chancre.  In 
fact  it  rarely  remains  as  a  papule  to  the  end.  From  its  painless  nature  it 
may  run  its  course  and  subside  without  attracting  the  attention  of  the 
patient. 

The  Indurated  or  Hunterian  Chancre  commences  as  a  papule,  or  may 
begin  as  an  apparently  simple  sore  which  becomes  indurated  when  the  period 
of  incubation  is  past.  It  assumes  two  forms  dependent  on  the  amount  of  the 
surrounding  induration.  In  one  form  the  sore  is  superficial,  and  the  hardness, 
which  is  (;learly  defined,  extends  but  little  beyond  it.  In  this  variety,  the  sore 
is  the  inost  prominent  feature,  and  the  induration  may  even  be  difficult  to 
detect,  sometimes  assuming  the  form  described  by  Ricord  as  "parchment  in- 
duration." The  discharge,  if  the  sore  be  kept  clean  and  free  from  irritation,  is 
merely  serous,  and  under  the  microsco])e  shows  granular  cUhris  with  a  few 
epithelium  scales.  If  the  surface  be  irritated  by  dirt,  or  by  any  substance  used 
as  a  dressing,  it  rajiidly  becomes  purulent.  The  extension  of  the  ulceration  is 
slow  and  painless.  The  superficial  sore  forms  the  most  common  variety  of  the 
initial  maiiifestation.  It  occurs  usually  on  moist  surfaces  as  the  glans  or 
inside  of  the  prepuce  in  the  male,  or  labia  in  the  female. 

The  second  form  of  indurated  sore  is  that  most  properly  described  as  the 
"  true  Hunterian  chancre."  It  is  surrounded  by  a  dense  mass  of  induration 
extending  deeply  into  the  tissues.  It  is  considerably  elevated  above  tlic  sur- 
rounding parts,  and  the  surface  is  often  cup-shaped.  Gras]-)ed  between  the 
fingers  it  feels  almost  like  a  piece  of  cartilage,  the  limits  of  the  induration 
being  clearly  and  sharply  defined,  and  the  surrounding  tissues  free  from  in- 
flammation. It  is  usually  painless,  and  its  surface  is  often  ahntisfc  diy,  there 
being  merely  a  very  sHght  serous  discharge.  It  is  most  common  on  the  glans 
or  on  the  corona.  Every  modification  may  l)e  met  with  between  thcsc'^two 
forms  of  the  indurated  sore.  It  has  been  maintained  by  Surgeons  of  great 
authority  that  induration  at  the  site  of  inoculation  may  occasionally  be  absent. 


VARIETIES  OF  HARD  CHANCRE. 


It  is  certainly  in  some  rare  cases  so  sli<;-lit  that  it  is  detected  with  difficulty, 
hut  it  is  douhtful  if  it  is  ever  wholly  wanting. 

As  soon  as  the  primary  sore  makes  its  appearance,  the  patient  acquires 
an  immunity  from  re-inoculation  of  the  poison,  the  discliai'ge  from  an 
indurated  sore  not  being  inoculablc  on  the  patient  himself  under  ordinary 
circumstances.  If,  however,  the  surface  he  irritated  mechanically,  by 
the  application  of  irritating  dressings,  or  from  want  of  cleanliness  to 
such  an  extent  that  the  discharge  becomes  purulent,  it  will  then  as  a 
rule  become  auto-inoculable,  the  resulting  sore  resembling  a  soft  chaucrc 
in  appearance,  and  not  presenting  the  characteristic  feature  of  the  hard 
chancre.  The  non-inoculability  of  the  dischar'j-e  from  an  inflamed  hard  sore 
has  been  used  as  a  means  of  diagnosis  between  the  hard  and  soft  chancre,  but 
in  cases  in  which  doubt  existed  the  sore  would  probably  be  suppurating  from 
irritation,  and  consecjuently  an  error  might  easily  arise. 

MTumber. — The  primary  syphilitic  sore  is  almost  invariably  single.  This 
fiict  is  readily  ex[)lained  by  its  non-inoculability  on  the  patient  himself.  Arthur 
Oooper  states  that  of  lOo  cases  of  early  syphilis  admitted  into  the  Male  Lock 
Hospital,  in  01  there  was  only  one  initial  lesion,  7  had  two  sores,  and  five  had 
more  than  two.  The  indurated  primary  ulcers  of  syphilis  are  most  frequent 
on  the  (jp)iitah,  but  not  so  exclusively  limited  to  those  parts  as  are  local 
venereal  sores,  because  syphilis  is  communicated  in  various  ways  besides  that 
of  sexual  intercourse.  They  may  appear  on  any  part  of  the  body.  Fournier 
found  that,  of  472  cases  of  inoculation  in  men,  ?A4,  were  on  the  prepuce  and 
g-lans  penis,  109  on  other  parts  of  the  male  organ,  12  only  on  the  month,  G  on 
the  hands  and  fingers,  and  a  few  on  the  eyelids,  tonsil,  and  iiavel. 

The  Urethral  Chancre  is  usually  situated  just  within  tlie  orifice  of  the 
canal,  and  may  be  seen  on  pressing  open  its  lips,  in  the  forjn  of  a  small  sore, 
which  occasionally  creeps  out  upon  the  glans.  Sometimes  it  is  more  deeply 
■seated,  so  as  to  be  out  of  sight ;  when  this  is  the  case,  a  discharge,  occasionally 
tinged  with  blood,  appears  in  small  quantities  from  the  urethra  ;  at  a  little 
distance  up  the  canal  there  will  usually  be  felt,  on  grasping  the  organ  betw  een 
the  fingers,  a  circumscribed  indurated  spot,  which  is  somewhat  painful  on 
pressure  and  after  micturition.  It  is  the  jiresence  of  chancres  in  this  canal 
that  formerly  led  to  the  supposition  of  the  identity  of  syphilis  and  gonorrhoea, 
an  error  which  Avas  disproved  liy  the  test  of  inoculation  ;  the  discharge  from 
urethral  chancre  ])roducing  the  typical  sore,  that  from  gonorrhoea  giving  no 
result  when  introduced  into  the  skin.  The  existence  of  chancre  within  the 
urethra  may  be  suspected  if  the  urethral  discharge  be  small  in  quantity, 
serous  in  character,  and  tinged  with  blood.  Tlie  chancre  may  be  detected  by 
■everting  the  edges  of  the  urethra,  or,  if  situated  too  high  up  the  canal  to  be 
seen,  by  being  felt  hard  and  nodulated  through  its  coats. 

In  some  cases  of  disgusting  de])ravity  chancres  are  met  with  at  the  margin 
•of  the  anus.    In  this  situation  they  present  nothing  peculiar. 

In  women  chancres  are  very  rare  on  the  A'aginal  wall,  about  four  per  cent, 
arc  said  to  occur  on  the  cervix  uteri,  and  the  remainder  on  the  external  organs 
•of  generation. 

Labial  and  Facial  Chancres  arc  by  no  means  uncommon,  being  most 
frequently  the  result  of  the  inoculation  of  some  small  crack  on  the  lip  or  ex- 
coriation of  the  skin  of  the  face  with  the  discharge  from  mucous  tubercles  in 
the  mouth  of  an  infected  person.    Chancres  on  the  lip  may  possibly  result 
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also  from  drinking  or  using  a  spoon  after  a  syphilized  person,  or  smoking  the 
same  pipe.  These  chancres  arc  often  very  deceptive,  the  raised  and  indurated 
base  causing  them  closely  to  resemble  epithelioma.  In  a  case  of  chancre  of 
the  cheek  lately  admitted  into  University  College  Hospital,  the  sore  was  as 
large  as  a  half-a-crown,  and  raised  abruptly  above  the  surrounding  skin  for 
about  a  quarter  of  an  inch.  The  sore  was  but  slightly  indurated,  and  the 
discharge  was  serous  and  bloody,  mixed  with  a  little  pus.  The  surface  liad 
a  great  tendency  to  become  covered  with  scab.  In  other  cases  the  induration 
may  be  of  the  same  character  as  in  the  Hunterian  sore  on  the  penis.  The 
diagnosis  can  usually  be  made  without  dilficulty  by  attention  to  the  foul 
surface,  hard  base  and  persistent  character  of  the  sore,  and  by  the  in^'ariable 
presence  of  indolent  enlargement  of  the  lymphatic  glands  from  its  earliest 
appearance.  Later  on  the  appearance  of  skin-ernptions  Avill  make  the  nature 
of  the  case  evident.  From  cancer  labial  chancre  can  usually  be  distinguished 
l)y  the  age  and  sex  of  the  patient,  as  it  is  most  commonly  met  with  in  girls 
and  young  women  who  have  not  reached  the  age  for  cancer  ;  indeed,  in  women 
at  any  period  of  life  cancer  of  the  lip  is  extremely  rare.  Chancres  have  been 
met  with  even  on  the  tongue. 

I  would  especially  caution  the  Surgeon  not  to  lie  misled  in  his  diagnosis  by 
the  modest  look  or  the  respectable  station  in  life  of  the  infected  woman.  In 
this,  as  in  all  other  cases  of  A  cnercal  disease,  he  juust  make  an  independent 
diagnosis  without  regard  to  social  considerations  or  to  the  statement,  often 
pm-posely  misleading,  made  1)y  the  patient. 

Syphilis  not  unfrequently  occurs  amongst  Sui'gcons  and  accoucheurs  as  a 
consequence  of  inoculation  on  the  fingers,  during  the  dressing  of  a  venereal 
sore,  or  the  delivery  of  a  diseased  woman  ;  and  is  occasionally  met  with  also 
among  non-professional  persons.  It  usually  appears  as  a  small  sore  by  the  side 
of  the  nail  and  under  its  matrix,  with  much  swelling,  redness,  and  pain  in  the 
finger,  which  becomes  bulbous  :  pain  and  swelling  of  the  axillary  glands  soon 
follow.  If  the  nature  of  tlie  disease  be  not  recognized,  the  ulceration  will 
creep  round  the  tij)  of  the  finger,  have  a  foul  and  sloughy  look,  witii  exquisite 
tenderness,  and,  resisting  all  ordinary  treatment,  may  be  set  down  as  malio- 
nant ;  on  Avhich  suiDposition  amputation  of  the  finger  has  been  jDroposed  and 
practised.  I  ha^•e  seen  a:  least  four  cases  in  which  this  extreme  measure  has 
l)ecn  proposed,  but  in  which,  by  a  timely  discovery  of  the  true  nature  of  the 
affection,  the  finger  was  s;n  cd. 

Variations  in  the  Sore  as  the  result  of  Irritation.— As  the  result  of 
iiTitation,  the  normal  serous  discharge  of  a  hard  chancre  becomes  purulent. 
If  the  irritation  be  more  severe,  and  especially  if  inefiicient  caustics,  as  nitrate 
of  silver,  have  been  applied,  the  surrounding  tissues  become  infiltrated  and 
swollen  so  as  to  o1)scure  the  characteristic  sharply  defined  edge  of  the  indura- 
tion. In  such  cases  it  is  often  impossible  to  make  a  diagnosis  until  the 
inflammation  has  been  subdued  by  proper  treatment, 

Hai-d  sores  rarely  if  ever  assume  a  sloughing  form.  Phageda:nic  ulceration 
is,  hoAvevcr,  not  uncommon  {vide,  p.  1070). 

Prognosis  from  the  Appearance  of  the  Primary  Sore.— Evcrv  patient 
who  has  the  initial  manifestation  is  already  suffering  from  constitutional 
syphilis,  and  nothing  can  prevent  his  suffering  from 'secondary  svmptoms 
These  may  be  so  slight  as  to  be  scarcely  noticeable,  or  so  severe  as  to"'cndauoer 
life.    ]\Iuch  niduration  is  often  thought  to  precede  a  severe  course  of  syphilis 
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and  possibly  tliis  may  Le  true  ;  bub  the  most  severe  symptoms  have  ulso 
followed  small  superficial  sores,  so  that  it  is  not  safe  to  di-aw  any  coiiclusiou 
from  the  appearance  of  the  initial  manifestation. 

Course  of  the  Indurated  Sore. — If  unmodified  by  treatment  the  initial 
manifestation  tends  slowly  to  disappear,  the  surrounding  induration  melting 
away  and  the  sore  healing,  a  scar  being  left  behind,  which  is  more  or  less 
marked,  according  to  the  extent  and  depth  of  the  ulceration  that  has  accom- 
panied the  process.  The  simple  desquamating  papule  may  leave  no  recog- 
nizable scar.  The  length  of  time  Avhich  may  elapse  before  spontaneous 
disappearance  of  the  induration  takes  place  is  uncertain,  but  it  is  rarely,  if 
ever,  under  two  months. 

Indolent  Enlargement  of  the  Lymphatic  Glands. — The  so-called 
■huJolmt  1)111)0  is  the  next  change  to  follow  induration  at  the  seat  of  inoculation. 
The  time  at  which  this  follows  the  appearance  of  the  initial  manifestation  is 
variously  stated  at  from  seven  to  eleven  days.  Most  commonly  the  glands 
are  found  already  eidarged  when  the  patient  first  presents  himself,  and  form 
an  important  element  in  the  diagnosis.  One  gland  enlarges  first  and  several 
follow  ;  the  glands  are  painless,  or  only  very  slightly  tender,  and  the  hardness 
is  such  that  they  are  often  described  as  feeling  like  bullets.  The  skin  over 
them  is  unaltered  in  appearance,  and  the  individual  glands  can  be  clearly 
distinguished,  even  when  they  form  together  a  considerable  mass,  there  being 
no  doughy  swelling  about  them  as  in  the  acute  suppurating  bubo.  In  rare 
cases,  if  the  sore  be  irritated  so  that  it  is  suppurating  freely,  or  if  the  patient 
has  unwisely  taken  violent  exercise,  as  dancing,  riding,  and  the  like,  suppura- 
tion may  take  place,  and  an  abscess  form  around  the  glands.  The  pus, 
however,  from  such  an  abscess  is  never  auto-inoculable  like  that  from  the 
virulent  bubo  following  a  soft  chancre.  If  the  point  of  contagion  be  situated 
near  the  middle  line,  at  the  frsenum'for  instance,  the  glands  in  both  groins  are 
often  enlarged. 


SECONDARY  AND  TERTIARY  CONSTITUTIONAL  MANIFESTATIONS  OF  SYPHILIS. 

In  describing  the  constitutional  manifestations  of  syphilis  it  will  be  most 
convenient  to  give  first  an  outline  of  the  general  pathology  and  the  ordinary 
course  of  the  disease  and  its  treatment,  and  subsequently  to  consider  more  in 
detail  the  special  syphilitic  affections  of  the  various  textures  and  organs. 

General  Pathology  and  Pkogress  of  Syphilis. — After  the  appearance 
of  the  initial  manifestation  there  is  usually  an  interval  of  from  five  to  seven 
weeks  before  any  further  characteristic  symptoms  are  developed.  This  has 
been  tenned  "  the  period  of  second  incubation."  During  this  time  there  is  in 
most  cases  some  disturbance  of  health  ;  the  patient  becomes  pale,  and  suffers 
from  malaise  or  a  general  sense  of  indisposition,  often  with  some  loss  of 
flesh.  Neuralgic  pains  in  the  head  and  other  parts  of  the  body  are  common 
during  this  stage.  Sometimes  there  is  distinct  but  slight  febrile  disturbance 
just  before  the  cutaneous  eruptions  make  their  appearance,  but  this  is  seldom 
sufficiently  marked  to  attract  attention. 

At  the  end  of  this  period,  often  before  the  primary  sore  is  healed,  the 
secondary  manifestations  of  the  disease  make  their  appearance.  These  consist 
of  various  superficial  affections  of  the  skin  and  mucous  membranes,  usually 
appearing  more  or  less  symmetrically.    In  the  skiu  the  early  syphilitic 
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eruptions  or  syphilidcs  present  the  following  gradations.  In  the  simplest 
form  there  is  hyperemia  of  the  papillte  in  localized  spots  with  some  retarda- 
tion of  the  blood-stream.  We  consequently  get  a  red  patch  of  a  somewhat 
dusky  colour  not  perceptibly  elevated  above  the  surface.  On  pressing  on  the 
discoloured  area  the  red  tint  disappears,  a  faint  brownish  or  copper-coloured 
stain  is  left  behind.  This  is  presumal)ly  due  to  staining  of  the  tissues  by  the 
pigment  from  a  few  corpuscles  which  have  escaped  from  the  distended  vessels. 
This  form  of  eruption  is  described  as  macular  syphilide,  syphilitic  roseola. 
It  is  the  most  common  and  the  earliest  of  all  the  cutaneous  affections.  It 
occurs  also  on  mucous  membranes,  and  is  usually  of  short  duration. 

If  the  hypertemia  continues  for  a  longer  time,  the  papilla  become  swollen 
and  an  increased  growth  of  epithelium  takes  place  on  their  surface.  There  is 
thus  formed  a  red  patch,  slightly  elevated  and  covered  with  a  branny  or  scaly 
layer  of  desquamating  epithelium.  This  is  the  squamous  syphilide  or  syphilitic 
psoriasis,  a  common  early  syphilitic  eruption.  If  the  eruption  occurs  in  a 
moist  place,  as  in  the  neighbourhood  of  the  anus  or  on  a  mucous  membrane, 
the  hypertrophy  of  the  papillae  is  usually  more  marked,  and  the  new  epithelium 
instead  of  forming  dry  scales  separates  early  or  forms  a  sodden  white  mass  on 
the  surface  of  the  patch.  Occasionally  the  papillary  aspect  of  the  growth  is 
very  distinct.  This  is  the  inucous  tubercle  or  flat  condyloma,  and  when  the 
eruption  is  general  every  gradation  may  be  traced  between  it  and  tlie  squamous 
syphilide,  according  to  the  degree  of  moistm-e  of  the  part  in  which  the  patch 
is  situated. 

The  next  degree  of  the  process  is  the  syphilitic  papule  or  papular  syphilide. 
This  is  the  result  of  a  coagulable  inflammatory  exudation  into  the  papillfe  ot 
the  skin.  It  forms  a  hard,  red,  elevated  patch,  usually  of  small  size  and 
covered  by  a  bran-like  desquamation  of  the  epithelium.  It  merges  insensibly 
into  the  squamous  syj^hilide,  or,  if  in  a  moist  part,  into  the  mucous  tubercle. 

If  the  process  be  more  acute,  the  serum  from  the  exudation  raises  the 
cuticle  and  a  vesicle  is  formed.  Yesicular  syphilide  is  a  rare  form  of  eruption. 
Should  it  be  still  more  acute,  migrating  corpuscles  penetrate  the  Malpighian 
layer  of  the  epithelium,  and  mixing  with  the  serum  in  the  vesicle,  convert  it 
into  a  pustule,  and  there  is  then  developed  the  pustular  syphilide.  When  the 
pustules  occur  in  the  early  stages  of  syphilis,  they  dry  up  and  form  scabs, 
beneath  which  no  ulceration  takes  place,  and  no  scars  arc  left  when  they  arc 
healed.  On  mucous  membranes,  from  the  thinness  and  softness  of  the 
epithelium,  the  sujxirficial  layer  is  very  early  cast  off,  and  there  is  thus  formed 
the  small  superficial  ulcer  commonly  met  with  on  the  tongue  and  lip. 

All  the  early  sj-philitic  eruptions  are  merely  modifications  of  one  pathologi- 
cal process,  differing  in  degree  but  not  in  nature.  They  occur  in  all  parts  *of 
the  bod}'-,  and  often  in  situations  which  are  not  affected  by  simple  eruptions 
of  the  same  character  ;  thus,  for  instance,  the  squamous  syphilide  is  common 
on  the  palms  of  the  hands,  the  soles  of  the  feet,  and  the  flexure  of  joints.  Thev 
present  also  the  great  peculiarity  of  causing  little  or  no  itching  or  irritation. 
More  than  one  form  of  eruption  may  be  present  at  the  same  time,  and  in  this 
again,  they  differ  from  simple  skin  diseases. 

With  the  skin-eruptions  there  is,  in  the  majority  of  cases  some  affection  of 
the  throat.    With  the  roseola  of  the  skin  there  is  usually  some  redness  and 
dryness  of  the  fauces,  as  if  a  similar  eruption  was  taking  place  there  also 
Later  on  ulceration  of  the  tonsils  veiy  commonly  takes  place.   The  ulcers' arc' 
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as  a  rule,  symmetrical  ;  they  have  sharply-cut  edges,  and  a  grey  floor,  and 
the  mucous  membrane  round  is  reddened.  They  cause  singuhirly  Httle  pain 
in  most  cases,  and  have  no  tendency  in  this  stage  of  the  disease  to  extend  far 
beyond  tlie  surfoce  of  the  tonsil,  or  to  cause  extensive  destruction  of  the 
piUars  of  the  fauces  or  soft  palate. 

The  remaining  symptoms,  belonging  to  the  secondary  stage  of  the  disease 
arc,  loss  of  hair,  pains  in  the  bones,  periostitis  without  any  tendency  to  termi- 
nate in  suppuration,  caries  or  necrosis,  and  inflammation  of  the  iris. 

The  most  constant  of  the  foregoing  symptoms  are  the  roseola  followed  by 
papular  and  squamous  syphilide,  Avith  ulceration  of  the  throat  ;  mucous 
tubercles,  loss  of  hair,  and  periostitis  are  common  but  by  no  means 
constant  ;  iritis  is,  fortunately,  met  with  only  in  a  small  percentage  of  cases 
of  syphilis. 

During  the  time  the  eruptions  are  making  their  appearance  chronic  enlarge- 
ment, with  induration  of  the  lymphatic  glands  tliroughout  the  body,  is  not 
uncommon.    The  patient  is  usually  ana3mic  and  thin,  but  not  necessarily  so. 

The  secondary  stage  may  end  in  two  months  or  extend  over  a  year.  When 
it  has  come  to  an  end  the  patient  may  never  sutter  again  from  any  symptoms 
of  the  disease,  or  he  may  pass  on  directly  to  the  development  of  those 
s^Tuptoms  which  are  classed  as  tertiary.  In  typical  cases  an  interval  of  months 
or  years  may  intervene  between  the  tertiary  and  secondary  stage,  during 
which  occasional  relapses  of  the  secondary  symptoms  may  occur.  In  other 
cases,  again,  the  tertiary  affections  may  appear  before  the  secondary  signs 
have  subsided.  Thus  there  is  no  distinct  line  of  demarcation  between 
secondary  and  tertiary  syphilis. 

The  tertiary  stage  of  syphilis  is  characterized  by  the  appearance  of  ulcers 
on  the  skin,  and  mucous  membranes,  usually  unsymmetrical,  and  having  a 
tendency  to  spread  widely,  and  to  cause  considerable  destruction  of  tissue  ; 
by  certain  chronic  degenerative  changes  in  the  blood-vessels  ;  by  chronic 
fibroid  induration  of  organs  and  tissues,  and  by  the  development  of  masses  of 
new  tissue  forming  definite  tumours  prone  to  early  degeneration — syphilitic 
guramata  or  syphilomata. 

The  ulcers  on  the  shin  begin  in  various  ways.  First,  they  may  arise  in 
much  the  same  way  as  the  secondary  eruptions.  A  localized  patch  of  the 
skin,  a  quarter  of  an  inch  or  more  in  diameter,  becomes  inflamed,  usuall}' 
vesication  takes  place,  the  fluid  in  the  bleb  becomes  rapidly  purulent  and  then 
dries  up,  leaving  a  dry  adherent  scab  which  gi-adually  increases  in  thickness 
and  diameter.  If  this  be  removed,  a  circular  ulceration  of  the  cutis  is  found 
beneath,  which  may  slowly  spread  with  the  formation  of  a  fresh  scab.  This 
form  of  eruption,  known  as  rupia,  occurs  scattered  over  the  whole  body,  and 
in  this  resembles  a  secondary  eruption.  In  fact,  it  forms  an  intermediate 
link  between  secondary  and  tertiary  affections. 

Secondly,  small  gummata  form  in  the  cutis  vera,  forming  flat  dusky-red  or 
copper-coloured  elevations,  known  as  tubercular  syphilide,  or  syphilitic 
tubercles.  These  soften  in  the  centre,  and  an  ulcer  forms  which  may  spread 
slowly. 

Thirdly,  a  gumma  may  form  in  the  subcutaneous  tissue ;  which  softens, 
becomes  adherent  to  the  skin,  and  opens  on  the  surface  by  ulceration,  leaving 
a  deep  excavated  cavity,  with  an  adherent  yellow  slough. 

Lastly,  in  sj-philitic  subjects,  a  simple  iajury  to  the  skin  may  lead  to 
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a  spreading  ulcer.  This  form  is  most  common  on  the  leg.  All  tertiary 
ulcers  tend  to  spread  slowly,  often  extending  on  one  side  while  healing  ou  the 
other.    They  thus  are  often  crescentic  or  serpiginous  in  form. 

The  chaiKjes  olserred  in  the  smaller  arteries  consist  of  a  gradual  narrowing 
of  tlie  lumen  hy  a  growth  apparently  originating  by  proliferatiou  of  the  en- 
dothelium. The  external  coat  is  also  thickened,  hut  in  a  slighter  degree.^ 
These  changes  have  been  observed  in  the  cerebral  and  renal  arteries  of 
medium  size,  and  in  the  smaller  vessels  in  the  neighbourhood  of  gummata. 
In  the  larger  arteries  no  distinctive  changes  are  met  with,  but  it  is  a 
well-known  fact  that  the  great  majority  of  aneurisms  of  the  larger  vessels 
in  young  subjects  occur  in  those  who  have  suffered  from  constitutional 
syphilis. 

Ove)-(jrowth  of  the  connective  tissue  is  met  with  in  the  lung,  liver,  spleen, 
testicle,  and  other  organs,  and  with  it  must  be  classed  the  diffuse  hypertrophy 
of  bone,  which  is  not  an  uncommon  conse(|uence  of  syphilis.  An  orgau 
affected  in  this  Avay  is  tougher  and  harder  than  natural,  and  at  first 
increased  in  bulk.  If  it  is  inclosed  in  a  fibrous  capsule,  as  the  liver  or 
testicle,  this  is  thickened  and  opaque,  sometimes  uniformly,  sometimes  in 
patches.  When  the  organ  is  covered  by  a  serous  membrane  this  also  shows 
signs  of  chronic  inflammation  ;  thus  a  syphilitic  lung  or  li^•er  always  shows 
firm  fibrous  adhesions  between  the  visceral  and  parietal  layers  of  serous  mem- 
brane. A  testicle  is  almost  invariably  surrounded  by  a  hydrocele  often 
divided  into  separate  sacs  by  adhesions  between  the  visceral  and  parietal 
layers  of  the  tunica  vaginalis.  In  a  later  stage  the  affected  organ  may  shrink 
and  become  puckered  on  the  surface.  A  section  shows,  in  the  early  stage  of 
enlargement,  that  the  proper  structure  is  infiltrated  by  a  whitish  or  semi- 
transparent  material  of  considerable  firmness  lying  in  the  natural  situations 
of  the  connective  tissue  and  following  the  lines  of  the  vessels.  In  the  testicle 
the  septa  may  thus  be  increased  to  half  a  line  or  more  in  thickness.  In  the 
later  stages,  when  the  active  process  has  ceased,  dense  cicatricial  bands  of 
fibrous  tissue  may  pass  through  the  organ  in  various  directions  leading  to 
puckered  scars  on  the  surface.  The  process  is  painless,  and  the  performance 
of  the  natural  function  of  the  organ  is  diminished  in  proportion  to  the 
destruction  of  its  proi)er  structure  by  the  pressure  of  the  new  growth. 

The  microscopic  appearances  presented  in  organs  thus  affected  arc  those 
of  chronic  interstitial  inflammation.  The  interstitial  connective  tissue, 
sometimes  throughout  the  affected  organ,  sometimes  in  bands  or  patches, 
is  found  to  be  infiltrated  with  small  round  cells,  about  the  size  and  shape 
of  white  blood  cor]Kiscles.  Between  the  cells  is  a  delicate  stroma,  usually 
finely  fibrillated.  Vessels  of  new  formation  are  abundantly  present  in  the 
new  tissue.  The  gi'owth  seems  to  commence  round  the  vessels  and  to 
infiltrate  along  their  course.  At  a  later  stage  it  becomes  developed  into 
dense  fibroid  tissue,  and  at  the  same  time  undergoes  considerable  contrac- 
tion, and  this  may  lead  to  deformity  and  puckering  of  the  affected  organ. 
The  normal  structures  of  the  part  are  pressed  upon  by  the  growth,  and  may 
degenerate  and  l)e  completely  absorbed  in  parts.  The  original  vessels  show 
the  changes  just  described,  and  arc  frequently  obliterated. 

This  process  manifests  itself  in  bone  by  a  gradual  enlargement  extending 
over  a  considerable  area,  and  accompanied  by  a  great  increase  in  density  of 
the  structure  (sclerosis  of  bone).   The  Haversian  canals  are  narrowed,  and  in 


SYPHILIS— MICROSCOPY  OF  GUMMATA. 


1093 


many  arc  completely  obliterated,  and  thus  from  want  of  blood-supply  death 
of  a  portion  of  bone  may  take  place  (syphilitic  necrosis).  The  bones  of  the 
skull  furnish  some  of  the  best  specimens  of  this  change. 

The  most  characteristic  pathological  product  of  tertiary  syphilis  is  the 
(]umma,  or  as  it  is  sometimes  called  the  syphibma  or  syphilitic  grumdomt.  A 
gumma  commences  by  a  localized  process  essentially  similar  to  the  diffuse 
form  just  described,  namely,  an  infiltration  of  the  connective  tissue  of  the 
affected  part,  with  small  round  cells.  These  cells  may  be  in  part  migrated 
Avhite  corpuscles,  and  in  part  formed  by  proliferation  of  the  original  connective 
tissue  corpuscles.  It  is  impossible  to  say  to  what  extent  they  owe  their  origin 
to  these  two  sources.  New  vessels  are  formed  amongst  the  cells,  and  thus  a 
tissue  is  developed  having  the  characters  of  granulation  tissue.  This  continues 
to  increase  in  quautity  till  the  special  structure  of  the  part,  such  as  epithelium 
in  a  gland,  striated  fibres  in  muscle,  fat  cells  in  adipose  tissue,  or  the 
compact  tissue  of  bone,  disappear  in  the  affected  area,  being  destroyed  and 
absorbed  in  consequence  of  the  pressure  of  the  invading  growth.  Thus 
a  nodule  is  formed,  composed  of  small  round  cells,  between  which  is  an  inter- 
cellular substance,  small  in  amount  and  usually  distinctly  fibrillated,  so  as  to 
give  the  new  tissue  considerable  toughness.  The  gumma  in  this  stage  is 
abundantly  vascular.  The  new  tissue  exceeds  in  bulk  that  which  it  has 
replaced,  and  thus  forms  a  distinct  tumour.  It  increases  by  a  progressive 
infiltration  of  the  suiTounding  structures,  and  not,  as  in  tubercle,  by  the  for- 
mation of  new  nodules,  which  coalesce  with  that  first  formed.  The  gi'owth 
continues  till  the  gumma  may  reach  the  size  of  a  walnut  ;  but  long  before  this 
— in  fact  soon  after  the  gumma  becomes  recognizable^ — ^degenerative  changes 
have  taken  place  in  its  structure.  These  arise,  not,  as  in  tubercle,  from  the 
absence  of  vessels  in  the  new  tissue,  but,  as  has  been  pointed  out  by  Green- 
field, from  a  gradual  obliteration  of  the  small  arteries  entering  the  mass 
by  the  process,  already  described,  of  proliferation  of  the  endothelium  and 
thickening  of  the  external  coat.  Probably  also  the  pressure  of  the  new 
cells,  closely  packed  together,  obstructs  the  circulation  through  the  capil- 
laries. As  a  result  of  the  starving  of  the  new  tissue  thus  brought  about 
fatty  degeneration  takes  place.  The  cells  wither  ai»d  become  filled  with 
fat  granules,  and  finally  are  represented  merely  by  fatty  debris,  amongst 
which  the  individual  elements  are  not  recognizable.  The  intercellular 
tissue,  Avhen  fibrillated,  undergoes  but  little  change,  and  thus  the  caseous 
mass  retains  a  considerable  degree  of  toughness,  very  different  from  that 
of  yellow  tubercle.  The  caseation  may  follow  very  closely  on  the  gi'owth  ; 
but  Avhile  groAving  a  gumma  is  always  suiTOunded  by  a  zone  of  cell-infil- 
tration of  the  neighbouring  connective  tissue,  with  vessels  of  new  forma- 
tion amongst  the  cells.  The  caseatcd  centre  of  an  old  gumma  often  contains 
crystals  of  cholesterine.  Gummata  vary  somewhat  in  consistence  according 
to  the  degree  of  fibrillation  of  the  intercellular  substance.  In  some  cases 
mucous  softening  seems  to  take  place  and  the  gumma  may  be  almost  gela- 
tinous in  consistence. 

The  ultimate  fate  of  a  gumma  varies  in  different  parts  and  under  dif- 
ferent circumstances.  Even  after  caseation  and  partial  softening  it  may, 
under  proper  treatment,  be  completely  absorbed,  leaving  a  dcpi-essed  fibrous 
cicatrix  behind  it.  In  other  cases,  especially  in  gummata  of  the  subcu- 
taneous tissue,  bone  and  muscle,  softening  takes  place,  followed  by  suppura- 
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tion  round  the  softened  mass.  The  pus  finally  reaches  the  surface,  and 
the  tissue  of  the  i>-uniina  is  cast  off  as  a  slough.  The  sloug-h  is  tenacious 
and  slow  to  separate  even  after  the  pus  has  been  dischari>-cd.  It  has  T)een 
very  aptly  compared  to  a  piece  of  wet  wash-leather.  In  this  it  differs 
entirely  from  caseated  tubercle,  which,  when  under  similar  circumstances, 
forms  a  granular  mass  which  can  be  readily  scraped  away  with  a  sharp 
spoon.  In  the  liver,  testicle  and  brain  growth  may  cease,  and  the  surrounding 
zone  of  oell-infiltration,  instead  of  degenerating,  may  be  developed  into  a 
fibrous  capsule,  which  may  enclose  the  caseated  mass  and  comjiletely  encyst 
it.  In  this  condition  it  may  remain  permanently  without  causing  further 
mischief.    Calcification  occasionally  takes  place,  but  is  far  from  common. 

A  fully  developed  gumma,  free  from  softening,  presents  to  the  naked  eye  on 
section  the  following  appearances.  The  cut  surfiice  is  smooth,  of  a  pale  straw 
yeUow  colour,  of  tough  consistence,  and  on  scraping  yields  but  a  small  amount 
of  granular  debris,  sometimes]  scarcely  any.  Though  its  outline  is  tolerably 
well  defined,  it  can  always  be  seen  that  the  gi'owth  is  not  circumscribed,  but 
is  surrounded  by  a  greyish  semi-transparent  or  opaque  zone  infiltrating  the 
suiTOunding  tissues,  and  often  sending  processes  in  various  directions  along 
the  lines  of  the  vessels  for  some  distance.  The  organ  in  which  it  is  situated 
is,  in  many  cases,  the  seat  also  of  general  interstitial  fibroid  induration. 

From  the  above  description  it  will  be  seen  that  a  gumma  resembles  tubercle 
in  being  a  new  growth  of  the  type  of  granulation-tissue,  jDroue  to  early  fatty 
degeneration,  followed  often  by  softening  and  elimination  by  suppuration.;  It 
differs  from  tubercle  in  being  vascular  during  the  whole  stage  of  evolution,  in 
its  capability  of  being  absorbed  or  of  undergoing  a  de^•elopment  in  part  into 
fibrous  tissue,  in  the  toughness  of  its  tissue,  and  in  the  absence  of  the  charac- 
teristic tubercle  follicle  or  nodule,  with  its  giant-cell,  epithelioid  cells, 
lymphoid  corpuscles,  and  reticulated  stroma. 

Clinically  in  those  parts  in  which  a  gunnna  comes  under  the  observation  of 
the  Surgeon,  it  forms  an  indolent  tumour  of  slow  growth,  often  accompanied 
by  a  good  deal  of  aching  pain.  If  superficial  it  slowly  a])])roaches  the 
cutaneous  surface,  the  skin  becomes  adherent,  and  then  dusky  red.  The 
mass  softejis  and  fluctuates  distinctly,  and  an  opening  forms  from  which  some 
thin  unhealthy  pus  escapes.  This  gradually  increases  in  size  by  ulceration  in 
many  cases,  till  the  .whole  reddened  skin  is  destroyed.  The  tissue  of  the 
gumma  is  seen  as  an  adherent,  tough  slough,  like  a  piece  of  Avet  wash-leather, 
which  slowly  separates  ;  the  cavity  becomes  lined  with  healthy  granulations, 
an^  heals  without  difficulty,  leaA'ing  a  deep  cicatrix.  If  a  bono  be  affected! 
a  carious  patch  is  left,  sometimes  complicated  by  the  presence  of  sequestra 
of  varying  size.  Small  gummata,  not  more  than  one-quarter  of  an  inch  in 
diameter,  may  form  in  the  cutis  vera,  and  afterwards  soften  and  run  the  same 
course  as  deeper  and  larger  gi-owth  of  the  same  kind.  In  this  situation  they 
form  the  skin  disease  known  as  iuhercular  syphilidc.  Gummata  do  not 
necessarily  cause  any  enlargement  of  the  neighbouring  lymphatic  glands, 
though  this  may  occur  when  softening  and  suppuration  arc  taking  ])Iace. 

Gummata  will  be  further  referred  to  with  the  organs  in  which  tlicy  arc  met 
with. 

Gummata  have  been  occasionally  met  with  in  an  early  stage  of  svphilis 
and  some  authorities  have  maintained  that  the  processes  concerned' in  the 
formation  of  a  gumma  differ  in  no  essential  respect  from  these,  occurrin"-  in 
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the  induration  round  the  primary  sore  and  in  the  lymphatic  glands.  There 
is,  however,  one  essential  difierence — the  discharges  from  softening  gummata 
are,  so  far  as  is  known,  not  iufuctive,  conseiiuently  it  seems  probable  that  the 
specitic  yirns  of  syphilis  is  not  jjreseut  in  them.  It  has  therefore  been 
suggested  that  the  changes  in  the  vessels,  the  diffuse  overgrowth  of  interstitial 
tissue  of  organs,  and  the  formation  of  gunnnata,  are  not  the  direct  effect  of  the 
virus,  but  are  due  to  some  modification  of  the  mode  of  growth  and  nutrition 
of  the  tissues,  impressed  upon  them  by  the  poison  while  it  was  active  in  the 
system.  The  unsymmetrical  character  of  the  later  eruptions  would  indicate 
that  they  are  not  dependent  on  an  active  virus  circulating  in  the  blood-stream. 
At  present  we  have  not  sufficient  knowledge  of  the  nature  of  the  virus  of 
syphilis,  or  of  its  mode  of  action,  to  render  these  speculations  of  any  real  value. 

Prognosis. — The  severity  and  form  of  the  manifestations  which  follow  con- 
tagion are  very  various.  Diday  states  that  in  1)3  cases  treated  by  him  without 
specifics,  7  suffered  only  from  a  single  eruption  on  the  skin,  and  after  that 
showed  uo  further  signs  of  the  disease  ;  in  53  the  disease  lasted  from  ten  to 
eleven  months,  with  eruption  on  the  skin  and  mucous  membranes,  occurring 
irregularly  with  repeated  relapses  ;  29  suftered  from  severe  cutaneous  erup- 
tions, periostitis,  iritis,  &c.,  the  average  duration  of  the  disease  being  twenty 
months  ;  and  in  4  only  did  the  disease  assume  a  grave  form  with  early  appear- 
ance of  tertiary  symptoms.  Berkeley  Hill  considers  that  these  statistics  form 
a  valuable  index  of  the  natural  course  of  syphilis. 

The  Circumstances  influencing  the  Progress  of  the  disease  are  chiefly 
the  following  : — 

Age. — Other  things  l)eing  ecpial,  the  disease  runs  the  mildest  course  in 
young  adults.  Infants  suffer  more  severely,  and  after  middle  life  syphilis  is 
very  apt  to  prove  intractable.  According  to  some  authorities,  it  is  practically 
incurable  if  contracted  after  forty,  the  patient  being  constantly  troubled  by 
relapses  for  the  remainder  of  his  life. 

8e.v. — Females  are  apt  to  suffer  severely,  because,  from  the  more  concealed 
situation  of  the  primary  sore,  they  often  do  not  come  under  treatment  till  the 
secondary  symptoms  are  fully  developed.  Pregnancy  usually  aggravates  the 
course  of  the  disease. 

Personal  Habits  and  SarroumUn/js  exert  a  considerable  influence  on  the 
course  of  syphilis.  The  disease  is  seen  in  its  Avorst  forms  amongst  those  Avho 
suffer  from  insufficient  food,  clothing  and  washing,  and  are  addicted  to 
alcoholic  excesses.  In  a  young  adult  of  sound  constitution,  who  leads  a  health 
and  steady  life,  Avith  plenty  of  out-door  exercise,  syphilis  is  very  rarely 
followed  by  any  of  its  graver  consequences,  and  usually  ceases  to  give  rise  to 
any  symi^toms  in  about  one  year. 

The  sfafe  of  the  patient's  health  also  determines  to  a  great  extent  the  kind 
of  attack  he  will  undergo.  In  scrofulous  or  tuberculous  subjects  the  disease 
usually  runs  a  severe  course,  and  tertiary  ulcerations  are  very  prone  to  occur. 
In  gouty  subjects  the  skin  eruptions  are  very  apt  to  relapse,  and  periostitis 
is  common.  Rheumatism  also  is  said  to  render  the  patient  prone  to  inflam- 
mations of  bones  and  iritis  during  the  progress  of  syphihs.  Disease  of  the 
kidneys  is  always  a  most  serious  complication. 

After  the  symptoms  of  the  disease  have  subsided,  they  may  again  be  called 
into  activity  by  any  cause  which  seriously  impairs  the  general  health.  It  is 
remarkable  for  how  long  a  time  the  syphilitic  poison  will  continue  dormant  in 
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the  constitution  witliout  producing-  any  local  manifestation  of  its  existence, 
until  this  is  developed  under  the  influence  of  a  broken  state  of  health.  I  liaTc 
had  under  my  care  an  extremely  severe  case  of  constitutional  syphilis, ^  in 
which  twelve  years  elapsed  after  the  occurrence  of  the  primary  disease,  during- 
the  whole  of  which  time  no  secondary  affection  was  observed  until  the 
patient's  health  gave  way  from  other  causes.  And  I  have  also  had  under  my 
care  an  officer,  in  whom  a  very  severe  form  of  constitutional  syphilis  occurred, 
for  the  first  time,  after  salivation  for  hepatic  disease,  five  years  after  the 
primary  sore  had  been  contracted — no  constitutional  manifestation  having 
attracted  the  patient's  notice  in  the  meanwhile.  Not  only  does  a  state  of  ill- 
health  hasten  the  occurrence  of  secondary  syphilis,  but  neglect  or  indifference 
to  its  existence  may  keep  it  up  indefinitely. 

That  the  treatment  of  the p-hnarn  sore  exercises  considerable  influence,  can- 
not be  doubted.  The  "severity  of  the  course  of  syphilis^  is,  I  believe,  materially 
lessened  by  a  mercurial  course,  if  that  course  be  properly  conducted. 

The  question  as  to  there  being  any  connection  between  the  nature  of  the 
pimary  sore  and  the  character  of  the  consecutive  constitutional  affection  has 
been  much  discussed,  and  very  different  opinions  have  been  entertained.  The 
generally  received  opinion  at  the  present  time  is,  that  no  safe  conclusions  as  to 
the  future  course  of  the  disease  can  be  drawn  from  the  appearance  of  the 
primary  sore.  Tertiary  symptoms  are,  in  fact,  frequently  met  with  in  patients 
Avho  have  not  a  trace  of  a  scar  left  by  the  primary  sore,  and  sometimes  even 
in  those  in  whom  the  initial  manifestation  has  been  so  slight  as  to  escape 
notice. 

The  cliarax^t^  of  the  secmidarij  symptoms  seems  to  give  a  much  more  valualile 
indication  of  the  probable  course  of  the  disease.  A  copious  early  squamous  or 
papular  eruption  is  believed  to  indicate  a  quick  course,  terminating  at  an  early 
period.  Those  cases  in  Avhich/the  skin  disease  persists  long  and  frequently 
relapses,  have  been  observed  to  suffer  but  rarely  from  visceral  affections.  It 
is  a  remarkable  fact,  noted  by  Lancereaux,  Berkeley  Hill,  and  Wilks,  that  a 
large  proportion  of  those  who  suffer  from  visceral  syphilis  have  passed  through 
a  very  mild  secondary  stage,  often  so  wanting  in  symptoms  as  to  be  scarcely 
recognizable.  This  fact  is  particularly  noticeable  in  tertiary  syphiloma  of  the 
nervous  system.  It  must  not  be  concluded,  however,  from  these  tacts  that 
severe  tertiary  symptoms  must  necessarily  follow  a  mild  secondary  stage.  It 
is  only  when  the  tertiary  symptoms  appear  that  their  severity  may  be  said  to 
be  in  the  inverse  ratio  to  that  of  the  secondary.  In  the  great  majority  of 
cases  a  mild  secondary  stage,  wdien  it  occurs,  forms  the  end  of  the  disease. 
Berkeley  Hill  states,  that  marked  general  glandular  enlargement  is  a  bad  sign, 
being  usually  accompanied  by  anemia  and  general  debility. 

Death  from  syphilis,  directly,  during  its  secondary  stage  is  practically  un- 
known. The  disease  kills  more  often  by  its  tertiary  manifestations,  such  as 
the  development  of  gummata  in  the  central  nervous  system  or  liver.  Gowers 
is  of  the  opinion  that  locomotor  ataxy  is  most  common  in  patients  who  have 
suffered  from  constitutional  syphilis.  Many  aneurisms  are  believed  to  be  due 
to  syphilitic  changes  in  the  vessels.  The  proportion  of  cases,  however,  in 
which  syphihs  even  indirectly  shortens  life  is  so  small  that  it  is  not  considered 
necessary  to  make  any  addition  to  the  premium  charged  for  life-insurance,  be- 
cause a  patient  has  passed  through  an  attack  of  syphilis,  unless  some  dcfi'nitc 
tertiary  symptoms  are  present. 
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Duration  of  Syphilis. — It  is  extremely  difficult  to  say  when  syphilis  can 
be  ei-adicated  from  the  system  ;  and  indeed  it  is  a  question  whether  it  may  not 
impress  the  constitution  in  a  peculiar  way,  modifying  certain  processes  during 
the  rest  of  life,  as  we  know  to  be  the  case  in  other  specific  diseases,  such  as  cow- 
pox  or  searlet-fcA  er.  Certain  it  is  that,  if  neglected  or  improperly  treated,  it  may 
iiffect  the  system  for  an  indefinite  time,  declaring  its  existence  by  exciting  and 
modifying  various  local  inflammatiouB  years  after  the  original  absorption  of 
the  poison.  It  is  tolerably  clear  that  a  person  who  has  once  liad  the  usual  course 
of  syphilis  and  has  recovered  from  this  malady,  cannot  have  it  a  second  time, 
though  he  contract  a  fresh  chancre.  This  rule  is  from  time  to  time  proved  to 
be  generally  true  by  the  occasional  observations  of  undoubted  exceptions, 
•where  repetition  of  the  disease  from  re-inoculation  of  the  A'irus  takes  place. 
But  such  cases  are  exceedingly  rare,  and  occur  only  after  an  interval  of  some 
years  has  elapsed  between  the  two  attacks.  Hutchinson  has  related  a  very 
interesting  example  of  this  kind  in  a  medical  student,  who  also  suflFered  from 
two  attacks  of  small-pox.  Daily  experience  shows  that  in  many  constitutions 
syphilis  cannot  be  eradicated,  and  that  in  most  others,  when  once  it  has  oc- 
curred, it  is  apt,  even  when  apparently  cured,  to  modify  certain  cutaneous  and 
other  affections  in  a  remarkable  manner,  after  a  lapse  of  many  ^^ears  ;  showing 
clearly  that,  if  the  poison  no  longer  exist  in  the  system,  the  constitution  has 
received  a  peculiar  impress  from  it,  Avhich  it  is  long  in  losing.  Sir  E.  Wilson 
attributes  many  of  the  ordinary  non-specific  cutaneous  diseases  to  the  latent 
influence  of  constitutional  syphilis. 

Treatment. — The  treatment  of  the  primary  stage  of  the  disease  is  local 
and  constitutional. 

Local  Treatment,  which  is  as  a  rule  all  that  is  required  in  the  simple 
chancre,  is  of  comparatively  little  importance  in  the  true  syphilitic  sore,  the 
causes  of  the  local  manifestation  being  beyond  the  reach  of  any  direct  applica- 
tion. If  the  initial  manifestation  assumes  the  form  of  the  desquamating 
papule  every  effort  must  be  made  to  prevent  its  ulcerating  by  the  application 
of  some  simple  non-imtating  substance,  such  as  vaseline,  to  protect  it  from 
iritating  secretions  and  friction.  Attention  to  cleanliness  by  frequent  washing 
is  also  essential.  If  an  indurated  sore  forms,  iodoform,  which  is  of  such  singular 
benefit  in  the  simple  chancre,  will  be  found  of  little  use.  Attention  to  cleanli- 
ness, the  avoidance  of  all  imtating  dressings,  and  the  application  of  a  piece  of 
lint  soaked  in  black  wash  will  be  found  in  most  cases  to  be  all  that  is  necessary. 
Caustics  are  never  required,  and  always  injurious.  It  has  been  recommended 
by  Ausspitz  and  others  to  excise  the  sore.  This  treatment  was  founded  on  the 
theory  that  the  virus  may  be  still  localized  at  the  seat  of  infection,  and  that 
by  removing  the  initial  manifestation  the  further  progress  of  the  disease  may 
be  arrested.  Experience  has  shown  that  it  docs  not  produce  the  desired  efi'ect, 
a  fact  which  confirms  the  view  that  the  induration  of  the  sore  is  in  fact  the 
first  sign  of  constitutional  alFection. 

Should  the  sore  assume  a  phagedasnic  form,  it  must  be  treated  as  already 
described  (p.  1074). 

The  Constitutional  Treatment  of  f»rimaiy  syphilis  need  not  be  sciVaratcd 
from  that  of  the  secondary  stage,  as  the  same  remedies  that  favour  the  healing 
of  the  initial  manifestation  exercise  a  beneficial  influence  on  the  secondary 
affections.  The  constitutional  treatment  of  syphilis  has  undergone  various 
changes  according  to  the  prevailing  doctrine  of  the  day.    It  had  been  decided 
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by  tlie  Surgeons  of  the  last  and  early  part  of  tin's  centmy,  that  mcrcuiy 
acted  as  a  specific  against  the  syphilitic  poison.  This  docrine  Avas  so  firmly 
estabhshed,  that  Hunter,  and  many  of  the  great  Surgeons  of  his  school 
looked  on  the  curability  of  a  sore  without  mercury  as  a  proof  that  it  Avas  not 
syphilitic. 

About  the  commencement  of  this  centuiy,  howes-er,  it  was  found  by  obser- 
vations of  the  Army-Surgeons,  amongst  Avhom  Eose  took  a  principal  share 
in  the  in(]uiry,  that  the  ditlerent  forms  of  venereal  ulcer  (no  distinction  being 
then  drawn  between  the  local  non-infecting  sores  and  the  ulcers  which  resulted 
from  the  contagion  of  the  constitutional  disease)  were  curable  without  the 
necessity  of  administering  mercury,  or  indeed  of  having  recourse  to  any 
specific  treatment  whatever.  These  observations,  which  appear  to  be  founded 
on  what  was  witnessed  in  Spain  and  Portugal  during  the  Peninsular  War, 
led  to  the  introduction  of  an  important  modification  in  the  treatment  of 
venereal  sores  ;  viz.,  the  mn-mercnrial  or  simjjJe  plan,  as  it  is  termed  ;  a  mode 
of  practice  that  obtained  great  favour  and  was  extensively  tried.  On  the 
definite  separation  of  the  simple  non-infecting  chancre  from  the  true  syphilitic 
sore,  however,  a  reaction  took  i^lace  in  the  miiids  of  most  Surgeons,  and 
mercmyisnow  almost  invariably  emjjloyed  in  the  treatment  of  the  latter,  and 
is  administered  more  moderately  and  scientifically,  and  consequently  more 
successfully,  than  before. 

The  arguments  in  the  favour  of  the  non-mercurial  plan  of  treatment  are 
briefly  these  :  that  by  this  system  of  treatment  the  constitution  of  the  patient 
is  saved  the  introduction  of  a  mineral  which  occasionally  acts  injuriously, 
and  which,  as  the  disease  can  be  cured  without  it,  may  at  all  events  be  looked 
upon  as  unnecessary  ;  that  secondary  affections  less  frequently  follow  this  plan 
than  they  do  the  administration  of  mercury  ;  and,  lastly,  that  those  distressing 
cases  of  constitutional  syphilis  which  are  common  after  mercurial  courses,  and 
which  are  said  to  depend  upon  a  peculiar  combination  of  the  syphilitic  poison 
with  the  mineral  in  the  system,  are  never  met  with  in  persons  who  have  under- 
gone the  simple  treatment.    These  arguments,  however,  on  closer  examination 
and  further  experience,  have  been  proved  to  be  not  quite  so  conclusive  as  the 
supporters  of  the  simple  treatment  appear  to  believe.    I^efore  the  simple  sore 
was  clearly  distinguished  fi-om  the  initial  manifestation  of  syphilis  the  early 
healing  of  the  chancre  and  the  absence  of  secondary  symptoins  after  it  were 
taken  as  evidence  of  the  efficacy  of  the  non -mercurial  treatment  of  syphilis. 
]^ow  that  the  two  forms  of  sore  are  clearly  separated  from  each  other  this  fact 
has  of  course  no  bearing  on  the  question,  and  experience  has  undoubtedly  shown 
that  although  the  true  indurated  sore  will  heal  in  time  without  the  administra- 
tion of  mercury,  yet  the  process  of  cicatrization  is  slow  and  often  imperfect, 
the  scar  readily  breaking  down  again  for  some  time  after  apparent  healino- '; 
whereas  if  mercury  be  given  the  healing  is  rapid  and  permanent.    This  Is', 
however,  but  a  small  pai-t  of  the  question.    It  is  a  most  serious  error  to  con- 
found the  healing  of  ulcers  with  the  cure  of  syphilis.    The  cicatrization  of  an 
ulcer  and  neutralization  of  the  virus  are  two  distinct  things  ;  and  the  test  of 
the  relative  value  of  these  two  plans  of  treatment  must  depend  rather  on  the 
influence  they  have  over  the  course  of  syphilis,  and  on  the  character  that  the 
symptoms  assume  under  one  or  other  of  these  methods,  than  on  the  mere  skinnino- 
over  of  the  ulcer.    I  cannot  agree  with  the  statement  that  secondary  symptoms 
are  legs  frequent  after  the  simple  than  after  the  mercurial  treatment     In  fact 
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since  the  separation  of  the  simple  chancre  from  the  true  syphihtic  sore  tlie 
fiict  has  become  clearly  recognized  that  no  mode  of  treatment  can  prevent  the 
appearance  of  secioiidary  symptoms ;  mercnry  may  diminish  their  severity  or 
delay  their  appearance,  but  constitutional  syphilis  nnist  unavoidably  follow 
the  indurated  sore,  though  sometimes  the  symptoms  may  be  so  slight  as 
almost  to  escape  detection. 

I  have  seen  the  non-mercurial  plan  of  treatment  very  extensively  employed 
at  University  College  Hospital ;  indeed,  it  was  formerly  almost  invariably 
practised  there,  more  particularly  in  the  syphilitic  cases  occurring  among 
the  out-patients  under  Morton,  who  strongly  advocated  it ;  and  I  have  had 
repeated  occasion  to  observe  the  frequency  with  which  it  was  followed  by 
secondary  symptoms.  In  private  practice,  also,  I  have  had  considerable  op- 
portunities of  comparing  the  two  methods,  and  I  can  safely  say  that  I  have 
seen  the  simple  treatnrent  more  fre({uently  followed  by  Avell-marked  secondary 
symptoms  than  the  mercurial  plan  has  been  when  properly  and  judiciously 
employed.  The  supporters  of  the  non-mercurial  treatment,  when  obliged  to 
admit  the  great  frequency  with  which  it  is  followed  by  secondary  symptoms, 
argue  that  these  are  less  severe  after  the  simple  than  after  the  mercurial  plan; 
and  theystate  somewhat  dogmatically,  and  it  appears  to  me  without  any  evidence 
to  support  their  statement,  that  mercury  and  syphilis  together  form  a  sort  of 
poisonous  compound  in  the  system,  which  produces  the  worst  and  most  destruc- 
tive forms  of  constitutional  syi3hilis.  I  deny  entirely  that  we  have  any 
proof  of  the  existence  of  such  a  combination  as  that  which  is  supposed  to  be 
produced  by  syphilis  and  mercury ;  no  evidence  with  which  I  am  acquainted 
has  ever  been  induced  in  support  of  the  formation  of  such  a  poison  in  the 
system.  It  is  doubtless  true  that,  after  an  ill-regulated  mercurial  course,  con- 
stitutional syphilis  of  a  very  severe  character  may  occasionally  appear  ;  but  this 
seems  to  me  to  be  rather  owing  to  mercury  having  been  improperly  administered 
in  constitutions  that  will  not  bear  it,  and  in  which,  by  the  induction  of  a 
cachectic  and  depraved  condition  of  the  system,  it  favours  the  occurrence  of 
some  of  the  more  severe  forms  of  secondary  syphilis,  in  the  same  way  that  any 
other  lowering  plan  of  treatment,  or  simple  debility,  might  occasion  them,  but 
without  the  exercise  of  any  specifically  injurious  influence.  Some  of  the  worst 
fonns  of  constitutional  syphilis^that  I  have  seen,  occurred  in  patients  to  whom 
no  mercnry  had  been  administered,  but  in  whom  the  syphilitic  virus  had  been 
allowed  to  exercise  its  influence  unchecked,  save  ])y  the  S(j-called  simple  treat- 
ment. I  have  seen  the  body  covered  by  immense  ecthyniatous  crusts  and  sores 
in  one  case,  rupial  ulcers  with  destruction  of  the  nose  and  palate  in  another, 
the  worst  kind  of  syphilitic  cachexy  with  the  tuberculo-pustular  syphilide  in 
a  third,  and  extensive  disease  of  the  cranial  bones  and  the  clavicle  in  a  fourth  ; 
in  none  of  which  had  any  mercury  been  administered. 

But,  though  I  cannot  admit  that  the  supporters  of  the  simple  or  non-mer- 
curial treatment  of  syphilis  have  brought  forward  any  proof  of  its  superiority 
over  the  mercurial  plan,  and  though  my  own  experience  has  taught  me  that 
secondary  symptoms  occur  after  it  with  no  less  severity  than  they  do  when 
mercury  is  carefully  and  judiciously  administered,  yet  I  am  quite  ready  to 
allow  that  there  are  certain  conditions  of  syphilis  in  which  the  non-mercurial 
treatment  alone  is  admissible,  the  state  of  the  constitution  or  the  disease  being 
such  that  mercury  cannot  be  given  in  any  form.  In  these  cases  such  a  treat- 
ment must  be  adopted,  in  accordance  with  ordinary  medical  principles,  as  will 
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tend  to  impi'ove  the  general  condition.  It  is,  indeed,  especially  in  individuals 
of  an  unhealthy  or  strumous  habit  of  body,  or  in  those  who  are  suffering  from 
local  visceral  disease  of  some  kind,  especially  Bright's  disease,  or  Avhose  powers 
have  been  broken  by  habitual  dissipation,  that  this  plan  of  treatment  should 
be  adopted.  So  also  in  those  vdio,  from  the  nature  of  their  occupations,  are  sub- 
jected to  mucli  exposure  to  wet  and  cold,  a  mercurial  course  cannot  be  properly 
or  safely  administered,  and  the  simple  treatment  is  most  advisable.  In  all 
other  cases,  I  am  certainly  of  opinion  that  mercury  ought  to  be  adminis- 
tered ;  and  this  opinion  appears  to  be  entertained  by  the  most  experienced 
Surgeons  of  the  day  in  this  country  and  abroad. 

The  first  question  in  connection  with  the  employment  of  mercury  in  sj^hilis 
has  reference  to  the  principle  on  which  this  remedy  is  administered.  Whether 
mercury  exercises  a  specific  action  over  the  poison  of  syphilis  or  not,  has  been 
much  discussed,  and  is  difficult  of  proof.  I  certainly  think  that  it  docs  act 
as  a  specific  in  syphilis,  but  that  this  action  is  much  influenced  by  the 
condition  of  the  system,  the  habits  of  the  patient,  and  the  mode  of  admin- 
istering the  remedy  ;  these  conditions  under  certain  circumstances  tending  to 
counteract  or  otherwise  to  interfere  Avith  its  operation.  That  mercury  is 
antagonistic  to  the  syphilitic  poison,  appears  evident  from  the  fiict  that  in 
some  instances  hard  sores  will  not  heal  unless  it  be  given  internally  ;  from 
its  influence  in  speedily  curing  infantile  syphilis  and  preventing  after-manifes- 
tations in  the  system  ;  and  from  the  fact  that,  when  properly  administered  in 
healthy  constitutions,  it  may  almost  to  a  certainty  be  expected  to  dissipate  the 
various  symptoms  of  constitutional  syphilis.  When  it  fails,  as  it  doubtless 
does  in  many  cases,  to  prcA'ent  severe  constitutional  symptoms,  the  failure  may 
usually  be  traced  either  to  want  of  care  in  the  administration  of  the  medicine, 
or  to  the  existence  of  an  impaired  state  of  the  patient's  health.  The  essential 
practical  point  in  the  treatment  of  primary  syphilis  by  mercury  is  to  keep 
the  patient  under  a  prolonged  and  mild  course,  rather  than  a  short  and 
active  one. 

Administration  of  Mercury  in  Syphilis. — In  discussing  this  question 
the  following  points  require  consideration.  1.  The  cases  in  which  mercury  is 
inadmissible.  2.  Cases  in  Avhich  it  is  required.  3.  The  effects  of  mercury 
and  the  degree  to  which  its  use  should  be  pushed  in  treatment.  4.  Its  effect 
in  different  stages  of  the  disease,  5.  The  time  during  which  its  use  should  be 
continued.  6.  The  mode  of  administration.  7.  The  general  management  of 
the  patient  during  the  time  he  is  taking  the  drug. 

1-  Gases  in  tchich  mercury  is  inadmissible. — As  has  already  been  stated, 
mercury  cannot  he  safely  given  in  scrofulous  patients  or  in  those  suffering 
from  active  tubercular  disease.  It  is  especially  dangerous  in  all  forms  of 
Bright's  disease,  so  that  it  is  well,  if  there  be  any  suspicion  of  an  unhealthy 
state  of  the  kidneys,  to  examine  the  urine  for  albumen  before  commencing  to 
give  the  drug.  It  is  not  well  borne  by  those  also  Avho  are  exhausted  by 
habits  of  dissipation,  by  insuflScient  food,  or  by  bad  hygienic  surroundings. 
Lastly,  some  patients  are  peculiarly  intolerant  of  mercury,  apparently  from 
some  idiosyncrasy,  and  in  these  it  may  be  impossible  to  give  it  with  safety. 

2.  Cases  in  tvhirh  mercury  is  required.— There  is  no  doubt  that  the  natural 
tendency  of  syphilis  is  to  spontaneous  recovery  ;  this  has  been  clearly  proved 
by  the  effects  of  the  non-mercurial  treatment.  In  young  and  healthy  adults 
the  great  majority  of  cases  would  probably  escape  any  serious  symptoms  if  left 
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without  treatment.  It  is  equally  certain,  however,  that  mercury  shortens  the 
stages  and  lessens  the  severity  of  the  disease,  and  that  if  carefully  administered 
cannot  do  any  harm.  The  administration  of  mercury  is  therefore  advisable  in 
every  case  of  syphilis  in  which  its  use  is  not  contra-indicated  by  one  of  the 
conditions  above  mentioned.  As  age  increases,  its  use  becomes  more  essential, 
for,  as  before  stated,  the  disease  becomes  more  obstinate  in  proportion  to  the 
age  of  the  patient  at  the  time  of  infection. 

3.  Tlip  (jmeral  effects  of  mercury,  and  the-  ileijree  to  vliicJi,  it  should  he  pushed 
■in  treatment. — The  observations  of  Liegeois,  Hughes  Bennett,  and  Keyes, 
show  that  mercury  administered  to  a  healthy  subject  in  very  small  doses  acts 
iis  a  tonic.  Under  its  influence  the  red  corpuscles  increase  in  number,  and  in 
animals  a  gain  in  weight  has  been  noted.  In  larger  doses  it  diminishes  the 
red  corpuscles.  In  syphilis,  in  which  the  red  corpuscles  are  diminished  in 
number,  it  causes  an  increase  if  administered  in  moderate  doses.  All  forms  of 
mercury  administered  by  the  mouth  tend  to  act  upon  the  bowels,  and  unless 
this  tendency  is  checked,  the  desired  alterative  efl'ect  is  not  easily  produced. 
The  most  marked  sign  of  the  action  of  mercury  is  the  efl'ect  upon  the  gums 
and  mouth.  The  first  sign  that  the  drng  is  afiFecting  the  constitution  is  the 
appearance  of  a  red  line  along  the  gums,  close  to  the  teeth  ;  there  is  at  the 
Sixme  time  a  slight  sense  of  tenderness  on  biting  any  hard  substance.  In  the 
present  day  the  administration  of  mercmy  is  not  pushed  heyond  this  point, 
and  in  the  primary  stage  of  syphilis,  it  is  not  even  necessary  in  most  cases  to 
carry  it  so  far  before  its  good  effects  are  apparent  on  the  sore.  Should  the 
drug  be  pushed  further,  either  intentionally  or  accidentally,  the  swelling  in- 
creases ;  the  gums  become  soft  and  spongy,  and  overhang  the  teeth  ;  the 
tongue  swells,  so  as  to  show  the  impression  of  the  teeth  along  its  sides,  and  it 
becomes  covered  with  a  thick  fur.  The  breath  becomes  offensive,  and  there 
is  an  increased  flow  of  saliva,  and  a  metallic  taste  in  the  mouth.  This  con- 
dition of  '-'mercurial  sativation"  was  in  former  times  regarded  as  tlie  proper 
ett'ect  to  be  obtahied  by  the  administration  f  the  drug.  In  the  present  day  it 
is  regarded  as  an  evil  to  be  carefully  avoided.  If  the  drug  be  pushed  still 
further,  the  teeth  may  be  loosened,  and  fall  out  ;  the  gums  and  tongue  may 
become  ulcerated,  and  acute  inflammation  may  take  place  in  the  salivary 
glands.  At  the  same  time  there  may  be  considerable  febrile  disturbance. 
The  effects  produced  by  mercury  vary  very  greatly  in  different  individuals,  a 
dose  which  would  salivate  one  patient  producing  no  effect  on  another.  In  the 
administration  it  is  necessary,  therefore,  in  all  cases,  to  begin  with  a  small 
quantity,  which  may  be  gradually  increased  till  the  patient's  dose  is  ascer- 
tained. When  symptoms  of  salivation  set  in,  the  mercury  must  be  imme- 
diately discontinued.  A  brisk  saline  purge  may  be  given,  and  the  mouth 
must  be  Avashed  with  a  strong  alum  or  chlorate  of  potash  gargle  (10  to  15  grs. 
to  the  ounce  of  water). 

In  the  treatment  of  syphilis  the  efl'ect  upon  the  primary  sore  is  often  a 
useful  guide  in  the  administration  of  mercury.  If,  under  the  influence  of  a 
certain  dose,  the  sore  rapidly  assumes  a  healthy  appearance  and  begins  to 
heal,  it  may  be  taken  for  granted  that  that  quantity  is  sufficient  to  act  bene- 
ficially on  the  patient,  and  it  may  be  adhered  to  during  the  whole  course,  even 
if  it  does  not  aff'ect  the  gums,  uuless  special  circumstances  require  an  increase. 
In  fact,  it  is  better  in  all  cases  to  be  guided  rather  by  the  effect  on  the  disease 
than  by  the  effect  on  the  gums.    Swollen  gums  show  that  the  hmit  of  safety 
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has  been  reached  ;  if  the  symptoms  are  relieved  witliout  affecting  the  mouth, 
so  much  the  better.  There  is  no  evidence  that  any  tolerance  of  the  drng  is 
acquired  by  its  jirolonged  administration. 

4.  The  effects  of  niercunj  in  tlie  different  stages  of  sijpldlis. — The  effect  of  the 
drug  on  the  primary  sore  is  almost  invarialjly  very  distinctly  marked,  and  mani- 
fests itself  usually  before  the  gums  are  affected.  The  hardness  round  the  sore 
becomes  less  intense  and  less  sharply  defined.  The  smooth  pale  surface 
becomes  of  a  healthy  red  colour,  granulations  spring  up,  often  of  a  florid  tint, 
and  bleeding  readily  ;  the  thin  serous  discharge,  characteristic  of  the  typical 
hard  sore,  is  replaced  by  pus,  and  by  the  end  of  a  week  or  ten  days  the  indu- 
rated chancre  has  assumed  the  appearance  of  a  healthy  granulating  sore.  As 
these  changes  take  place,  the  sore  usually  becomes  more  tender  and  painful, 
and  the  patient  may  become  alarmed  at  what  to  him  seems  a  change  for  the 
worse.  The  induration  at  the  base  of  the  sore  is  not  usually  absorbed  for 
many  weeks  after  the  surface  has  been  covered  by  new  epithelium.  Simul- 
taneously with  the  softening  of  the  induration,  the  glands  in  the  groin 
become  smaller,  but  they  do  not,  as  a  rule,  reach  their  normal  size  and  con- 
sistence till  long  after  the  sore  is  healed. 

The  influence  of  mercury  is  not,  in  all  cases,  so  unmistakeable  in  the  second- 
ary stage  ;  but,  in  most  cases,  it  is  evident  enough.  The  rashes  fade  or  diminish 
in  abundance,  or  may  even  be  entirely  prevented,  and  the  sore  throat  subsides 
under  the  influence  of  the  drug.  It  may  be  necessary,  however,  to  push  the 
administration  till  the  gums  are  distinctly  affected  l)efore  the  effect  is  pro- 
duced. In  the  tertiary  stage  its  effect  is  far  less  certain,  and  the  state  of  the 
patient's  health  is  frequently  such  as  to  contra-indicate  its  administration. 
As  a  rule,  it  should  not  be  given  unless  other  means  have  failed,  when  it  will 
sometimes  be  found  to  produce  excellent  effects  if  carefully  administered. 

T).  21ie  time  during  wliich  mercury  should  he  continued.— administration 
of  mercury  should  commence  as  soon  as  the  nature  of  the  disease  is  recoir- 
iiised,  aud  be  steadily  continued  while  the  secondary  symptoms  are  making 
their  appearance.  Even  if  no  secondary  signs  appear,  it  is  better  to  continue 
the  administration  uninterruptedly  for  from  four  to  six  months,  after  which 
an  interval  may  be  allowed.  In  a  young  subject,  if  no  signs  of  the  disease  are 
present,  its  use  may  then  be  abandoned,  and  not  renewed  unless  some  fresh 
symptoms  appear.  In  older  patients  it  is  safer  to  continue  the  administration 
of  mercury  for  a  year,  allowing  intervals  now  and  then  during  the  treat- 
ment. The  patient  must  be  carefully  watched,  and  if  any  signs  of  depression 
from  the  use  of  the  drug  become  apparent,  its  use  must  be  at  once  suspended. 
If  there  be  much  febrile  disturbance  immediately  before  the  outlireak  of  the 
secondary  symptoms,  it  is  advisable  in  some  cases  to  withhold  the  drug  for  a 
few  days. 

6.  Mode  of  admimstration. — Mercury  may  be  administered  in  four  ways  : 
(a.)  by  the  mouth  ;  {Jj.)  by  inunction  ;  (c.)  by  subcutaneous  injection  ;  or 
{d.)  by  fumigation. 

(a.)  By  the  This,  being  the  most  convenient  method,  is  usually 

adopted.  As  mercurial  preparations  are  mostly  purgative,  it  is  necessary,  in 
most  cases,  to  add  a  small  quantity  of  opium,  to  prevent  this  action.  In 
the  treatment  of  any  given  case,  it  is  necessary  to  ascertain  what  preparation 
has  least  tendency  to  purge  the  patient,  what  amount  of  opium  is  required 
just  to  neutralize  the  purgative  tendency  without  causing  constipation  or 
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headache,  and  what  dose  is  required  to  produce  the  desired  effect  on  the 
disease.  All  these  points  can  be  ascertained  only  b}''  observation  of  the  parti- 
cular case.  The  form  that  will  be  found  most  generally  useful  is  the  following  : 
^,  grey  powder,  gr.  j. ;  Dover's  powder,  gr.  j.;  extract  of  gentian,  q.  s.  to  make 
a  pill.  The  patient  may  begin  with  three  pills  a  day  for  three  days  ;  if  they 
give  rise  to  no  effects,  either  beneficial  or  the  reverse,  the  dose  may  be  in- 
creased to  four,  and  after  a  few  days  to  fwa,  if  necessary.  Six  are  very  rarely 
required.  If  the  pill  purges,  the  Dover's  powder  may  be  increased ;  if  it  consti- 
pates, it  must  be  diminished.  A  few  variations  usually  succeed  in  hitting  the 
exact  proportions  and  dose  suited  to  the  case,  and  the  prescription  may  then 
remain  unchanged  for  weeks  or  even  months.  The  ordinary  blue  pill  is  of 
the  same  strength  as  the  grey  powder,  and  may  be  given  instead  of  it,  if 
preferred  ;  but  it  is  slightly  more  apt  to  purge.  It  may  be  first  tried  alone, 
or  with  an  equal  quantity  of  extract  of  gentian,  in  gi-ain  doses,  three,  four,  or 
five  times  a  day.  If  necessary,  powdered  opium  or  Dover's  powder  is  added. 
In  patients  very  insusceptible  to  the  di-ug,  as  much  as  ten  grains  a  day  of  blue 
pill  can  sometimes  be  taken.  If  these  preparations  do  not  suit  the  patient, 
the  green  iodide  of  mercury,  in  doses  commencing  at  half  a  grain,  and 
gradually  increased  to  a  grain,  three  times  a  day,  may  be  employed.  It  should 
be  made  into  a  pill  with  extract  of  gentian,  and,  if  necessary,  a  sixth  to  a  third 
of  a  grain  of  extract  of  opimu  may  be  added.  The  only  objection  to  this 
preparation  is  that  it  may  decompose  the  red  iodide  and  free  mercury  being 
formed,  it  then  acts  much  more  powerfully,  and  may  salivate.  The  per- 
chloride  of  mercury,  or  the  bicyanide  may  sometimes  be  tried  if  the  foregoing- 
fail.  They  are  given  in  doses  of  from  to  yV  of  gi'^^iH)  made  up  into  pills 
with  sugar  of  milk  and  varnished.  Calomel  is  never  to  be  recommended, 
being  too  irritating.  Mercury  can  also  be  administered  in  a  mixture,  if  the 
pills  do  not  suit.  In  debihtated  constitutions,  and  in  the  tertiary  stage  of  the 
disease,  the  perchloride  in  doses  of  from  to  i  of  a  grain  may  be  given,  with 
compound  tincture  and  infusion  or  decoction  of  cinchona.  To  this  are  some- 
times advantageously  added  a  few  grains  of  iodide  of  potassium,  by  which 
the  perchloride  is  converted  into  the  red  iodide  of  mercury,  Avhich  is  held  in 
solution  by  the  excess  of  the  potassic  iodide.  Plummer's  pill,  in  five  grain 
doses,  twice  or  three  times  a  day,  is  very  useful  in  the  sy]:)hilidcs. 

(Z*.)  Inwwtion. — In  some  cases  the  bowels  are  so  irritable  that  the  adminis- 
tration of  mercury  by  the  mouth  invariably  purges  the  patient ;  in  these 
•circumstances  mercurial  inunction  may  be  conveniently  practised.  This  is 
best  done  by  rubbing  a  scruple  to  a  drachm  of  the  ordinary  mercurial  ointment 
into  the  inside  of  each  thigh  or  arm  or  in  the  axilla  before  going  to  bed. 
The  skin  should  be  well  washed  before  the  mercury  is  rubbed  in.  After  the 
inunction  the  patient  should  put  on  flannel  clothes  next  his  skin  to  encourage 
sweating,  and  go  to  bed.  In  the  morning  he  should  take  a  hot  bath.  The 
inunction  must  be  repeated  daily  till  some  effect  is  produced,  and  it  is  best 
not  to  rub  the  ointment  into  the  same  part  on  two  consecutive  days.  It 
must  be  borne  in  mind  that  the  orifices  of  the  sweat-glands  and  hair-follicles 
-become  filled  with  the  ointment ;  so  that,  should  salivation  commence,  it  is  not 
easy  at  once  to  arrest  the  absorption  of  the  mercury.  The  use  of  the  hot 
bath  every  morning  diminishes  the  risk  of  the  absorption  of  an  undue 
^amount. 

(c.)  SuUutaneous  injection  of  mercury  has  been  employed  by  Lewin  and  other 
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Surg-eons  on  the  Continent,  and  by  Walker  of  Peterborough  in  this  country. 
The  salt  used  is  the  perchloride,  of  which  about  oue-sixteeiith  of  a  gi-ain  is 
injected  in  solution  in  30  minims  of  water.  Sigmund  of  Vienna,  who  tried 
this  remedy  in  two  hundred  cases,  used  a  solution  of  about  four  grains  to 
one  ounce  of  water  to  which  he  added  eighty  grains  of  common  salt.  He 
insists  strongly  on  the  necessity  of  rest  after  the  injection,  so  as  to  obviate 
the  occurrence  of  abscess  and  other  untoward  consequences  which  have  been 
observed  to  follow  it.  The  precise  value  of  the  subcutaneous  injection  of 
mercuiy  m  syphilis  has,  it  seems,  yet  to  be  determined.  Sigmund  believes  it 
to  be  most  useful  in  those  forms  of  the  disease  affecting  the  more  superficial 
structures  and  the  osseous,  muscular,  and  fibrous  tissues.  Hill,  who  has 
extensively  tried  this  mode  of  administration,  is  of  opinion  that  it  should  be 
reserved  for  those  rare  cases  in  which  mercury  cannot  be  taken  in  the  more 
ordinary  ways. 

(f/.)  Mercurial  finm'fjaiion. — In  some  cases  of  constitutional  syphilis  in 
which  the  patient  cannot  tolerate  this  drug  by  the  mouth,  mercury  may 
conveniently  be  administered  by  fumigation.  This  plan  of  treatment,  which 
has  been  especially  recommended  by  Langston  Parker  and  H.  Lee,  consists  of 
a  combination  of  vapour-bathing  and  of  mercurial  fumigation  ;  and  these 
gentlemen  speak  in  the  highest  terms  of  the  value  of  this  remedy  in  syphilis, 
as  shortening  the  duration  of  ordinary  treatment,  and  permanently  curing  the 
disease  without  the  constitution  of  the  patient  being  in  any  way  injured  by 
its  employment.  The  baths  may  also  be  associated  with  appropriate  internal 
treatment.  Fumigation  is  thus  carried  out  ;  the  patient  is  seated  naked  on  a 
Avood-])ottomed  chair  or  stool  and  is  covered  by  a  cloak  made  of  some 
thick  woollen  material  reaching  to  the  floor  and  fastened  round  the  neck.  It 
is  fitted  with  a  cane  hoop  to  keep  it  from  touching  the  body.  A  lamp  con- 
sisting of  a  circular  trough  to  contain  about  one  ounce  of  water,  and  a 
central  plate  for  the  mercurial  preparation,  is  used  for  producing  the  vapour. 
The  water  must  be  made  to  boil  thoroughly  before  the  mercury  is  put  on  the 
plate.  It  is  then  immediately  put  under  the  chair,  and  thus  the  patient's 
body  will  be  steamed  for  a  minute  or  two  before  the  mercury  begins  to 
volatilize.  The  best  form  of  apparatus  is  that  known  as  Lee's  lamp,  but  in 
the  absence  of  all  special  apparatus  fumigation  can  very  easily  be  carried  out 
by  means  of  two  spirit-lamps  and  two  metal  vessels,  one  for  the  water  and 
one  for  the  mercury,  the  patient  being  covered  by  a  thick  blanket.  Yarious 
forms  of  mercury  have  been  used,  but  the  two  best  seem  to  be  the  bisulphuret 
as  recommended  by  Langston  Parker,  in  doses  of  from  one  to  two  drachms  at 
each  bath,  and  calomel,  which  has  been  extensively  used  by  Henry  Lee  in 
doses  of  from  twenty  to  thirty  grains.  AYhatcvcr  form  of  apparatus  be  used,, 
after  about  twenty  minutes,  when  the  whole  of  the  mercury  will  have  been 
volatilized,  the  patient  gets  into  bed  wearing  the  cloak  or  blanket.  He  rausb 
not  be  left  alone  during  the  bath,  as  he  may  become  faint.  If  perspiration 
docs  not  begin  at  once  a  little  weak  hot  tea  may  be  given  to  encourage  it. 

7.  Gmeral  management  of  apafienf,  (hiriiu)  a  course  of  merci/ri/. — The  patient 
should  be  made  to  understand  clearly  that  mercury  does  not  directly  cure  the 
disease,  but  only  aids  the  system  in  overcoming  and  eliminating  the  poison. 
Regular  hours,  sufficient  exercise  in  the  open  air,  abundant  simple  food,  and 
the  avoidance  of  alcoholic  or  other  excesses  are  of  equal  importance  in  the 
management  of  a  case  of  syphilis  as  the  administration  of  mercury.  AViiile 
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the  ])atienfc  is  under  the  inflncuee  of  mcrcmy  tlio  skin  should  be  kept  in  a, 
healthy  state  by  baths.  In  sunnner  there  is  no  objection  to  a  morning-  cold 
bath,  but  in  Avinter  some  warm  water  should  be  added  to  prevent  ii  chill.  The 
l)atient  should  wear  flannel  next  his  skin  both  in  summer  and  winter.  A 
chill  during  a  course  of  mercury  may  cause  a  violent  attack  of  diarrhoea, 
sometimes  accompanied  by  much  griping  pain  and  vomiting.  The  diet 
sliould  be  plain,  and  anything  likely  to  irritate  the  bowels,  as  excess  of  fresh 
fruit  or  made  dishes,  should  be  avoided.  Beer  is  usually  not  to  be  recom- 
mended, as  it  is  apt  to  cause  purging.  Claret  is  perhaps  the  best  alcoholic 
drink  that  can  be  taken.  All  these  things  must,  however,  be  left,  to  a  certain 
extent,  to  the  common  sense  and  experience  of  the  patient.  Moderate 
exercise  is  of  the  greatest  value,  but  should  not  be  carried  to  the  extent 
of  fatigue. 

Other  Drugs  used  in  the  Treatment  of  Syphilis. — In  the  primary 
and  early  secondary  stages  of  syphilis  no  drug  but  mercury  can  be  said  to 
exert  any  real  influence  on  the  disease  ;  but  in  the  later  secondary  and  tertiary 
stages  the  pr(>j}arafions  of  iodine  produce  effects  not  less  clearly  marked. 
Iodine  is  supposed  to  be  a  specific  in  a  minor  degree  to  mercury.  It  has  also 
been  proved  that  in  patients  who  have  undergone  a  course  of  mercurial 
treatment  iodine  liberates  the  mercury  which  may  have  become  stored  up  in 
the  body,  the  mercury  re-appearing  in  the  urine  and  other  secretions  on  the 
administration  of  the  drug.  Its  effects  are  not,  however,  due  to  this,  for  they 
are  well  marked  in  patients  who  have  never  taken  any  mercury  during  the 
early  stages.  The  preparations  of  iodine  are  most  useful  in  the  various 
forms  of  visceral  syphilis,  in  syphilitic  disease  of  the  nervous  centres,  and  in 
treatment  of  gummata  wherever  they  may  be  situated.  Useful  as  iodide  of 
jiotassium  is,  however,  I  do  not  believe  that  syphilis  can  be  eradicated  from 
tlie  system  by  its  means  ;  indeed,  I  cannot  call  to  mind  a  single  case  pre- 
senting marked  tertiary  symptoms  which  has  been  permanently  relie\'ed  with- 
out the  administration  of  mercury. 

Iodine  is  commonly  administered,  as  Iodide  of  Potassium,  in  doses  of  from 
fi\'e  to  twenty  or  even  thirty  grains.    It  is  often  conjoined  with  some  bitter 
infusion,  but  there  is  no  advantage  in  this  unless  the  patient  requires  a  tonic. 
A  most  convenient  mode  of  gi\'ing  iodide  of  potassium  is  the  following  : 
Take  a  two-ounce  bottle,  put  into  it  one  ounce  of  the  iodide  and  fill  it  up 
■v\  ith  water  ;  let  the  patient  take  eight  drops  of  the  solution  in  a  wineglass  of 
water  or  in  milk  three  ti;nes  a  day,  and  gradually  increase  the  dose  by  two 
drops  eveiy  two  or  three  days  till  he  finds  by  the  symptoms  of  iodism  that  he 
has  i-eached  his  limit.    An  intelligent  patient  will  soon  learn  to  regulate  his 
dose  without  the  necessity  of  constantly  applying  to  the  Surgeon.  The 
addition  of  a  few  drops  of  aromatic  spirit  of  ammonia  is  said  to  make  the 
iodide  more  active.    If  the  patient  is  amcmic  it  may  be  taken  in  conjunction 
with  the  iodide  of  iron. 

Iodide  of  Ammonium  can  sometimes  be  taken  by  patients  who  cannot 
tolerate  the  potassic  iodide.  It  may  be  given  in  doses  of  ten  grains  and 
upwards,  and  two  or  tln-ee  grains  of  carbonate  of  annnonia  must  be  added  to 
each  dose  to  prevent  the  decomposition  of  the  iodide. 

lodidfi  of  Sodium  also  has  been  recommended  in  doses  of  five  grains  and 
upwards.    It  is  said  to  be  less  depressing  than  the  potassium  salt. 
In  whatever  way  iodine  is  administered  if  pushed  beyond  a  certain  point  it 
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gives  rise  to  toxic  symptoms  known  as  "  iodism:'  The  amount  of  the  drug- 
required  to  produce  these  effects  varies  witli  every  case.  The  symptoms 
resemble  a  had  cold  in  the  head  ;  there  arc  redness  of  the  eyes,  running  at 
the  nose,  and  frontal  headnche.  Every  patient  who  is  taking  the  iodides  must 
be  warned  of  these  symptoms,  and  be  told  to  reduce  the  dose  immediately  they 
appear.  Trolonged  administration  of  iodides  not  unfrequently  gives  rise  to  a 
pustular  eruption  resembling  acne,  or  more  rarely  to  large  ]mstules  on  an 
indurated  base,  which  dry  up,  leaving  a  scab  l)ehind  them.  Purpura  and 
albuminuria  have  also  been  attributed  to  its  influence. 

The  Sulphides  of  Cakiiim  and  Pofa.ss/tm  are  said  to  form  most  useful 
adjuvants  to  mercury,  promoting  its  action  and  prcA^enting  its  accumulation  in 
the  system.  How  nuich  real  value  they  possess  is  still  uncertain.  The  Aix-la- 
Chapelle  treatment,  which  has  obtained  great  celebrity  for  the  cure  of  syphilis, 
consists  of  the  administration  of  mercury  by  inunction,  comln'ned  with  the  use 
of  the  natural  hot  sulphur-waters,  both  for  bathing  and  drinking.  The  chief 
advantage  derived  in  most  cases  from  a  visit  to  Aix-la-Chapelle  arises  from 
the  fact  that  the  patient,  ha^^ng  little  else  to  do  and  being  carefully  looked 
after  by  the  physicians  and  the  rubbers,  and  regularly  dieted  in  his  hotel, 
cannot  neglect  the  treatment  as  he  is  too  apt  to  do  at  home.  It  is  for  rich 
patients  who  are  ]iot  taking  proper  care  of  themselves  that  a  \\sit  to  the  baths 
is  to  be  recommended.    A  course  lasts  fi'om  six  to  seven  weeks. 

ScfrsapariUa  formerly  enjoyed  a  great  reputation  in  the  treatment  of 
syphilis,  but  at  the  ])resent  time  it  is  little  used.  It  may,  however,  be  given 
in  the  late  secondary  or  tertiary  stage,  especially  if  the  patient  have  fallen  into 
a  cachectic  state,  having  lost  flesh,  colour,  appetite,  and  spirits.  In  this 
condition  of  the  system  dilute  nitro-hydrochloric  acid,  in  doses  of  fifteen  to 
twenty  minims,  with  half  an  ounce  of  the  liquid  extract  of  sarsaparilla  in 
four  ounces  of  water,  may  be  taken  three  times  a  day. 

Cod-liver  Oil  is  often  of  great  use  when  there  has  been  considerable  loss  of 
flesh.  It  may  be  given  at  the  same  time  as  the  iodides  of  potassium  oi' 
iron. 

Bitter  Tonics  and  the  Preparations  of  Iron  are  frequently  useful  in  the 
tertiary  stage.  They  are  given  on  general  principles  after  or  in  the  intervals 
of  specific  treatment. 


LOCAL    SECONDARY   AND    TERTIARY    MANIFESTATIONS    OF  SYPHILIS. 

Local  Secon])aiiy  Affections.— We  shall  next  proceed  to  describe  the 
character  and  treatment  of  the  different  local  forms  in  which  constitutional 
syphilis  manifests  itself.  These  may  be  considered  as  they  affect  different 
tissues  and  organs,  and  require  separate  examination,  according  to  the  part 
that  is  influenced  by  them.  We  shall  consider  them  as  affecting  the  skin  ;  the 
mucous  membranes  of  the  mouth,  nose,  tongue,  palate,  and  larynx  ;  the  eye, 
bones,  testes,  muscles,  viscera,  and  nervous  system. 

1.  Syphilitic  Affections  of  the  Skin.— Syphilo-dermata  or  8yphilides 
present  various  modifications  of  appearance,  corresponding  closely  to  the 
different  groups  of  simple  cutaneous  diseases  ;  thus  we  find  exanthcmatous, 
papular,  scpiamous,  vesicular,  i)ustular,  and  tubercular  syphilitic  affections  of 
the  skin,  with  various  ulcers  and  growths.  These  differ  from  the  correspondi no- 
simple  cutaneous  diseases,  in  their  redness  being  more  dusky  or  coppcrv,  in 
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leaving  stains  of  a  brownish  or  pnrplish  hue,  and  in  tlieir  ijiving  rise  to  no 
itching  or  other  painful  sensations.  The  general  pathology  of  these  affections 
lias  been  already  described  (p.  lODO). 

Besides  this,  syphilis  may  modify  materially  the  general  character  of  the 
cuticle,  causing  it  to  assume  a  yellow  or  earthy  tint,  and  to  be  rough  or 
powdery. 

Syphilitic  skin-diseases  arrange  themselves  under  the  fohowing  groups. 

Syphilitic  Ro-spola  consists  of  blotches  of  a  reddish-brown  or  co])pery  tint, 
becoming  more  distinct  as  the  redness  declines  ;  they  vary  in  size  from  small 
circular  spots  to  large  and  diffused  patches,  and  are  usually  first  observed 
about  the  abdomen.  Syphilitic  roseola  is  the  most  constant,  and  the  earliest 
of  all  the  syphilitic  eruptions,  often  appearing  before  the  primary  sore  is 
healed.  It  usually  appears  about  seven  or  eight  weeks  after  infection,  and 
may  last  fi-om  a  few  days  to  two  or  three  A\eeks.  It  is  very  fi-equently 
accompanied  by  an  erythematous  redness  of  the  throat. 

The  Squamous  sj-philide,  or,  as  it  is  often  called,  si/philitic  psoriasis,  occurs 
in  small  patches  of  an  irregular  shape,  of  a  dusky  red  colour,  sometimes 
assuming  a  coppery  tint,  covered  with  thin  filmy  scales.  In  many  instances 
the  patches  are,  however,  quite  smooth,  so  as  to  have  a  glazed  and  almost 
shining  look.  They  are  usually  situated  on  the  inside  of  the  arms  and  thigh, 
often  on  the  scrotum  and  penis,  even  occurring  on  the  glans.  They  also 
frequently  appear  on  the  palms  and  soles,  where  deep  fissures  and  cracks  are 
met  with.  In  moist  parts,  as  in  the  folds  of  the  groin  in  fat  people,  at  the 
margin  of  the  anus  or  between  the  toes,  they  become  more  elevated  and 
merge  gradually  into  the"'  mucous  tubercle  "  or  flat  condyloma  to  be  described 
hereafter.  About  the  lips  the  squamous  syphilide  gives  rise  to  deep  and 
troublesome  fissures.  It  differs  from  simple  psoriasis  in  its  showing  a  prefer- 
ence for  the  softer  and  moister  parts  of  the  skin,  whereas  the  simple  iitt'cctiou 
is  most  abundant  on  the  drier  parts,  as  on  the  back  of  the  elbow  or  the  front 
of  the  knee.  The  scales  also  are  less  abundant.  S(|uamous  syphilide  forms 
the  most  common  eruption,  after  the  roseola,  during  the  first  year  of  syphihs. 
It  is  often  associated  with  ulceration  of  the  tonsils  and  iritis  and  not  uncom- 
monly with  periostitis. 

Painilar  Syphilide.  or  Sypldlific  lichen,  consists  of  small  hard  elevations,  at 
first  red,  but  afterwards  becoming  dusky  or  brownish.  There  is  s(,)me  slight 
orawny  desquamation  on  the  surface.  They  arc  most  common  on  the  foi-ehead 
and  shoulders,  and  last  about  three  weeks  before  fading. 

The  Vpsicidar  syphilide  is  of  very  rare  occurrence.  The  vesicles  vary  in 
size  from  a  pin's  head  to  a  pea.  They  soon  dry,  and  when  the  scales  so  formed 
separate  a  coppery  red  patch  is  left  beneath.  In  one  case  which  fell  under  my 
observation,  the  rash  appeared  in  the  form  of  clusters  of  small  pointed  vesicles, 
which  on  drying  left  grey  or  brownish  crusts  and  coppery  marks.  ]\Iany 
varieties  have  been  described  and  named  according  to  the  non-syphilitic  skin 
affections  they  resemble,  as  eczematous,  herpetiform,  variohform,  and  vari- 
ceUiform. 

Pustular  syphilides  occur  somewhat  rarely  in  the  early  stages,  but  are  more 
common  later  on.  The  early  pustular  syphilide  commences  as  a  small  vesicle 
which  early  becomes  pustular.  It  soon  dries  into  a  crust,  which  falls  off, 
leaving  an  elevated  coppery  spot  beneath.  It  is  merely  an  aggi'avation  of  the 
vesicular  eruption  and  leaves  no  ulceration  or  scar  behind  it.    Larger  pustules 

"4  B  2 


1  io8 


YENEREAL  DISEASES. 


fonniuo-  slowly  with  a  dusky-red  or  coppciy  areola  are  mcfc  with  in  cachectic 
sidjjccts,  forinino-  the  eruption  Ivtiowu  as  sijiihililic  ecthyma.  The  pustules  dry. 
Icavino-  a  dark  flat  seal),  which  after  a  time  falls  off,  leaving  an  ulcer  which 
heals  slowly.    Ecthyma  is  most  common  on  the  limbs. 

In  the  late  secondary  or  in  the  tertiary  stage  in  debilitated  subjects,  the 
affection  known  as  iinria  is  not  uncommon.  It  seldom  occurs  before  the  end 
of  tlic  first  year,  and  may  be  inct  with  as  long  as  the  syphilitic  taint  persists. 
Taipia  commences  as  a  bleb  Avhicli  rapidly  l)ccomes  converted  into  a  large 
pustule,  surrounded  by  a  wide  brown,  or  co])pery  areola.  It  soon  dries  into  a 
circular  dark  brown,  or  e\  eu  black  scab.  Beneath  this  ulceration  takes  place, 
and  the  crust  increases  in  thickness  from  the  drying  of  the  discharge,  while  at 
the  same  time  it  extends  at  its  circumference  ;  jt  thus  coines  to  assume  a 
conical  form,  and  somewhat  resembles  a  limpet-shell  in  appearance.  After  its 
separation  a  troublesome  ulcer  of  a  circular  shape,  often  with  a  somewhat  foul 
surface,  is  left,  which  may  continue  to  spread  slowly.  This  disease  may  appear 
on  the  face,  but  is  especially  common  on  the  extremities.  It  is  always  in- 
dicative of  grave  constitutional  debility. 

Syphilitic  Tuhcrcles  commonly  occur  as  an  advanced  or  tertiary  symptom  ; 
they  are  in  fact  gummata  of  the  cutis  vera.  They  appear  as  hard,  smooth, 
flat  elevations  of  a  reddish-brown  or  purplish  colour,  usually  arranged  in 
groups  of  single  tubercles  lying  closely  together.  They  are  seated  on  the  face 
or  extremities,  the  skin  covering  the  patella  and  the  ala  of  the  nose  being 
commou  situations.  TJiey  may  be  resolved  by  proper  treatment,  but  have  a 
great  tendency  to  ulcerate  and  to  be  followed  by  foul  slowly  spreading  ser- 
piginous sores.  The  ulcerating  syphilitic  tubercle  forms  the  affection  known 
as  syjilulitic  lupus. 

Suha/faneovs  syphiUiir  ginnnuifa,  or,  as  they  have  been  called,  deep  syphilitic 
tubercles,  arise  in  the  tertiary  stage  of  syphilis  as  hard  indolent  masses  in  the 
subcutaneous  tissue,  usually  accompanied  by  some  slight  aching  pain  or 
tenderness.  They  may  vary  in  size  from  a  pea  to  a  walunt.  They  are  of  sIoav 
growth,  but  ultimately  become  adherent  to  the  skin,  which  then  assumes  a 
dusky  purple  tint.  If  unrelieved  by  treatment  the  gumma  softens  and  the 
skin  gives  way  over  it,  exposing  the  characteristic  adherent  slough  resembling 
wet  washleather.  This  slowly  separates,  leaving  a  deep  cavity.  Subcutaneous 
gummata  may  occur  at  any  part  of  the  body ;  common  situations  are  the  back 
of  the  thigh  and  the  upper  part  of  the  arm. 

Syphilitic  Boils  of  an  indolent  character,  but  painful,  and  discharging  a 
thin  ichorous  pus,  with  a  core  of  shi'eddy  areolar  tissue,  and  leaving  deep, 
irregular,  and  foul  ulcers,  are  not  uncommonly  met  with. 

Syphilitic  Ulcers  are  superficial  and  deep.  The  superficial  ulcers  arise  from 
pustules,  ecthyma,  rupia,  superficial  tubercles,  or  boils.  In  other  cases,  espe- 
cially on  the  leg,  they  arise  like  sira])le  ulcers  from  some  slight  injury,  but 
assume  peculiar  features  in  consequence  of  the  syphilitic  taint.  Syphilitic 
ulcers  are  usually  characterized  by  their  multiplicity,  by  their  appearing  in 
parts  not  exposed  to  injury,  as  on  the  back  or  upper  part  of  the  leg,  by 
their  tendency  to  spread  at  one  edge  while  healing  at  the  other,  and  thus  to 
assume  a  crescentic  or  serpiginous  form,  and  by  their  unhealthy  grey  surface. 
They  leave  bluish  or  brownish  cicatrices,  often  tliin  and  smooth,  and  apt  to 
break  open  again  on  any  slight  iiTitation. 

The  Hair  during  the  fii-st  year  of  syphilis  often  becomes  lustreless  and  dull. 
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and  comes  out  in  large  quantities,  often  so  as  to  cause  baldness — syphilitic 
alopecia.  Occasionally  it  may  separate  in  patches.  The  baldness  is  not  per- 
manent, in  fact  it  resembles  the  fiill  of  the  hair  so  often  noticed  in  erysipelas  and 
various  le\-ers. 

Diseases  of  the  Nails  are  common.  During  the  early  stages  the  nails  fre- 
quently become  brittle  and  irregular  in  growth.  A  more  serious  affection  is 
*^!/phil(tic  Onychia,  which  consists  in  a  chronic  inflammation  of  the  matrix, 
Avith  fetid  discharge  from  under  the  nail ;  the  end  of  the  affected  digit  is 
swollen,  purple  in  colour,  and  intensely  tender,  the  nail  becomes  black,  more 
or  less  bent,  and  scales  off,  leaving  a  dirty  ulcerated  surface  exposed  beneath. 
One  nail  only  is  usually  affected. 

Ulceration  leliceen  the  Toes  with  excessively  foul  discharge  and  much 
swelling  of  the  foot  is  not  an  uncommon  condition  in  syphilis.  It  apparently 
•iiriscs  from  the  formation  of  soft  flat  growths  of  the  same  character  as  the 
mucous  tubercles  at  the  anus,  the  ulceration  being  due  to  the  irritating  secre- 
tion between  the  toes  and  want  of  cleanliness.  It  is  easily  recognized,  for  it 
may  be  taken  as  a  rule  that  all  ulcerations  between  the  toes  are  due  either  to 
syphilis  or  scabies.    The  ordinary  soft  corn  discharges  no  pus. 

The  Treafmnit  of  Syphilitic  affections  of  the  Skin  must  be  conducted  in 
iiccordance  with  the  general  principles  already  laid  down.  All  the  symmetrical 
eruptions  occurring  in  the  early  stages  of  the  disease  are  best  treated  by  the 
administration  of  mercury  according  to  the  rules  already  laid  down.  The 
tubercular  eruptions  and  the  squamous  ulcer,  when  occurring  after  the  first 
jear  can  often  be  relieved  by  iodide  of  potassium,  especially  if  the  patient  h;i.s 
been  treated  with  mercury  in  the  earlier  period.  Donovan's  solution  is  often 
■of  the  greatest  possible  value,  the  disease  rapidly  disappearing  under  its  use. 
The  same  plan  is  required  in  the  management  of  syphilitic  boils.  In  the 
j)ustular  forms,  syphilitic  rupia  and  ecthyma,  as  the  constitution  is  commonly 
shattered,  a  tonic  plan  of  treatment  is  required  in  the  first  instance  ;  after 
which  the  perchloride  of  mercury  with  tincture  and  decoction  of  cinchona,  or 
■decoction  of  sarsaparilla  should  be  steadily  administered.  In  these  cases  also 
much  benefit  will  be  derived  from  mercurial  fumigation. 

In  most  cases  no  local  treatment  is  required  for  the  squamous  or  papular 
■eruptions,  but  should  they  occur  in  tlie  face  the  patient  is  often  anxious  to 
hasten  their  disappearance.  For  this  pur[K)se  dilute  white  precipitate  oint- 
ment, or  calomel  made  into  a  cream  with  olive-oil  and  lard,  may  be  a]>])lied. 
Marshall  recommends  the  application  of  a  1 0  per  cent,  solution  of  oleate  of 
•mercury  with  some  morphia  added.  In  all  ulceraiiny  syphilides  iodoform, 
•either  applied  pure  or  made  into  an  ointment  with  vaseline,  will  be  found 
most  useful.  In  deep  ulcerations  iodide  of  starch  ointment  often  produces  a 
good  effect.  If  these  fail,  yellow  wash  or  perchloride  of  mercury  in  the 
strength  of  two  grains  to  the  ounce,  diluted  with  water  if  it  cause  too  much 
pain,  will  often  arrest  the  spread  of  the  ulceration  and  hasten  its  healing.  If 
nothing  else  succeeds  it  may  be  necessary  to  cauterize  the  surftice  with  fuming 
nitric  acid  or  the  acid  nitrate  of  mercary.  In  syphilitic  alopecia  the  internal 
administration  of  mercury  has  most  influence  in  arresting  the  loss  of  hair  ;  at 
the  same  time  a  stimulating  lotion  may  be  applied.  B.  Hill  recommends  the 
following  ^c.  : — Tinct.  Cantharides,  Solution  of  Ammonia,  aa  jSs.j  Spirit  of 
Rosemary,  51 ;  Glycerine,  3SS.  ;  Rose  water  to  3viij.  In  syphilitic  onychia 
the  nail  should  be  removed  and  iodoform  applied.    Black  wash  or  yellow  wash 
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is  sometimes  useful.  In  ulcerations  hehceeii  the  toos  dilute  uhite  precipitate 
ointment,  with  a  small  quantity  of  extract  of  belladonna  added,  is  the  best 
application. 

'2.  Mucous  Tubercles  and  Condylomata. — Mucous  tubercles  are  flat 
patches,  seUluu)  more  than  half  an  inch  in  diameter,  shghtly  elevated,  soft, 
and'papillary  on  the  suriace.  They  are  situated  in  moist  parts  of  the  body,^ 
very  commonly  on  muco-cutaneous  surfaces,  as  the  anus,  labia,  and  angles  ot 
the  mouth  ;  they  are  also  frequently  met  with  on  mucous  surfaces,  as  on  the 
tongue,  tonsils,  palate,  and  laryiix,  and  exactly  similar  growths  are  found  in 
any  part  of  the  skin  that  is  kept  moist  by  the  natural  secretions,  and  not 
]n-operly  cleaned,  as  between  the  scrotum  and  the  thigh,  in  the  fold  of  the 
groin  in  fat  people,  and  between  the  toes.  They  ai'c  moistened  by  a  good 
deal  of  mucous  secretion  when  seated  on  mucous  membranes,  or  by  perspiration 
when  on  the  skin.  In  the  mouth  and  throat  they  ai'e  usually  small  and  not 
so  distinctly  elevated,  but  rather  like  a  thickened  and  opaque  condition  of  the 
mucous  membrane  in  these  situations.  At  the  anus  they  sometimes  attain  a 
considerable  size,  so  as  to  project  a  quarter  to  half  an  inch  above  the  surface, 
and  it  is  then  that  they  are  commonly  termed  condylomata.  They  are  fre- 
quently mistaken  by  the  patient  for  piles.  They  consist  essentially  of  an  over- 
growth of  the  papilla3  stimulated  in  part  by  the  irritation  of  dirt  or  unhealthy 
secretions.  They  are  common  in  conjunction  with  the  squamous  syphilide  on 
the  dryer  parts  of  the  skin,  and  every  gradation  can  sometimes  be  traced  be- 
tween a  scaly  patch  to  a  mucous  tubercle,  according  to  the  moisture  of  the 
part  in  which  the  j^atch  is  situated.  They  are  met  Avith  most  commonly 
during  the  first  six  months  of  the  disease.  They  differ  from  the  venereal  Avarts 
already  described  (p.  1079),  not  only  in  their  flatter  form  and  less  marked 
papillary  structure,  but  in  being  dependent  on  a  constitutional  disease,  and  not 
on  local  causes  solely,  such  as  the  irritation  of  discharges  and  want  of  cleanli- 
ness. The  discharge  AA  ith  AA'hich  they  are  moistened  is  intensely  contagious, 
and  it  is  from  them,  Avhen  situated  in  the  mouth,  that  the  disease  is  trans- 
mitted by  kissing,  or  by  means  of  drinking-vessels,  or  pipes,  and  from  infants, 
to  their  nurses. 

Their  Treahnmt  must  be  constitutional  and  local.  The  constitutional 
treatment  is  merely  that  of  early  syphilis.  Locally  they  are  best  treated  by 
ihe  application  of  Avhite  precijiitate  ointment  when  seated  at  the  anus  or  on 
the  skin.  If  this  does  not  relieve  them  they  may  be  rubbed  with  nitrate  of 
silver  or  sulphate  of  copper.  In  the  mouth  the  ap].)lication  of  a  solution  of 
perchloride  of  mercury  (gr.  ij  to  ^i),  or  of  the  solid  nitrate  of  silver,  is  the 
best  treatment.  Xot  being  pendulous,  they  do  not,  like  simple  venereal  warts, 
require  to  be  cut  off". 

:•}.  The  mucous  membranes  of  the  mouili,  2>Jiarijnx,  and  lari/nx  are 
commonly  affected  Avith  secondary  syphilitic  eruptions,  Avhich  assume  the 
form  of  mucous  tubercles,  and  of  the  exanthematous,  squamous,  and  ulcerat- 
ing syphilides  ;  and  in  the  later  stages  of  the  disease  submucous  gummata 
may  form. 

The  ('.mnihemdous  affection,  corresponding  to  the  roseolar  form  of  cutaneous 
syphilis,  and  arising  from  the  same  cause  and  in  the  same  constitution,  prin- 
cipally affects  the  palate  and  throat.  The  iuhmnJar  variety  corresponds  to 
the  squamous  cutaneous  eruptions,  and  is  met  with  chiefly  as  flat,  hard,  and 
(.■Icvated  tubercles  in  the  interior  of  the  mouth,  nose, 'and  throat.  'The 
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nlcpmtu'p  affection  of  the  imicous  mcinln-aucs  assumes  a  variety  of  forms, 
^vhich  will  immediately  l)e  described,  and  occm*s  i)riiicipally  in  the' throat  and 
nose.  The  exanthematous  affection  of  the  mucous  membrane  is  usually  an 
early  sign  of  constitutional  syphilis,  frequently  showing  itself  a  few  weeks 
after  the  primary  occurrence  of  the  disease.  The  other  varieties  belong  to  tiie 
more  advanced  secondary  or  tertiary  periods.  Contractions  of  A  arious  mucous 
canals  often  occur  as  the  result  of  syphilitic  affections,  the  narrowing  being 
due  to  firm,  fibrous  bands,  often  excessively  dense  in  structure.  These  are 
often  merely  cicatricial,  formed  on  the  healing  of  syphilitic  ulcerations.  In 
other  cases  they  seem  out  of  all  proportion  to  the  extent  of  the  destruction  by 
ulceration,  and  would  appeal*  then  to  be  due  to  diffuse  fibroid  induration  of 
the  submucous  tissue,  followed  by  contraction.  They  are  most  frequently 
met  with  in  the  rectum,  vagina,  and  pharynx. 

The  syphilitic  affections  of  the  mucous  membranes  are  most  conveniently 
considered  according  as  they  affect  distinct  organs  or  parts  of  the  body. 

The  Lips  are  commonly  affected  in  persons  labouring  under  squamous 
syphilide,  with  fissures  or  cracks  usually  somewhat  indurated,  and  very  painful 
in  the  movement  of  these  parts.  In  the  Treatment,  the  application  of  a 
pointed  piece  of  nitrate  of  silver  to  the  bottom  of  the  crack  will  give  the 
most  effectual  relief.  The  iusides  of  the  cheeks  arc  not  unfrequently  affected 
in  a  similar  manner,  or  become  the  seat  of  mucous  tubercles,  which  must  be 
treated  as  has  already  been  stated. 

The  Tontjue  may  be  affected  in  various  ways  :  when  severely,  its  disease 
usually  constitutes  one  of  the  tertiaiy  manifestations  of  sy])hilis. 

In  the  early  period  of  the  secondary  stage  of  syphilis,  small  papules,  similar 
to  those  on  the  skin  may  appear.  They  are  of  little  importance,  and  cause  no 
inconvenience.  During  the  second  half  of  the  first  year  of  syphilis,  and  often 
at  a  later  period,  small  superficial  ulcers  on  the  sides  of  the  tongue,  having  an 
irregular  or  oval  outline,  and  a  gray  surface,  are  not  uncommon.  They  cause 
considerable  discomfort.  They  are  best  treated  by  being  touched  twice  a  day 
with  a  solution  of  perchloride  of  mercury  (gr.  ij  to  33).  The  surface  must  be 
previously  dried  with  a  handkerchief.  Solid  nitrate  of  silver  is  often  as  effi- 
cacious. Another  form  of  late  secondary  manifestation  on  the  tongue  is  a 
small  fissure,  or  crack,  at  one  side,  surrounded  by  a  zone  of  thickened  epithe- 
lium, which  gives  the  mucous  membrane  at  the  affected  spot  an  opaque  blue 
tint.  These  ulcers  require  the  same  treatment  as  those  just  described.  Mucous 
tubercles  are  not  uncommon  on  the  tongue,  but  are  less  frequent  than  on  the 
lips  or  cheek. 

At  a  later  period  the  dorsal  surface  of  the  tongue,  usually  only  in  its 
anterior  half,  undergoes  a  chronic  change.  The  epithelium  becomes  opaque, 
white,  and  thickened,  sometimes  in  patches,  sometimes  uniformly,  and  if  the 
tono-ue  be  dried  and  then  examined,  it  will  be  observed  that  the  papillce  in 
the  affected  area  have  disappeared,  the  surface  being  almost  smooth.  The 
disease  is  a  chronic  inflammation  affecting  the  corium  of  the  mucous  membrane, 
and  the  submucous  tissue,  with  overgrowth  of  the  epithelium  covering  the 
affected  part.  It  has  received  various  names,  according  to  the  appearance 
produced  :  when  the  surface  is  smooth,  and  bluish  in  tint,  it  is  spoken  of  as 
the  "-smooth  tonyue,'"  or  chronic  superficial  glossitis ;  when  the  opacity  is 
o-reater  it  has  been  called  psoriasis  of  the  tongue ;  and  when  the  epithelium 
fs  heaped  up  so  as  to  form  scales,  the  term  ictlnjosis  lingucc  has  been 
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applied  to  ifc.  Tliese  conditions  most  frequently  result  from  syphilis,  but 
cases  are  often  met  with  in  which  no  history  of  the  disease  can  be  obtained  ; 
they  are  permanent,  the  normal  papillary  condition  of  the  tongue  never 
being  regained.  Simple  ulceration  is  not  uncommon  in  the  opaque  patches, 
and  in  later  life  epithelioma  frequently  attacks  the  diseased  mucous  membrane. 
The  treatment  of  this  condition  is  very  unsatisfactoiy.  Perchloride  of  mercury 
lotions  are  often  of  use.  Internally  iodide  of  potassium  produces  most  effect. 
If  it  fails,  and  the  patient  is  in  a  state  to  stand  it,  a  course  of  mercury  may 
be  tried. 

The  tongue  is  affected  also  in  some  cases  by  diffuse  overgrowth  of  its  con- 
nective tissue,  occurring  in  patches  and  extending  deeply  into  its  substance 
from  the  mucous  surface.  More  commonly  it  is  the  seat  of  gurmmda.  These 
form,  as  a  rule,  in  the  muscular  substance  of  the  organ,  and  sometimes  in 
the  fibrous  septum.  They  form  indolent  tumours,  gradually  reaching  the 
mucous  membrane,  and  impHcating  it.  They  run  the  usual  course  of  gum- 
mata,  and  when  they  soften  and  open  on  the  surface,  leave  deep,  foul  ulcers, 
which  may  be  mistaken  for  epithelial  cancer.  The  diagnosis  of  these  affec- 
tions, and  their  treatment,  will  be  more  fully  considered  under  the  diseases  of 
the  tongue. 

The  syi^hilitic  diseases  of  the  Throat  are  amongst  the  most  common  mani- 
festations of  constitutional  sy[Dhilis,  and  frequently  occur  early.  They  present 
three  chief  forms,  occurring  in  the  early  secondary,  the  later  secondary,  and 
the  tertiary  stages  of  the  disease. 

The  early  secondary  eruption  is  a  deep-red  exanthematous  efflorescence  of 
the  soft  palate  and  pillars  of  the  fauces,  either  without  ulceration  or  with  but 
superficial  abrasion.  It  occurs  about  the  period  of  the  invasion  of  the  roseola 
and  requires  no  special  treatment.  In  the  later  secondary  period,  correspond- 
ing to  that  at  which  the  squamous  and  papular  eruptions  appear  on  the  skin, 
ulceration  of  the  tonsils  is  very  common.  It  appears  first  as  white  patches 
and  mucous  tubercles,  in  the  centre  of  which  the  ulceration  commences.  The 
nlcers  have  sharply  cut  edges,  often  somewhat  undermined.  Superficial 
mucous  patches  may  surround  the  ulcer,  and  extend  on  to  the  soft  palate  and 
pillars  of  the  fauces.  These  ulcerations  give  little  or  no  pain  in  most  cases, 
and  never  cause  any  serious  destruction  of  the  mucous  membrane.  Thej' 
require  the  ordinary  treatment  of  constitutional  syphilis,  and  locally  may  be 
occasionally  touched^with  the  perchloride  of  mercury  solution  (gr.  ij  to  gj), 
or  with  nitrate  of  silver. 

The  tertiary  ulcerations  of  the  pharynx  are  far  more  serious.  They  seldom 
occur  till  three  or  more  years  after  infection,  and  then  only  in  patients  in  a 
debilitated  state  of  health.  The  ulcers  commence  by  a  gummatous  infiltration 
of  the  mucous  membrane,  similar  in  character  to  the  tubercular  syphilides  of 
the  skin.  This  breaks  down,  and  a  serpiginous  ulceration  starts  from  the 
affected  spot,  and  may  spread  widely  and  rapidly.  The  ulcer  has  an  irregular 
form  and  a  foul  gray  surface,  and  may  destroy  in  a  few  weeks  a  great  part  of 
the  pillars  of  the  fauces  or  of  the  soft  palate.  When  the  soft  palate  is  de- 
stroyed, there  is  usually  considerable  difficulty  in  deglutition,  and  speech 
becomes  altered.  This  form  of  ulceration  occurs  sometimes  simultaneously 
with  rupia  on  the  skin,  and  requires  the  same  constitutional  treatment.  The 
best  local  application  is  a  gargle,  composed  of  corrosive  sublimate,  gr.  iv  ; 
liydrochloric  acid,  Ul^viij ;  and  water,  5X.    If  the  patient  cannot  gargle,  or 
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if  the  treatment  has  no  effect,  con-osive  subhinate  lotion  (gr.  ij  to  3.])  may  be 
carefully  applied  Avith  a  camel's  hair  pencil.  Dusting  the  surface  with  iodo- 
form often  produces  a  most  excellent  effect.  It  may  be  used  in  conjunction 
with  the  perchloridc  lotion  or  gargle.  It  is  important  to  remember  that  gargle 
of  the  perchloride  of  mercury  cannot  be  safely  used  of  a  greater  strength  than 
a  quarter  to  half  a  grain  to  the  ounce  of  water ;  stronger  preparations  must  be 
applied  with  a  brush. 

When  the  ulcers  heal  the  contraction  of  the  cicatrices  may  give  rise  to 
i^tenosis  of  llic  ijharijnj-.  This  may  occur  in  three  situations.  1st,  between 
the  top  of  the  palate  and  posterior  wall  of  the  pharynx,  so  as  to  cut  off  the 
nasal  cavities  ;  2nd,  between  the  soft  palate,  the  walls  of  the  pharynx  and 
tongue,  and  3rd,  across  between  pharynx  and  posterior  wall  of  larynx. 

This  stenosis  is  probably  the  result  of  ulceration  of  the  opposite  mucous 
surfaces  ;  but  it  is  often  out  of  all  proportion  to  the  extent  of  the  ulceration. 

The  stenosis  may  gradually  increase  until  the  contraction  becomes  so  great 
that  deglutition  becomes  seriously  impeded  and  respiration  is  carried  on  with 
great  difficulty. 

In  tlie  second  and  third  forms  of  tlie  contraction  it  becomes  necessary,  in 
order  to  enable  the  patient  to  swallow  and  to  breathe,  to  dilate  the  opening. 
This,  if  it  be  not  too  tight,  may  be  done  by  simple  dilatation  by  means  of 
bougies.  If  very  contracted,  its  edges  should  be  carefully  notched  before 
dilatation.  Before  doing  this  it  may  be  well  to  have  recourse  to  Tracheotomy 
as  a  prophylactic  measure,  averting  all  danger  of  suffocation  and  spasmodic 
irritiition  during  the  manipulations  in  the  jiharjmx. 

Syphilitic  ulcerations  have  been  described  as  occurring  also  in  the  casojihagus 
and  leading  to  stricture  of  that  canal. 

The  mucous  membrane  of  the  larynx  is  not  unfrequently  affected  both  in 
early  and  in  advanced  syphilis.  The  affections  are  similar  to  those  of  the 
fauces  and  pharynx.  During  tlie  early  exanthematous  eruptions  there  may 
be  some  catarrh  with  lioarseness  and  slight  cough.  Later  on  flat  mucous 
tubercles  may  appear,  but  ulceration  is  rare.  They  disappear  under  treatment, 
leaving  no  ill  effects  behind.  In  the  tertiary  stage  the:  most  extensive  ulcera- 
tion, leading  to  destruction  of  the  epiglottis  and  vocal  cords,  with  necrosis  oi' 
the  cartilages  may  take  place.  There  is  usually  great  tliickening  of  the 
arytaino-epiglottidean  folds,  not  unfrequently  complicated  by  the  formation 
of  submucous  gummata.  If  the  patient  recover  the  opgiiug  of  the  glottis 
may  be  so  far  closed  as  to  necessitate  tracheotomy,  and  the  constant  use  of  a 
tube  for  the  remainder  of  life.  The  symptoms  and  treatment  are  more  fully 
described  with  Diseases  of  the  Larynx,  Vol.  II. 

The  Nose  is  commonly  affected  in  constitutional  syphilis,  and  often  destruc- 
tively so,  especially  in  individuals  much  exposed  to  changes  of  temperature, 
and  who  are  unable  to  pay  proper  attention  to  their  treatment.  The  mucous 
membrane  becomes  chronically  thickened,  and  this  is  accompanied  by  discharge 
of  blood  and  pus,  coryza,  and  habitual  snuffling.  In  other  cases  ulceration 
takes  place,  with  a  very  fetid  odour  of  the  breath,  and  the  formation  of  thick 
ccthymatous  crusts  on  the  septum,  or  between  tliis  and  the  alfc.  This  ulceration 
is  very  persistent  and  troublesome,  and  requires  usually  a  mercurial  treatment, 
with  the  local  application  of  strong  nitric  acid,  or  of  the  acid  nitrate  of 
mercury,  to  arrest  its  progress.  In  many  cases  ulceration  will  rapidly  proceed 
to  destruction  and  perforation  of  the  septum,  or  necrosis  of  the  spongy 
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bones,  the  vomer,  and  ethmoid;  sometimes  excavating  the  whole  of  the 
interior  of  the  nose,  scooping  and  cleaning  it  out  into  one  vast  chasm.  When 
this  happens,  the  nasal  bones  also  are  usually  flattened,  ])roken  down,  and 
destroyed  ;  tlie  alic  and  columna  ulcerating  away,  and  producing  vast  dis- 
figurement. In  other  cuscs  the  hard  palate  is  affected,  and  perforation  takes 
})lace  from  the  nose  into  the  month.  OccasionaUy  the  disease  extends  to  the 
bones  of  the  base  of  the  skull,  and  in  this  Avay  may  occasion  impairment  of 
vision,  epilepsy,  or  death.  Cerebral  symptoms,  however,  do  not  necessarily 
occur  when  the  base  of  the  skull  is  implicated.  In  J  870  I  removed  the 
whole  body  of  the  sphenoid  from  the  nasal  cavity  of  a  man  who  had  never 
suffered  at  any  time  from  any  disturbance  of  the  cerebral  functions. 

The  Treatmmt  of  these  nasal  affections  inust  be  conducted  in  accordance 
with  general  principles.  In  many  cases  mercurial  fumigation  is  extremely 
useful,  though  as  a  rule  iodide  of  potassium  has  more  effect.  Iodoform  sniffed 
up  the  nose,  cither  pure,  diluted  with  nitrate  of  l)ismuth,  or  starch  powder,  is 
more  efficient  than  any  other  application  in  destroying  the  intolerable  stench 
that  proceeds  from  syphilitic  disease  of  the  bones  of  the  nose.  The  cavity 
must  also  be  washed  out  twice  a  day  by  means  of  a  nasal  douche.  AVhen 
loose  the  dead  bone  must  be  removed.    (See  Diseases  of  the  Nose,  Vol.  II.) 

The  mucous  membrane  of  the  rectum  is  frequently  affected  in  s^^phihs.  In 
the  early  stages  of  the  disease  mucous  tul)ercles  are  common  at  the  anus. 
Small  superficial  ulcers,  similar  to  those  on  other  mucous  membranes,  may 
also  be  met  with.     These  are,  however,  not  of  serious  importance.  The 
tertiaiy  affections  of  the  rectum,  on  the  other  hand,  are  always  serious  and 
often  fatal.    Tliey  occur  most  frequently  in  women.    Two  conditions  are 
usually  met  with  together — fibroid  induration  of  the  coats  of  the  gut  and 
ulceration  of  the  mucous  membrane.    Submucous  gummata  are  verv  rare. 
The  induration  of  the  coats  of  the  gut,  as  a  rule,  precedes  the  ulceration  ;  it 
commences  by  a  gi'owth  of  imperfectly  developed  fibroid  tissues  in  the  sub- 
mucous tissue,  starting  fi-om  the  region  of  the  anus  and  extending  upwards. 
The  new  tissue,  as  it  develops,  contracts  like  that  of  a  scar,  and  thus  the  wall 
of  the  gut  becomes  indurated  and  the  canal  narrowed.    In  the  later  stages  the 
fibroid  growth  extends  into  the  muscular  coat,  and  the  peritoneal  covering  may 
1)0  thickened  and  opaque.    The  thickening  of  the  sulnnucous  tissue  interferes 
with  the  proper  vascular  supply  of  the  mucous  membrane,  and  ulceration 
follows.    The  ulcers  have  a  foul  gray  floor  and  slightly  raised  edges.  They 
may  slowly  perforate  the  gut  into  the  vagina  or  peritoneum  ;  but  general 
peritonitis  is  rare,  as  from  the  slowness  of  the  process  firm  adhesions  to 
surrounding  parts  have  usually  formed  before  perforation  takes  place.  (See 
Syphihtic  Stricture  of  the  Eectum,  Yol.  II.)    As  the  induration  of  the  coats 
of  the  gut  at  first  causes  but  little  inconvenience,  these  cases  seldom  come 
under  the  care  of  the  Surgeon  till  some  ulceration  has  taken  place.    In  some 
cases  serpiginous  ulceration  may  be  the  primary  change  ;  but  these  are 
certainly  the  less  common. 

4.  Syphilitic  Iritis  usually  occurs  during  the  first  year  after  infection, 
and  often  in  people  who  are  otherwise  strong  and  healthy.  The  ordinarv 
symptoms  of  iritis,  somewhat  modified,  characterize  the  affection.  The  patient 
complains  of  dimness  of  sight,  pain  in  the  eye,  and  often  of  veiy  severe  cir- 
eumorbital  or  hemicrauial  ]-)ains.  On  examining  the  eye,  the  conjunctiva 
Avill  be  found  to  be  slightly  injected,  and  a  zone  of  \m\\  vessels  to  be  seated 
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on  the  sclerotic,  close  to  the  covuea  ;  the  aqueous  humour  has  lost  its  traiis- 
l)arency,  giving  a  muddy  look  to  the  eye,  and  the  colour  of  the  iris  is  altered. 
The  pupil  is  diminished  in  size  and  irregular  in  shape,  usually  angular  towards 
the  nasal  side,  and  suiall  yellowish  or  brownish  nodules  of  lymph  may  he  seen 
to  be  deposited  on  the  surface  of  the  iris.  If  the  case  be  left  to  itself,  or  bo 
improperly  treated,  it  will  advance  to  disorganization  of  the  globe,  and  to 
permanent  loss  of  sight.  The  retina  often  becomes  affected,  aud  incurable 
blindness  results. 

The  Trcatmeni  consists  in  local  depiction  by  means  of  cupjiing  aud  leeches 
to  the  temples,  and  the  administration  of  calomel  and  opium  internally,  at  the 
same  time  that  a  strong  solution  of  atropine  is  put  frequently  into  the  eye. 
Most  commonly,  as  the  mouth  becomes  affected  by  the  mercurial,  the  eye  will 
clear,  the  lymph  becoming  absorbed,  and  the  pupil  regaining  its  normal  shape 
and  colour.  In  some  cases,  however,  a  chronic  inflammation  continues  ;  here 
the  best  effects  result  from  the  administration  of  small  doses  of  perchloride  of 
mercury,  with  repeated  blistering  to  the  temples  ;  and,  in  a  later  stage,  soda 
and  bark  may  be  advantageously  given. 

<"»•  Syphilitic  Diseases  of  the  Bones. — The  bones  are  liable  to  suffer 
both  the  secondary  and  tertiary  stages  of  syphilis. 

In  the  secondary  stage  aching  pains  in  the  bones  are  not  uncommon. 
They  are  worse  at  night,  and  may  be  miaccompanied  by  any  recognizable 
change  of  structure. 

The  characteristic  bone  diseases  of  syphilis  are  usually  delayed  till  the 
tertiary  stage,  some  two  years  or  more  after  infection.  By  some  Sin-geons  the 
graver  forms  are  said  to  be  the  result  of  the  administration  of  mercury,  rather 
than  of  the  syphilis  for  which  the  mineral  is  given.  This  doctrine  I  believe 
to  be  entirely  without  foundation.  That  they  are  met  w  ith  in  syphilitic  cases 
in  which  no  mercury  lias  been  giA'cn,  there  can  be  no  doubt.  I  have  had 
under  my  care  patients  with  extensive  disease  of  the  cranium  and  of  the 
clavicle,  whose  syphilis  had  been  treated  from  first  to  last  on  the  non- 
mercurial  plan.  One  patient,  especially,  a  soldier,  ft'om  whom  I  removed 
portions  of  the  cranium  and  of  the  clavicle  for  necrosis  accompanying  consti- 
tutional syphilis,  had  been  treated  in  a  military  hospital  without  mercury. 
I  have  never  seen  or  heard  of  mercury  producing  necrosis  in  any  bones,  except 
those  of  the  jaws,  when  given  for  diseases  other  than  syphilis.  No  doubt 
diseases  of  the  bones  are  especially  apt  to  occur  when  the  patient's  constitution 
has  been  broken  down  by  any  means ;  and  an  improperly  conducted  mercurial 
course  may  have  this  result.  They  occur  usually  after  the  patient  has  passed 
through  the  whole  course  of  tlie  less  severe  syphihtic  affections,  such  as  those 
of  tlie  skin,  mucous  membrane,  and  throat.  The  affections  of  the  bones, 
however,  may  in  some  cases  declare  themselves  at  the  same  time  with  the 
affections  of  the  skin  and  mucous  membranes.  They  more  commonly  occur 
amongst  the  poorer  classes,  especially  those  who  are  exposed  to  atmospheric 
vicissitudes,  and  chiefly  in  strumous  constitutions. 

The  diseases  to  which  the  bones  are  liable  as  a  consequence  of  syphilis  arc 
the  following  : — 

SyphiUHc  Periostitis  or  Node. — This  consists  of  a  localized  inflammation 
of  the  periosteum,  usually  affecting  one  bone  only,  but  sometimes  many.  The 
inflammation  is  accompanied  by  exudation  into  and  under  the  membrane  ; 
the  exudation  may  be  absorbed,  and  the  part  restored  to  its  normal  condition, 
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but  more  commonly  it  is  partly  or  entirely  developed  into  new  bone,  and  thus 
a  permanent  thickening  may  remain.  In  the  early  stages  the  new  bone  is 
soft  and  spongy,  and  is  sharjjly  separated  from  the  compact  bone  beneath, 
which  beyond  some  slight  superficial  rarefaction  from  enlargement  of  the 
Haversian  canals  shows  no  sign  of  change.  As  time  goes  on,  however,  the 
new  bone  becomes  more  compact  till  at  last  it  seems  merely  a  part  of  the 
compact  tissues  which  may  at  the  affected  spot  be  a  little  denser  than  luitural. 
Nodes  may  occur  on  almost  any  of  the  bones  ;  but  they  are  most  commonly 
met  with  on  the  tibia,  the  clavicle,  or  the  bones  of  the  forearm.  They  form 
indolent,  elongated,  uniform,  elastic  or  hard  swellings,  usually  tender  on 
pressure,  and  generally  but  little  painful  during  the  day  ;  but  at  night  the 
aggravation  of  pain  is  peculiarly  marked,  and  constitutes  perhaps  the  most 
distressing  symptom.  They  cause  no  redness  of  the  skin  and  have  no 
tendency  to  suppurate. 

;  Sclrrosis  of  Bone. — This  corresponds  to  the  diffuse  overgrowth  of  fibroid 
tissue  in  other  parts.  It  usually  affects  one  of  the  long  bones  of  the  cranium. 
The  affected  bone  becomes  increased  in  size  and  density.  The  new  osseous 
tissue  is  formed  on  the  surface  from  the  periosteum,  l)ut  does  not  show  the 
distinct  separation  from  the  old  so  clearly  noticed  in  the  ordinary  node,  the 
growth  is,  moreover,  not  limited  as  in  a  node,  but  widely  diffused  as  through 
the  whole  shaft  of  a  long  bone  or  throughout  the  vault  of  the  skull.  At  the 
same  time  that  new  bone  is  formed  on  the  surface  a  similar  change  may  occur 
internally  till  the  medullary  canal  becomes  gradually  filled  with  dense  new 
bone.  The  symptoms  of  this  affection  are  merely  the  steady  increase  in  size, 
with  obscure  aching  pains,  worse  at  night. 

Gnnimata  of  Bone. — These  never  form  as  the  sole  morbid  condition  ;  they 
are  always  associated  with  ;the  periosteal  node  or  with  sclerosis  of  the  sur- 
rounding bone.  They  most  commonly  form  superficially,  and  are  at  first 
indistinguishable  from  the  ordinary  node  ;  in  fact,  as  before  pointed  out,  the 
gumma  in  its  commencement  is  identical  in  its  nature  with  the  diffuse 
syphilitic  overgrowth  of  fibroid  tissue,  differing  merely  in  its  localization  and 
intensity  and  in  its  tendency  to  fatty  degeneration  and  softening.  A  sub- 
periosteal gumma  runs  the  ordinary  course  of  such  growths  ;  if  unrelieved  by 
treatment  it  gradually  increases  in  size,  approaches  the  skin  superficially, 
and  extends  into  the  bone  beneath  ;  finally,  it  softens,  the  skin  gives  way, 
the  slough  is  discharged,  and  a  deep  ulcer  is  left,  at  the  bottom  of  which 
spongy  ulcerating  bone  is  exposed.  This  forms  the  most  common  variety  of 
sypMUtic  caries.  In  the  cranium  the  gumma  may  completely  perforate  the 
bones,  but  more  commonly  it  is  associated  -^^ith  great  sclerosis  of  the  vault  of 
the  skull,  the  thickened  bone  being  hollowed  out  and  wormeaten  in  parts 
coiTcsponding  to  the  situation  of  the  gummata.  Occasionally  the  gunmiata 
form  on  the  internal  aspect  of  the  skull,  and  may  give  rise  to  cerebral 
symptoms.  Gummata  of  bone  form  rounded  flattened  tumours,  growing  from 
the  bone  slowly,  with  some  aching  paiu,  usually  worse  at  night.  After  a 
time  they  soften,  and  may  then  resemble  abscesses.  However  soft  the  part 
may  be,  they  must  on  no  account  be  opened  ;  as  absorption  may  take  place 
even  after  distinct  fluctuation  is  present. 

SyphiUtk  Necrosis  may  arise  in  various  ways.  In  the  vault  of  the  skull  it  is 
most  commonly  due  to  an  exaggeration  of  the  process  of  sclerosis,  by  which 
the  Haversian  canals  become  obliterated  to  such  an  extent  that  death  of  the 
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bone  iullous.  The  soqucstra,  thus  foruu'd  arc  often  of  ooiisi(lera1)le  si;'-o,  soiiio- 
timos  reaching  that  of  the  pahn  of  the  hand.  I'hey  are  composed  of  dense 
hard  bone,  much  thicker  than  the  normal  skull,  and  always  more  or  less 
wormeaten  on  the  surface.  This  appearance  is  due  to  the  previous  existence 
of  subperiosteal  guinniata  which  have  softened  and  been  thrown  off.  The  skin 
of  the  scalp  having  been  implicated  in  the  gumraata  is  destroyed  partly  by  the 
softening  of  the  guminata  and  partly  by  subsequent  ulceration,  so  that  the 
surface  of  the  sequestrum  is  usually  bare  and  exposed.  The  process  of 
separation  is  very  slow,  often  lasting  many  years.  Cerebral  symptoms  may  be 
present,  but  are  certainly  quite  as  often  absent.  Necrosis  of  the  bones  of  the 
base  of  the  skull  may  arise  in  the  same  way,  or  may  result  from  ulceration  of 
the  mucous  membrane  of  the  nasal  cavity  or  pharynx  by  which  they  are  in 
many  parts  thinly  coA'ered,  The  tertiary  ulcerations  in  the  mouth  and  nose 
also  may  be  folloAved  by  necrosis  of  the  hard  palate,  of  the  turbinate  and 
ethmoid  bones  ;  but  it  is  a  remarkahle  fact  that  the  hard  palate  is  ]iot  nearly 
so  freciucncly  affected  as  the  nasal  and  spongy  bones.  In  conse(]uence  of 
this  destruction  of  bony  tissue,  the  nose  may  fall  in,  or  a  communication  may 
be  established  between  the  nose  and  mouth  through  the  hard  palate.  Syphilitic 
necrosis  may  affect  also  the  alveolar  processes  of  the  jaws.  It  is'  very  un- 
(jonimon  in  tlie  long  bones. 

Si/phillfic  Caries,  or  ulceration  of  bone,  is  most  commonly  the  result  of  the 
softening  of  a  periosteal  gumma,  but  it  may  be  due  to  the  extension  of  a  superficial 
ulcer  to  the  bone  in  thinly  co^'ered  parts.  The  caries  is  rarely  uncomplicated; 
usually,  the  surrounding  compact  bone  is  sclerosed,  or  in  the  neighbourhood 
(jf  the  ulcer  there  may  be  a  considerable  formation  of  iiew  bone  from  the 
])eriosteum.  In  other  cases  the  process  is  a  combination  of  necrosis  and 
ulceration  ;  the  sequestra  being  surrounded  by  a  zone  of  ulceration  extending- 
a  considerable  distance  from  the  dead  bone  and  not  closely  limited  to  its  edge, 
as  in  the  process  of  separation  of  a  simple  piece  of  dead  bone.  Syphilitic 
caries  is  most  common  in  the  skull,  but  it  is  met  with  also  in  other  parts. 
The  upper  part  of  the  sternum  is  not  an  uncommon  situation.  It  is  also  met 
Avith  in  the  extremities.  I  have  twice  seen  a  peculiar  form  of  carles  of  the 
cancellous  tissue  of  the  head  of  the  tibia  in  old  syphilitic  cases.  In  both 
cases,  which  were  very  similar,  the  patients  had  been  affected  for  a  length  of 
time  with  nodes  of  the  tibia,  as  a  consequence  of  long  antecedent  syphilitic 
taint.  A  chronic  abscess  eventually  developed  over  the  head  of  the  bone, 
leading  to  a  carious  cavity.  I  exposed  this  and  gouged  the  diseased  bone 
away  ;  it  was  peculiarly  dry,  light,  and  almost  flocculent,  if  such  a  term  can  be 
applied  to  bone.  Both  patients  recovered  well  from  the  operation  ;  but  one 
of  them,  a  female,  died  two  years  afterwards  of  epilepsy,  consequent  on 
svphilitic  guramata  of  the  dura  mater. 

"  Both  in  acquired  and  liereditary  sypliilis  tlie  bones  of  the  fingers  and  toes 
are  sometimes  attacked,  giving  rise  to  the  condition  known  as  syphilitic 
ilactijliiis.  It  most  conmionly  assumes  the  form  of  gummatous  periostitis, 
often  followed  by  softening  of  the  new  tissue  and  necrosis  of  the  phalanx. 
The  affected  bones  are  much  enlarged. 

From  the  foregoing  description  it  will  be  seen  that  the  diseases  of  bones 
due  to  syphilis  arc  all  modifications  of  the  same  process  wliich  characterizes 
the  disease  elsewhere  in  its  tertiary  stage,  namely,  an  overgrowth  of  the  con- 
nective tissue,  the  new  tissue  accumulating  in  some  places  in  such  masses  as 
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to  form  a  distinct  tumour,  tlic  gumma,  which  being  imperfectly  sup})licd  with 
blood  tends  to  dcgciierate.  The  node  and  the  uncomplicated  sclerosis  of  bone 
IVtrm  the  simplest  stage  of  the  process,  the  formation  of  gummata  is  the  next 
udvauce,  necrosis  is  an  accident  due  to  exaggeration  of  the  sclerosis,  or  to 
exposure  of  the  bone  from  softening  of  the  gummata,  and  caries  results  also 
from  the  latter  condition.  It  is  not  surprising,  therefore,  that  we  meet  with 
these  various  effects  combined  iu  every  possible  way  ;  the  gumma  is  always 
surrounded  by  periostitis  with  or  without  the  formation  of  new  bone,  caries 
and  necrosis  occur  mixed  together,  and  new  growth  and  destruction  may  g<j 
on  side  by  side. 

The  GonstHtdwnal  Treatment  of  syphilitic  diseases  of  the  bones  is  that 
already  recommended  for  the  tertiary  stage  of  the  disease.  Mercury  is  ad- 
missible only  if  the  patient  is  otherwise  in  good  health.  Usually  the  iodides  of 
potassium  or  sodium  give  the  desired  relief  when  administered  iu  sufficiently 
large  doses.  Localtij  the  treatment  varies  with  the  form  assumed  by  the 
disease.  The  simple  node  usually  requires  no  local  treatment.  If  it  is 
A-ery  chronic  and  painful,  blisters  will  almost  always  give  relief.  If  these 
fail  and  the  case  proves  ^  ery  intractable,  and  especially  if  there  is  considerable 
formation  of  new  bone,  I  have  found  the  greatest  advantage  result  from 
cutting  down  upon  the  enlarged,  thickened,  and  tender  bone,  and  by  means 
of  a  Hey's  saw  making  a  deep  cut  into  it  about  one  and  a  half  or  two  inches 
in  length  parallel  to  its  axis,  and  down  to  the  medullary  canal.  By  this  opera- 
tion the  tension  is  at  once  relieved,  and  the  pain  eflFectually  and  permanently 
removed.  In  syphilitic  necrosis  the  necrosed  bone  should  be  separated  as  it 
becomes  loose,  the  local  irritation  depending  on  its  presence  then  subsiding. 
When  the  bone  has  fallen  into  a  carious  state,  the  unhealthy  surface  should  be 
thoroughly  scraped  with  a  sharp  spoon,  and  the  cavity  dressed  witli  iodoform 
or  iodide  of  starch  ointment. 

Syphilitic  diseases  of  Joints  are  not  of  frequent  occurrence.  Pains  in  the 
joints  are  not  uncommon  during  the  very  earliest  stages,  before  the  appearance 
of  the  eruptions  ;  and  during  the  secondary  stage  some  slight  synovitis  has 
occasionally  been  observed,  apparently  due  to  the  disease,  but  these  conditions 
are  of  no  great  importance.  In  the  later  stages  the  joints  may  become  atfectcd 
by  the  formation  of  gummata  in  the  capsule  or  in  surrounding  structures,  but 
this  is  not  common.  The  articular  ends  of  the  bones  are  less  liable  than 
other  parts  to  syphilitic  disease  in  the  adult. 

7.  Syphilitic  disease  of  the  Muscles  and  Tendons  has  been  described  by 
Bouisson  and  others.  These  structures  are  not  uufrequently  affected,  but  less 
often  than  the  bones.  In  the  muscles  diffuse  sclerosis  has  been  described,  ])ut 
it  is  exceedingly  rare.  Gummata  are  much  more  common  ;  they  form  ill- 
defined  tumours  in  the  substance  of  the  muscle,  growing  slowly,  with  some 
aching  pain  and  tenderness.  They  are  less  prone  to  soften  than  similar 
growths  in  more  su]ierficial  structures.  Elongated  tumours  resembling  nodes 
ha\e  been  described  as  affecting  the  tendons,  and  gummata  are  occasionallv 
observed  in  their  substance.  They  resemble  similar  growths  elsewhere,  and 
are  best  treated  by  iodide  of  potassium. 

8.  Syphilitic  disease  of  the  Testicle.— This  assumes  two  forms 
— the  diffuse  ovcrgi-owth  of  the  inter-tubular  connective  tissue,  and  the 
formation  of  gummata.  These  diseases  aflect  the  body  of  the  gland,  and 
are  always  met  with  as  tertiary  phenomena.    The  symptoms,  pathological 
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appearances,  and  treatment,  arc  fullv  described  with  diseases  of  tlie  testicle. 
Vol.  IT. 

0.  Syphilitic  Ovaritis  is  a  disease  that  I  believe  I  have  on  several  occa- 
sions met  with.  The  history  of  the  cases  has  been  nnifonnly  as  follows  :  an 
attack  of  syphilis  lont>-  ago ;  various  constitutional  symptoms  running- 
through  secondary  and  tertiary  stages  ;  inflammatory  congestion  of  one  ovary, 
as  determined  by  vaginal  and  rectal  exploration  ;  eventual  cure  by  means  of 
leeching  and  the  perchl or ide  of  mercury  and  bark  or  iodide  of  potassium  ; — 
in  fact,  a  condition  of  things  closely  resembling  what  occurs  in  syphilitic 
disease  of  the  testicle. 

10.  Visceral  Syphilis. — Our  knowledge  of  the  syphilitic  diseases  of 
internal  organs  is  of  modern  origin,  and  still  somewhat  imperfect.  "  Visceral 
Syphilis  "  was  not  only  unknown  to,  but  unsuspected  by,  so  acute  an  observei" 
as  John  Hunter,  and  the  syphilographers  of  the  early  part  of  this  century 
make  no  mention  of  it.  To  Dittrich,  Lancereaux,  Wilks,  Bristowe,  and  Moxon 
we  are  indebted  for  the  establishment  of  the  fact  that,  after  external  manifesta- 
tions of  syphilis  have  in  a  great  measure,  if  not  entirely,  disappeared,  and  the 
disease  has  entered  its  tertiary  stage,  gummata  may  form  in  most,  if  not  in  all, 
the  internal  organs,  producing  serious  functional  disturbance,  and  leading  to 
organic  changes  of  the  most  extensive,  deep-seated,  and  fatal  character. 

It  may  now  be  taken  as  a  fact,  incontestably  established  by  numerous  patho- 
logical observations,  that  there  are  few,  if  any,  organs  that  escape  the  ravages 
of  syphilis  ;  and  although  there  may  be  a  doubt  whether  some  of  the  forms  of 
disease  met  with  in  certain  organs,  as  the  liver,  lungs,  and  spleen,  and  described 
as  syphilitic,  may  not  in  reality  be  due  to  non-specilic  disease,  to  which,  as  well 
as  to  syphilis,  they  are  common,  there  can  be  no  doubt  of  the  fact,  as  Moxon 
has  pointed  out,  that  when  gummata  are  met  with  in  internal  organs,  the  fact 
of  the  syphilitic  nature  of  the  disease  is  established. 

The  general  pathological  characters  of  the  changes  in  the  viscera  and  in  the 
arteries  have  already  been  described  (p.  1092).  The  complete  description  of 
the  visceral  affections  belongs  rather  to  Medicine  than  Surgery,  and  it  will  be 
suflR(;ient  here  briefly  to  indicate  their  nature. 

Ill  the  heart,  syphilitic  deposits  have  been  found  on  the  endocavdiuni,  less 
frequently  in  the  vahes  ;  and  two  forms  of  myo-carditis  of  syphilitic  origin — 
one  circumscribed,  the  other  diffuse — have  been  described  by  Lancereaux. 

The  limgs,  liver,  and  spleen  are  all  liable  to  syphilitic  dei3osits.  As  a  general 
rule,  they  may  affect  two  forms — occurring  either  as  gummata.  or  as  a  diffnse 
interstitial  growth,  which  in  the  liver  may  simulate  cirrhosis,  and  in  the  lun<;S 
some  of  the  forms  of  "  flbroid  phthisis."  These  syphilitic  visceral  diseases  not 
nnfi-equently  run  a  fatal  course :  rarely,  however,  destroying  the  patient  before 
the  age  of  .So  (Wilks).  The  diagnosis  of  the  specific  nature  of  the  affection 
must  always  be  open  to  doubt,  except  in  those  cases  in  which  the  history  of 
the  infection  has  been  continuous,  and  some  of  the  more  superficial  and  easily 
recognizable  syphilitic  affections  are  associated  with  the  visceral  forms  of  the 
disease.  80  f^ir  as  treatment  is  concerned,  our  chief  reliance  must  l)c  placed  on 
iodide  of  potassium,  or  if  that  fail,  on  the  careful  administration  of  mercury. 

11.  Syphilitic  disease  of  the  Mamma  is  of  extreme  rarity,  and  little  is 
definitely  known  about  it.  CJunnnata  have  been  described  by  Hennig  as 
having  been  observed  after  death  in  one  case. 

12.  There  is  no  moi'c  distressing  form  of  syphilitic  disease  than  tliat  which 
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iiffocts  the  Nervous  System,  The  brain  and  spinal  cord  and  their  meninges, 
and  the  trunks  of  the  nerves,  are  all  liable  to  suffer. 

Syphilitic  affections  of  the  nervous  system  have  been  described  as  occurring 
during  the  hrst  year  after  infection,  but  such  cases  are  of  extreme  rarity  ;  as 
a  rule°they  do  not  manifest  themselves  till  after  the  end  of  the  second  year, 
and  they  may  appear  as  late  as  the  tenth,  or,  it  is  said,  even  the  twentiefclu 
They  occur  at  all  ages,  and  are  not  uncommon  in  young  men.  I  have  often 
seen  syphilitic  disease  of  the  ncrx'ous  system  about  the  age  of  25  or  :)(». 
It  is  the  common  cause  of  paralysis  in  early  manhood.  The  development 
of  the  symptoms  may  follow  some  slight  accident— a  Hdl  upon  or  a  strain  of 
the  back,  or  over-exertion  in  walking,  riding,  or  running.  The  primary 
disease  has  often  been  slight — the  secondary  symptoms  trivial  ;  and  indeed  no 
great  importance  may  have  been  attached  to  the  venereal  infection  until  tlio 
iuanifcstations  of  its  most  terrible  and  destructive  effects  on  the  brain  and 
cord.  In  other  cases  the  patient  may  be  suffering,  at  the  time  of  the  appear- 
ance of  the  nervous  symptoms,  from  severe  tertiary  affections,  such  as  ecthyma, 
rupia,  serpiginous  or  sloughing  ulceration  of  the  throat,  or  painful  nodes  on  the 
cranium,  vertebral  column,  or  long  l)ones.  Habitual  excess  in  alcoholic  stimu- 
lants forms  a  powerful  predisposing  cause  of  syphilitic  disease  of  the  nervous 
system. 

The  pathological  changes  in  the  nervous  system  are  of  the  same  character 
as  in  other  parts  of  the  body.  They  consist  of  chronic  inflammation,  witli 
thickening  of  the  meninges  ;  overgrowth  and  induration  of  the  interstitial 
tissue  of  the  nervous  centres  and  ner\'cs  ;  the  formation  of  gummata ;  and  the 
obstructive  changes  in  the  arteries  already  described  (p.  1092).  Certain  chronic 
degenerative  diseases  of  the  cord,  especially  sclerosis  of  the  posterior  columns 
(locomotor  ataxy),  follow  syphilis  with  sufficient  frequency  to  justify  the  belief 
that  the  disease  may  stand  in  some  causal  relation  to  them. 

Syphilitic  disease  of  the  brain  declares  itself  by  two  chief  symptoms,  either 
separately  or  conjoined:  viz., paralysis  and  epileptic  convulsions.  Before  these 
definite  signs  manifest  themselves,  various  premonitory  symptoms  may  have 
existed.  The  most  common  is  severe  pain  in  the  head,  usually  fixed  in  one 
spot,  often  worse  at  night ;  there  may  also  be  some  mental  disturbance  and 
want  of  sleep. 

Paralysis  fi'om  syphilitic  disease  of  the  brain  usually  assumes  the  form 
of  hemiplegia.  It  may  be  preceded  by  paresis  of  special  parts,  as  of  one  limb 
or  gi'oup  of  muscles,  which  may  be  temporary  in  its  character.  The  nerves  of 
sensation  also  may  be  affected.  Special  cranial  nerves  may  suffer.  The 
third,  fourth,  sixth,  and  seventh  are  often  early  attacked,  giving  rise  to  ptosis, 
strabismus,  or  facial  palsy.  I  have  never  seen  the  fifth  nerve  paralysed  in 
syphilis,  but  cases  have  been  recorded  in  which  it  was  affected.  Oculo-motor 
paralysis  in  some  form,  on  the  other  hand,  is  very  frequently  the  result  of 
syphihs,  and  when  it  occurs  in  young  men  it  should,  however  passing  and 
slight,  always  attract  the  most  serious  attention,  as  it  is  often  the  precursor  of 
more  general  paralysis.  The  early  aff'ection  of  the  nerves  that  lie  in  the  wall 
of  the  cavernous  sinus  is  probably  due  rather  to  syphilitic  thickening  of  the 
dui-a  mater,  with  which  they  are  in  such  close  relation,  than  to  an  aff'ection  of 
the  substance  of  the  brain. 

If  the  patient  be  hemiplegic,  he  may  be  completely  so,  but  very  often  the 
paralysis  is  limited  to  one  limb,  or  may  be  irregular  in  its  degree  in  diff'ereut 
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parts.  It  is  often  accompanied  by  rigidity.  These  differences  are  due  to  the 
situation  of  the  disease  in  the  brain.  Gumniata  in  the  dura  mater  or  bone  in 
the  region  of  the  cortical  motor  centres  may  cause  irregular  paresis  or  complete 
paralysis  of  the  parts  corresponding  to  the  affected  centre.  Syphilitic  growths 
in  the  deeper  parts  of  the  brain  may  give  rise  to  complete  hemiplegia,  coming 
on  gradually,  and  occlusion  of  a  cerebral  artery  aflected  with  the  changes 
already  described  as  occurring  in  syphilis,  may  lead  to  the  same  symptoms 
being  developed  suddenly.  Aneurisms  also  of  the  cerebral  arteries,  euding  in 
rupture  Avith  the  ordinary  signs  of  apoplexy,  may  occur  as  the  consequence 
of  syphilis. 

Optic  neuritis  is  very  common  in  syphilitic  disease  of  the  brain,  especially  in 
cases  of  very  chronic  meningitis,  or  when  gummata  are  present. 

Epileptic  seizures  are  common  in  syphilitic  affections  of  the  brain.  They 
generally  result  from  chronic  thickening  of  the  dura  mater,  or  the  develop- 
ment of  gummata  in  the  membranes  or  substance  of  the  brain  in  the  region  of 
the  cortical  motor  centres.  Gowers  states  that  they  differ  from  the  ordinary 
convulsions  of  epilepsy,  especially  when  the  motor  zone  of  the  cortex  is  diseased, 
in  the  deliberate  onset  of  at  least  some  of  the  attacks  ;  in  consciousness  being 
lost  late,  and  in  the  patient  being  aware  of  the  local  onset  of  the  convulsions 
in  the  face,  hand,  or  foot.  In  other  cases,  probably  when  the  sensory  rather 
than  the  motor  region  is  diseased,  a  sensory  aura,  often  involving  the  special 
senses,  may  herald  the  fit."  According  to  Gowers,  syphilitic  epilepsy  is 
recognized  by  its  appearing  usually  at  an  age  when  the  idiopathic  disease 
seldom  commences,  by  the  headache  between  the  fits,  by  the  coincidence  of 
optic  nem-itis,  and  often  of  local  paralytic  symptoms,  and  by  the  early  and 
often  progressive  mental  disturbance.  The  fits  are  often  of  a  very  violent 
character,  and  foUoAA  ed  by  coma.  But  dangerous  as  these  attacks  may  become, 
there  is  always  a  prospect  of  cure  by  proper  treatment,  although  in  some  cases 
the  fits  may  persist  even  after  there  is  every  reason  to  believe  that  the  syphilitic 
growth  which  originated  them  has  been  absorbed.  In  other  cases  again,  the 
mental  powers  undergo  gradual  deterioration,  delusions  manifesting  themselves, 
and  the  patient  falls  into  a  state  of  semi-imbecility. 

There  is  truly  not  a  more  pitiable  object  to  be  seen  than  a  man,  young  or 
in  the  prime  of  life,  suffering  from  syphilitic  disease  of  the  nervous  centres— 
aflFected  by  ptosis,  Avith  one  eye  staring  and  immovable  or  squinting,  the  face 
distorted,  the  lip  dropped  and  saliva  dribbling,  defective  in  his  articulation, 
straddling  and  insecure  in  his  walk,  dragging  one  leg  behind  him,  at  times 
the  victim  of  the  most  frightful  epileptic  paroxysms,  often  covered  by  rupial 
gores—he  is  truly  a  fit  object  for  commiseration  rather  than  one  for  reprobation 
and  reproach. 

SyphiUtic  disease  of  the  Spinal  Cord.— The  most  common  syphilitic 
lesions  of  the  cord  are  chronic  meningitis  and  the  development  of  gummata, 
which  arise  most  frequently  in  the  membranes,  but  sometimes  originate  in  the 
substance  of  the  cord  itself.  The  gummata  are  usually  small,  rarely  exceeding 
half  an  inch  in  diameter,  though  Wilks  has  recorded  a  case  in  which  the 
tumour  reached  the  size  of  a  large  filbert.  Most  commonly  only  one  gumma  is 
met  Avith,  but  cases  have  been  described  in  Avhich  numerous  small  tumours  the 
size  of  millet-seeds  Avere  present.  When  the  disease  assumes  the  form  of 
menino-itis,  there  is  usually  considerable  thickening  of  the  dura  mater,  but  the 
other  membranes  also  may  suffer,  and  the  superficial  parts  of  the  cord  be  im- 
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plicated.  The  roots  of  the  nerves  are  coiupressed  as  they  pass  through  the 
thickened  membranes.  The  disease  may  be  widely  diffused,  but  is  more  com- 
monly limited  in  extent,  the  region  of  the  lumbar  enlargement  being  specially 
prone  to  be  affected. 

Syphilis  may  be  the  cause-also  of  disseminated  chronic  myelitis,  leading  to 
sclerosis,  and  Gowers  has  brought  forward  a  large  amount  of  e^^dence  to 
show  that  locomotor  ataxy  (sclerosis  of  the  posterior  columns)  may  have  its 
origin  in  this  way  ;  about  one-half  of  the  cases  of  this  disease  occur  in 
patients  who  have  suffered  from  constitutional  syphilis. 

The  Symptoms  of  syphilitic  disease  of  the  cord  supervene  gradually.  They 
are  pain  either  in  the  back  opposite  the  seat  of  disease,  or  referred  to  the 
parts  supplied  by  the  nerves  arising  from  the  affected  portion  of  the  cord. 
Various  affections  of  sensation  are  commonly  met  with  ;  there  may  be 
numbness,  tingling,  or  pins  and  needles,  or  local  spots  of  hyperaesthesia  or 
anaesthesia.    Paralysis  of  one  limb  or  a  part  of  a  limb,  or  complete  paraplegia, 
may  form  a  prominent  symptom.    Wasting  occurs  only  in  those  muscles 
which  are  paralysed  in  consequence  of  damage  to  the  part  of  the  cord  fi'om 
which  their  nervous  supply  is  derived,  or  of  pressure  on  the  roots  of  the 
nerves.    Thus,  although  there  may  be  complete  paraplegia,  the  wasting  may 
affect  only  certain  groups  of  muscles.    The  reflex  function  of  the  cord  is 
abolished  in  the  diseased  part,  but  lower  down  it  may  be  increased  ;  thus  in 
disease  in  the  dorsal  region  there  may  be  exaggerated  reflex  movements  in 
the  lower  limbs.    Rigidity  of  muscles  is  common,  spasm  comparatively  rare. 
When  the  paralysis  is  unilateral,  the  modifications  of  sensation  will  be  on  the 
same  side  as  those  of  motion  when  the  roots  of  the  nerves  are  affected,  but  on 
the  opposite  side  when  the  condition  is  due  to  the  growth  of  a  localized  tumour, 
either  in  the  substance  of  the  cord  or  in  its  membranes.    The  symptoms  may 
be  rendered  A-ery  irregular  and  complex  by  the  co-existence  of  various  lesions, 
such  as  irregular  patches  of  chronic  meningitis,  or  a  gumma  combined  Avith 
meningitis,  or  more  than  one  gumma  in  different  parts  of  the  cord,  and  this 
irregularity  of  the  symptoms  may  be  still  further  increased  by  simultaneous 
disease  of  the  brain  and  its  membranes.    The  age  of  the  patient,  the  history 
of  syphilis,  and  the  irregularity  of  the  symj^toms  often  render  the  diagnosis 
comparatively  easy. 

The  Nervp.s  are  comparatively  rarely  affected,  though  gummata  have  been 
met  with  growing  from  the  connective  tissue  forming  their  sheaths.  These 
haA-e  been  observed  almost  exclusively  in  the  cranial  nerves. 

In  the  Treatment  of  syphilitic  disease  of  the  central  nervous  system,  if  not 
too  far  advanced,  there  is  fortunately  much  to  be  done  for  the  patient's  relief, 
if  not  complete  cure.  Mercury  in  some  form,  more  especially  the  perchloride 
with  decoction  of  cinchona,  if  not  previously  fully  used,  should  have  a  fiiir 
trial.  Iodide  of  potassium  in  gradually  increasing  doses,  up  to  fifteen  or 
twenty  grains,  three  times  a  day,  if  the  patient  can  stand  it,  should  be  given 
at  once  in  those  cases  in  which  the  patient  has  already  had  a  full  course  of 
niercury,  or  in  which  the  constitutional  state  does  not  justify  the  administra- 
tion of  mercury  at  the  time  the  nervous  symptoms  set  in.  Counter-irritation 
by  means  of  blisters  or  setons  will  occasionally  be  found  useful.  The  epileptic 
convulsions  may  be  relieved  by  bromide  of  potassium  or  of  ammonium,  but 
these  must  not  be  given  to  the  exclusion  of  the  iodides.  Under  this  treatment 
cases  at  first  apparently  hopeless  may  rapidly  recover,  but  when  the  disease  is 
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far  advanced,  with  the  formation  of  gummata  of  large  size,  the  prognosis 
becomes  very  bad. 

INFANTILE,    CONGENITAL,    OR   INHERITED  SYPHILIS. 

Chuncres  on  the  labia  of  the  mother  may  possibly  infect  the  cliild  at  birth; 
just  as  they  may  inoculate  tlie  hand  of  the  accoucheur  ;  but  syphilis  thus 
contracted  by  the  infant  is  not  the  form  of  the  disease  that  is  described 
as  Infantile  Syphilis.  This  is  a  truly  hereditary  infection,  transmitted  to 
the  infant  at  the  time  of  its  conception,  or  communicated  to  it  through  the 
medium  of  the  mother  during  intra-nterine  life,  and  existing  as  a  constitu- 
tional affection  at  the  time  of  its  birth.  Though  we  may  believe  that  syphilis 
is  not  easily  eradicated  from  a  system  into  which  it  has  once  been  received,  and 
that  under  certain  conditions  it  may  readily  be  transmitted  to  the  offspring  ; 
vet  I  think  that  we  are  still  ignorant  of  the  amount  and  nature  of  the  consti- 
tutional  ati'ection  of  the  parents  that  are  necessary  for  the  development  of 
syphilis  in  their  children,  and  that  we  are  certainly  not  warranted  in  conclud- 
ing that  a  parent  who  has  been,  or  even  who  is  actually  affected  by  constitu- 
tional syphilis,  nnist  necessarily  have  a  syphilitic,  or  even  a  feeble  and  strumous 
family  ;  although  the  probability  undoubtedly  is  that  the  offspring  will  be 
syphilitic.  I  have  had  under  my  observation  a  gentleman  whom  I  had 
attended  for  secondary  svphilis,  and  who,  contrary  to  my  advice,  married  some 
years  ago  ;  and,  though  he  has  since  then  suffered  from  psoriasis  of  the  hands, 
mucous  tubercles,  fissures  on  the  lips  and  tongue,  and  syphilitic  disease  of  the 
testicle,  yet  his  wife  has  borne  a  perfectly  healthy  family,  not  only  without 
any  syphilitic  taint,  but  without  any  apparent  constitutional  cachexy. 

"When  the  parents  are  syphilitic,  the  foetus  frequently  fails  to  arrive  at 
matuiity.  This  may  be  due  to  disease  of  the  placenta,  or  of  the  umbilical 
cord,  or  to  the  direct  action  of  the  syphilitic  virus  on  the  foetus  itself.  In 
the  placenta  extravasations  of  blood,  fatty  degeneration,  and  the  formation  of 
caseous,  and  occasionally  of  calcareous  masses,  are  the  most  common  abnormal 
conditions  observed.  In  the  cord  the  vessels  are  occasionally  found  to  have 
undergone  changes  identical  in  character  with  those  already  described  as 
taking  place  in  the  arteries  of  the  adult  (p.  1092).  The  foetus  itself  also 
shows  e^-idence  of  disease  in  the  great  majority  of  cases  in  which  it  perishes 
l)efore  arriving  at  maturity,  or  is  born  dead  at  the  full  time.  Mewis  states  that 
an  examination  of  ninety-two  syphilitic  foetuses  showed  the  spleen  to  be 
diseased  in  seventy-two,  the  bones  in  sixty-four,  the  liver  in  fifty-six,  the 
pancreas  in  fourteen,  the  supra-renal  bodies  in  eleven,  the  lungs  in  three,  and 
the  skin  in  one  only.  In  consequence  of  these  diseases  of  the  placenta  and 
the  foetus,  it  often  happens  that  early  abortion  or  miscarriage  takes  place. 
jManv  consecutive  miscarriages  may  take  place  in  consequence  of  the  parents 
beinu'  affected  with  constitutional  syphilis.  It  is  a  common  history  in  these 
cases  that  the  period  at  which  miscarriage  takes  place  becomes  later  in  each 
succeedim?  pregnancy,  until  at  last,  perhaps  after  a  dead  foetus  has  been 
delivered  at  full  term,  a  living  child  maybe  born  bearing  evidence  of  inherited 
syphilis.  Such  a  history  is  very  characteristic  of  sj'philis,  even  if  the  parents 
have  ceased  to  show  any  visible  signs  of  the  disease.  When  the  parents  are 
known  to  be  syphilitic,  if  they  be  treated  by  a  mercurial  course,  miscan-iage 
can  frequently  be  prevented,  though  the  child  may  show  some  signs  of  the 
disease. 
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The  offspring  of  syphilitic  parents  as  a  rule  develop  symptoms  resembling 
in  most  points  the  acquired  form  of  the  disease.  It  is  not  impossible,  how- 
ever, that  the  taint  may  manifest  itself  by  an  impaired  or  depraved  state  of 
the  constitution,  and  that  syphilis  may  thus  be  a  predisposing  cause  of  scrofula 
or  rickets.  There  is,  however,  no  satisfactory  evidence  that  this  is  the 
case. 

The  Period  at  which  the  Symptoms  manifest  themselves  varies 
gi-eatly.  As  a  rule,  a  syphilitic  child  when  born  alive,  though  often  small, 
badly  developed,  and  cachectic  in  its  appearance,  shows  no  definite  manifesta- 
tions of  the  disease  ;  but  in  the  course  of  a  few  weeks,  usually  fi-om  two  to 
eight,  the  symptoms  declare  themselves.  Diday  and  De  Meric  have  collected 
a  large  number  of  cases,  in  most  of  which  the  signs  of  the  disease  developed  in 
the  fifth  or  sixth  week.  Many  betrayed  their  disorder  in  the  first  month  ; 
and  in  some  few  it  was  delayed  until  the  child  had  attained  the  age  of  three 
months.  The  earlier  the  disease  shows  itself,  the  more  fatal  are  its  effects. 
Children  who  manifest  no  s}Tnptoms  till  they  are  two  or  three  months  old, 
usually  recover  their  health  in  a  short  time. 

The  effects  of  inherited  syphilis  may  also  manifest  themselves,  even  at  the 
adult  age.  Hutchinson  believes  that  this  may  take  place  without  any  signs 
of  syphilis  during  infancy  ;  this  view,  however,  is  not  entertained  by  Berkeley 
Hill,  and  most  other  writers  on  the  disease.  They  assert  that  though  they 
may  have  been  slight,  some  symptoms  have  in  every  case  been  present  during 
the  early  months  of  life.  These  cases  are  rare,  and  the  following  which  fell 
under  my  own  observation  is  a  good  instance.  The  patient  was  a  young 
woman,  aged  seventeen,  who  was  covered  with  marked  syphilitic  psoriasis, 
with  which  she  had  been  affected  for  several  years.  The  mother  told  me  that, 
shortly  after  birth,  evidences  of  infantile  syphilis  had  appeared  ;  that  these 
had  yielded  to  treatment,  but  that,  as  the  period  of  puberty  approached, 
the  psoriasis,  which  was  truly  of  a  syphilitic  nature,  had  shown  itself. 

Symptoms. — The  symptoms  of  inherited  syphilis  are  sufficiently  well 
marked  in  most  cases,  consisting  principally  of  general  constitutional  dis- 
turbance, with  affections  of  the  skin,  mucous  membranes,  bones,  viscera,  and 
eye,  which  more  or  less  closely  resemble  the  manifestations  of  acquired 
syphilis. 

Consiiiuiioml  Symjdoms. — The  first  indication  is  often  the  atrophic  and 
cachectic  appearance  of  the  child  ;  this  not  unfrequently  shows  itself  at  birth, 
without  any  more  definite  signs  of  the  disease.  Such  children  are  often  small, 
shrivelled,  wan  and  wasted  when  born  ;  tlie  face  especially  has  an  aged  look, 
the  features  being  pinched,  the  flesh  soft  and  flabby,  and  the  skin  loose  and 
wrinkled  ;  the  complexion  has  a  yellowish  or  earthy  tinge,  which  has  been  com- 
pared to  that  of  cafe  au  lait.  These  appearances  are,  however,  by  no  means 
always  present.  Many  syphilitic  children  are  born  apparently  healthy  and 
fat ;  but  they  soon  emaciate,  when  the  cutaneous  and  other  manifestations 
of  the  disease  make  their  appearance  a  few  weeks  after  birth.  In  slight  cases 
however,  the  child  may  remain  fat  and  well-nourished,  though  anemic,  throuo-h- 
out  the  whole  course  of  the  symptoms. 

Local  Symptoms.— In  the  great  majority  of  cases  the  most  marked  symptoms 
are  due  to  the  affections  of  the  skin  and  mucous  membranes.  As  in  acquired 
syphihs  the  first  appearance  may  be  a  roseolous  eruption  on  the  skin,  but  this 
is  of  short  duration,  and  seldom  clearly  marked.    The  earliest  marked  featm-c 
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IS  usually  the  appearance  of  mucous  tuhercles.  These  form  at  the  aiio-les  of  the 
lips,  in  the  cavity  of  the  mouth,  in  the  pharynx,  in  the  nose,  at  the  anus,  in 
wherever  the  skin  is  moist,  as  in  the  folds  of  the  groin,  and  between  the 
scrotum  and  thigh.  They  are  of  the  same  nature  and  appearance  as  those  met 
with  in  acquired  syphilis. 

The  affection  of  the  nose  is  amongst  the  most  constant  and  characteristic 
features  of  the  disease,  and  is  usually  the  earliest  local  sign  that  declares  itself. 
There  is  much  congestive  swelling  of  the  mucous  membrane,  with  a  secretion 
of  thick  yellow  oflFeusive  mucus,  causing  the  child  to  make  a  peculiar  snuffling 
noise  in  breathing,  as  if  it  had  a  chronic  catarrh.  This  symptom  is  so  constant 
that  it  has  given  rise  to  the  popular  name  of  "  the  snuffles  "  which  is  applied 
to  congenital  syphilis.  The  degTee  to  which  the  nose  is  affected  varies  con- 
siderably. In  the  mildest  cases  the  symptoms  merely  resemble  those  of  a  slight 
cold  ;  in  the  most  extreme  forms  the  discharge  dries  into  scabs  at  the  nostrils, 
beneath  which  ulcers  may  form  ;  mucous  tubercles  develop  on  the  membrane, 
and  ulceration  may  follow,  leading  to  disease  of  the  bones,  with  flattening  of  the 
bridge  of  the  nose.  In  all  cases  free  breathing  through  the  nose  is  interfered 
with,  sucking  consequently  becomes  difficult,  and  the  trouble  in  feeding  the 
child  is  correspondingly  increased. 

The  mouth  is  similarly  affected,  but  usually  in  a  less  degree.  Eadiating 
fissures,  sometimes  extending  somewhat  deeply,  are  common  on  the  lips,  espe- 
cially at  the  angles  of  the  mouth.  The  mucous  membrane  of  the  cheeks 
and  tongue  is  covered  with  mucous  patches,  and  sometimes  vnth.  superficial 
ulcers. 

The  mucous  membrane  of  the  larynx  is  congested  and  swollen  in  most  cases, 
and  sometimes  actual  mucous  tubercles  maybe  formed  at  the  opening  of  the 
glottis.  The  laryngeal  affection  is  the  cause  of  the  hoarse  cry  which  usuaUy 
forms  a  marked  feature  in  the  disease. 

The  Eruptions  on  the  Skin  are  usually  most  abundant  on  the  nates, 
scrotum,  and  the  soles  of  the  feet ;  heuce,  in  examininglTcIiiTcn'feilppoBL'd  to  be 
syphilitic,  these  parts  should  always  be  looked  at  first.  In  moist  situations  the 
eruptions  most  frequently  assume  the  form  of  smooth,  flat  mucous  tubercles, 
varjdng  in  size  from  a  pea  to  a  threepenny-piece  ;  they  are  slightly  elevated, 
and  covered  with  a  slimy  whitish  secretion.  Cracks  or  fissures  are  common  at 
the  anus  as  well  as  at  the  mouth.  In  the  drier  parts  the  eruption  is  often 
desci-ibed  as  squamous,  though  it  is  not  really  scaly,  but  composed  of  smooth  flat 
patches  of  a  coppery  red  colour.  These  patches  are  often  well-marked  on  the 
soles  of  the  feet,  and  are  followed  by  peeling  of  the  cuticle. 

Papular  eruptions  are  not  common.  The  vesicular,  or  bullous  eruption,  or 
2)emphigus,  is  less  common  than  those  first  mentioned,  yet  I  have  frequently 
seen  it  in  syphilitic  children.  It  appears  in  the  form  of  vesicles  which  enlarge 
into  bulla  about  the  size  of  a  split  pea,  with  a  dusky  coppery  areola  ;  they  diy 
into  brown  scales  or  scabs,  and  commonly  occur  simultaneously  with  mucous 
tubercles  in  other  parts  of  the  body.  It  is  most  frequently  seen  on  the  soles 
of  the  feet,  and  is  not  met  with  in  children  except  in  syphilis. 

A  pustular  eruption  or  Edliijma  is  also  occasionally  met  with.  The  pustules 
drv  early,  leaving  a  black  scab,  beneath  which  ulceration  may  take  place. 
It"is  met  with  only  in  very  feeble  children. 

Subcutaneous  gummata  are  met  with  occasionally  in  inherited  syphilis,  but 
seldom  before  the  second  year. 
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The  Hair  very  commonly  is  thin,  and  is  often  lost  from  the  posterior  and 
lateral  aspects  of  the  head.  The  Nails  are  seldom  affected,  but  may  be  brittle 
and  grow  irregularly. 

When  we  consider  the  influence  exercised  by  the  syphilitic  poison  upon  the 
skin  and  its  it])pendages,  the  hair  and  nails,  we  should  a  jn-iori  have  expected 
that  the  teeth,  being  developed  from  the  same  embryonic  layer,  would  par- 
ticipate in  the  morbid  processes  induced  by  it  in  the  allied  structures.  The 
fact  of  their  doing  so  does  not,  however,  appear  to  have  attracted  the  notice 
of  any  observer,  until  J.  Hutchinson  directed  the  attention  of  the  profession 
to  this  veiy  interesting  subject,  and  pointed  out  the  destructive  and  special 
influence  exercised  upon  the  teeth  by  inherited  syphilis.  This  injurious 
influence  manifests  itself  both  in  the  temporary  and  in  the  permanent 
teeth  ;  but  with  its  specific  and  peculiar  characteristics  only  in  the 
permanent  set.  It  must  not,  however,  be  supposed  that  in  all  cases  of 
infantile  syphilis  the  teeth  are  affected  ;  indeed,  in  many  instances  they 
are  not,  and  it  has  been  particularly  pointed  out  by  J.  Hutchinson  that 
it  is  only  when  there  have  been  attacks  of  syphilitic  stomatitis,  that  we  are  to 
expect  to  meet  with  these  changes  from  their  normal  types  in  the  teeth. 

The  iemporarij  teeth  of  syphilitic  infants  are  cut  early,  are  of  bad  colour, 
and  liable  to  a  crumbling  decay.      The   upjDcr  central   incisr)rs  usually 


suffer  early,  and  always  first ;  then  the  laterals  become  carious  and  drop 
out ;  and  lastly,  in  some  cases,  though  rarely,  the  canines  wear  away  so 
as  to  present  a  tusk-like  appearance.  In  consequence  of  the  early  decav  of 
the  incisors,  children  are  often  edentulous,  so  far  as  these  teeth  are  concerned, 
from  an  early  age,  until  the  peimanent  ones  are  cut. 

permanent  teeth  present  the  more  marked  characteristics  of  an  inherited 
syphilitic  taint ;  and  in  these,  as  in  the  temporary,  the  disease  declares  itself 
chiefly  in  the  incisors  of  the  upper  jaw,  and  first  in  the  central  ones.  These 
will  be  observed  to  be  usually  of  a  bad  colour,  short,  peggy,  rounded  at  the 
angles,  standing  apart  with  interspaces  or  converging,  and  marked  by  a  deep 
broad  notch.  They  are  soft  and  crumbling,  are  slender,  and  readily  wear  down 
(Figs.  412—414). 
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Besides  the  notching,  the  sides  of  the  teeth  are  curved  inwards  towards  one 
another,  and  thus  the  cutting  edge  becomes  narrower  than  the  crown.  The 
teeth  are  also  shorter  than  the  others.  The  convergence  of  the  sides  causes  the 
teeth  to  be  somewhat  separated,  and  to  stand  apart. 

The  Bones  are  very  frequently  affected  in  congenital  syphilis,  though  until 
recently  the  changes  that  take  place  had  been  partly  overlooked  and  partly 
confounded  with  rickets.  The  observations  of  Wegner,  Parrot,  Barlow,  and 
others,  have,  however,  clearly  estabhshed  the  fact  that  the  implication  of  the 
bones  is  second  in  frequency  only  to  that  of  the  skin. 

Parrot  states  that  the  affections  of  the  bones  in  hereditary  syphilis  assume 
two  principal  forms,  one  consisting  in  atrophy  of  the  pre-existing  structures, 
and  the  other  in  the  development  of  new  tissue.  The  Atrophic  form  he 
divides  into  two  varieties.  The  first,  to  which  he  applies  the  tei-m  Gelaliniform, 
affects  equally  the  cranium  and  the  bones  of  the  extremities.  The  bone  is 
altered  in  colour,  varying  from  a  pale  red  or  rose  tint  to  different  shades  of 
yellow.  The  medulla  becomes  transparent,  and  is  at  last  reduced  to  a  network 
composed  of  vessels  and  delicate  fibrillEe,  the  meshes  of  which  are  filled  with  a 
watery  fluid.  When  the  compact  tissue  is  invaded  it  becomes  rapidly 
decalcified  ;  the  lamella)  seem  to  melt  away,  and  large  spaces  appear  between 
them,  filled  with  a  gelatinous  substance  hke  the  altered  medullary  tissue. 
The  second  variety  he  terms  chondro-calcareous  atrophy.  The  most  marked 
feature  of  this  form  is  that  the  layer  of  calcified  cartilage  which  naturally 
exists  in  the  growing  line  between  the  shaft  and  the  epiphysis  assumes  an 
abnormal  thickness  and  loses  all  regularity  in  its  outline.  The  calcified 
cartilage  can  be  recognized  by  its  density,  brittleness,  and  chalky  appearance. 
The  formation  of  this  brittle  tissue  renders  the  bone  liable  to  fracture,  and 
when  the  two  forms  of  atrophy  occur  simultaneously  this  result  is  almost 
certain  to  take  place.  The  fracture  occurs  always  in  close  proximity  to  the 
epiphysis,  and  the  accident  is  not  unfrequently  followed  l)y  suppuration,  and 
from  the  close  proximity  to  the  joint  suppurative  arthritis  may  be  set  up. 
These  fractures  give  rise  to  symptoms  closely  resembling  paralysis  of  the 
affected  limb,  and  Parrot  has  applied  to  the  condition  the  name  of  sf/philific 
pseudo-paralysis.  The  limb  hangs  powerless,  and,  as  a  rule,  there  is  singularly 
little  pain,  but  the  muscles  respond  readily  to  the  Fai-adic  current.  The 
looseness  of  the  epiphysis  can  sometimes  be  easily  recognized,  and  some  fine 
grating  crepitus  may  be  present. 

The  second  form  of  disease  of  the  bones  in  hereditary  syphilis,  to  which 
Parrot  applies  the  term  osteophytic,  is  much  more  common.  This  also  he 
divides  into  two  varieties,  according  to  the  density  of  the  new  tissue.  When 
this  is  hard  and  bony  he  terms  it  osfeoid ;  when  soft,  fihro-spongioid  or  racliUk. 
The  osteoid  form  of  growth  may  be  met  with  at  any  period  of  childhood,  and 
possibly  may  commence  before  birth  ;  the  rachitic  is  never  met  AMth  beibre 
the  fifth  or  sixth  month.  The  osteoid  growth  is  composed  of  trabeculaj, 
arranged  more  or  less  perpendicularly  to  the  surface  of  the  bone,  separated 
from  each  other  by  medullary  tissue  ;  the  new  tissue  contains  large  quantities 
of  lime  salts.  It  differs  from  normal  bone  in  its  brittleness  and  in  its  yellow 
or  pink  colour.  In  the  rachitic  form  the  new  tissue  is  almost  white,  pearly,  or 
yellowish  in  colour.  It  is  fil)roid  in  structure  and  very  vascular.  Various 
modifications  between  these  two  forms  of  tissue  may  be  met  with.  Thus  the 
osteoid  tissue  may  be  airanged  in  several  layers,  or  spongy  tissue  may  be  found 
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coveriug  tlie  harder  tissue.  The  periosteum  covering  the  new  growths  is 
always  distinctly  thickened,  and  adheres  firmly  to  it.  There  is  almost  always 
a  distinct  line  of  demarcation  between  the  new  tissue  and  the  healthy  bone 
l)eneath.  The  thickness  of  the  growth  varies  from  one-tenth  to  three-eighths 
of  an  inch  on  the  long  bones,  but  it  may  exceed  this  on  those  of  the  skull.  In 
extreme  cases  almost  the  whole  skeleton  may  be  affected,  but  more  commonly 
the  diseased  condition  is  met  with  in  certain  parts  only.  The  most  common 
situations  are  the  lower  end  of  the  humerus,  the  tibia,  the  femur,  and  the 
ulna,  Avhere,  unless  the  child  be  very  fat,  they  can  often  be  recognized  during 
life.  In  the  rachitic  form  the  long  bones  may  undergo  modifications  in  form 
from  bending  or  fracture,  as  in  rickets. 

The  bones  of  the  skull  present  changes  of  a  veiy  marked  character.  These 
most  commonly  consist  of  the  formation  of  "  ))osses  "  of  new  bone,  from  the 
outer  table  only,  around  the  anterior  fontanelle  and  along  the  line  of  the 
sagittal  and  intcrfrontal  sutures.  Between  these  bosses  the  sutures  may  at 
first  form  distinct  sulci,  but  later  on  they  are  often  bridged  over,  and  premature 
union  may  take  place.  If  the  child  dies  the  bosses  will  be  found  to  be  com- 
posed of  soft  bone,  very  red  in  tint,  sometimes  even  of  a  dark  maroon  colour. 
If  macerated  the  new  bone  is  porous  and  granular  in  structure,  and  is  often 
deeply  grooved  by  vascular  channels.  There  is  little  if  any  thickening  of  the 
periosteum.  The  anterior  part  of  the  skull  may  reach  a  third  of  an  inch  or 
more  in  thickness.  The  effect  of  these  growths  is  to  give  the  forehead  the 
rounded  prominent  form  which  was  pointed  out  by  Hutchinson  many  years 
ago  as  being  often  associated  with  other  signs  of  congenital  syphilis  in  later 
life.  Barlow  and  Lees  have  pointed  out  that  the  condition  known  as  cranio- 
tahes  is  also  met  with  in  syphilitic  infants.  In  this  the  bones  of  the  vault  of 
the  skull  become  extremely  thin  in  circumscribed  patches,  so  as  to  yield  to 
gentle  firm  pressure,  feeling  like  parchment  beneath  the  finger.  In  some  spots 
the  bony  material  may  entirely  disappear,  leaving  only  a  thin  membrane. 
These  spots  are  most  common  in  the  occipital  region,  where  the  bone  is  ex- 
posed to  direct  pressure  while  the  child  is  lying  on  its  back,  but  they  are  also 
met  with  in  the  parietal  bones.  The  bony  growths  are  met  with  at  any  time 
during  the  first  two  years,  but  the  irregularity  they  give  rise  to  may  be  re- 
cognized at  any  age.  Craniotabes  occurs  at  an  early  period  during  the  first 
year  of  life.  Both  conditions  may  occur  in  the  same  skull.  In  addition  to 
the  above  diseases  of  the  bones  gummata  are  occasionally  met  with  in  the 
skull,  and  dactylitis,  similar  to  that  described  as  occurring  in  acquired  syphilis, 
is  not  uncommon.  Up  to  puberty  chronic  inflammation  of  various  long  bones, 
especially  of  the  tibia,  is  occasionally  met  with  in  syphilitic  subjects. 

Under  the  name  of  Chronic  Interstitial  Keratitis,  J.  Hutchinson  has 
des(;ribed  a  disease  which  he  believes  to  be  uniformly  due  to  hereditary  syphilis. 
It  occurs  betAveen  the  ages  of  5  and  18,  but  may  occur  much  earher,  even 
during  the  first  year.  It  consists  at  first  of  a  hazy  condition  of  the  cornea, 
giving  it  the  appearance  of  gi-ound  glass,  followed  by  vascularization,  without 
any  tendency  to  ulceration.  The  opacity  commences  in  the  centre,  and  both 
eyes  are  usually  affected.  The  vascularity  is  not  confined  to  the  surface,  but 
seems  to  pervade  the  whole  thickness  of  the  cornea.  One  eye  is  usually 
affected  before  the  other.  Under  a  carefully  conducted  course  of  mercurials 
and  iodides,  accompanied  by  tonics  and  good  diet,  the  transparency  of  the 
cornea  can  usually  be  restored. 
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Chronic  affections  of  the  Ear,  leading  to  deafness,  are  not  uncommon  in  in- 
herited syphiHs.  They  occur  sometimes  in  conjunction  with  interstitial 
keratitis  in  the  eye.   Their  pathology  is  not  yet  certainly  known. 

The  lymphatic  glands  show  no  special  morbid  conditions  resulting  from 
inherited  syphilis. 

Affections  of  the  Viscera  in  congenital  syphilis  are  by  no  means  un- 
common. They  assume  the  same  forms  as  in  the  adult,  namely,  general 
fibroid  induration  of  the  affected  organ  and  the  formation  of  gummata, 
the  former  condition  being  the  more  common.  The  spleen  of  syphilitic 
children  is  in  most  cases  somewhat  enlarged  and  hard.  The  liver  is  aflfected 
next  in  order  of  frequency.  Syphilitic  disease  of  the  lung  is  met  with  only 
in  children  born  dead,  or  dying  soon  after  birth. 

The  testicles  occasionally  present  a  uniform,  smooth,  hard,  painless  enlarge- 
ment, affecting  the  body  of  the  gland,  and  corresponding  in  every  respect  to 
the  same  disease  in  the  adult. 

The  nervous  system  is  less  commonly  affected,  but  gummata  are  occasionally 
met  with  in  the  brain. 

Evidence  of  Congenital  Syphilis  in  later  childhood  or  adult  life. — 
The  taint  of  congenital  syphilis  may  manifest  itself  after  the  period  of  infancy 
by  various  chronic  inflammations  of  bone,  by  diseases  of  the  eye,  and  occasion- 
ally of  the  viscera  ;  and  as  these  present,  as  a  rule,  no  very  definite  signs  of 
their  origin,  it  is  important  to  remember  the  points  by  which  the  nature  of 
the  case  may  be  established.  In  the  history  we  must  inquire  for  miscarriages 
before  the  birth  of  the  patient,  for  signs  of  syphilis  in  previous  childi-en  born 
alive,  and  for  symptoms  of  the  disease  in  the  parents,  such  as  prolonged  sore 
throat,  eruptions  on  the  skin,  loss  of  hair,  and  pains  in  the  bones.  With 
regard  to  the  patient,  we  must  ask  the  period  at  which  birth  took  place  ; 
the  appearance  at  birth,  whether  fat  or  thin  ;  the  occurrence  of  snuffles  and 
sores  on  the  bottom.  In  examining  the  patient,  we  must  look  for  stunted 
growth  ;  a  flat  or  ill-developed  bridge  to  the  nose  ;  radiating  scars  at  the  angles 
of  the  mouth.  The  forehead  must  be  examined  for  bosses  in  the  region  of 
the  anterior  fontanelle,  and  the  humerus,  femur,  and  tibia  should  be  searched 
for  thickenings  or  want  of  symmetry  in  the  two  sides.  The  eye  also  should 
be  examined  for  interstitial  keratitis,  and  the  teeth  for  the  signs  already 
described.  All  these  signs  are  seldom  present  together,  but  enough  to  enable 
the  Surgeon  to  come  to  a  correct  conclusion  will  always  be  found  in  any  case 
in  which  the  disease  has  been  sufficiently  severe  to  affect  the  patient  after 
early  childhood. 

Prognosis. — If  the  child  is  born  with  signs  of  sjqihilis,  it  usually  dies. 
Emaciation  increases,  and  death  takes  place  either  directly  from  the  disease  or 
in  consequence  of  some  complication,  as  diarrhani,  bronchitis,  or  pneumonia. 
If  the  child  is  born  apparently  fat  and  well,  the  prognosis  depends  much  on 
the  period  at  which  the  symptoms  appear  ;  the  later  the  appearance,  the  better 
the  prognosis.  Most  cases  recover  in  which  the  symptoms  do  not  manifest 
themselves  till  after  the  end  of  the  first  month. 

Treatment. — The  occun-ence  of  syphilis  in  the  infant  may  be  prevented  by 
putting  the  infected  mother  on  a  mercurial  course  so  soon  as  her  pregnancy  is 
ascertained ;  this  indeed  may  be  necessary  in  order  to  prevent  miscarriage, 
but  should  be  done  cautiously,  and  by  inunction  rather  than  by  mercury 
administered  by  the  mouth.    Should  repeated  miscarriages  have  occurred,  as 
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the  consequence  of  constitutional  sj'philis,  one  or  other,  or  both  of  the  parents, 
if  both  are  at  fault,  should  be  put  upon  a  mercurial  course  ;  and  thus  the 
recurrence  of  this  accident  may  be  prevented. 

The  Curative  Treatment  as  regards  the  child  is  extremely  simple.  It 
should  be  nursed  by  its  mother,  if  she  have  sufficient  milk  and  is  in  good 
health.  If  this  is  impossible,  it  should  be  brought  up  by  hand,  and  must  not 
be  given  to  a  wet-nurse,  lest  it  infect  her.  (i^ee  p.  1082.)  The  child  must 
tlien  be  put  under  the  influence  of  mercury,  which  in  these  cases  produces  the 
most  unmistakeable  effects  ;  indeed,  the  ready  manner  in  which  all  disease 
may  be  eradicated  from  the  system  of  a  syphilitic  child  by  this  mineral,  is 
perhaps  one  of  the  strongest  proofs  .that  can  be  adduced  of  the  specific 
character  of  its  action  on  the  venereal  poison.  The  mercury  may  be  given  by 
the  mouth  in  the  form  of  small  doses  of  grey  powder  ;  but,  as  it  often  purges 
the  child  when  administered  in  this  way.  Sir  Benjamin  Brodie  has  recom- 
mended its  introduction  into  the  system  by  inunction,  which  process  I  invari- 
ably employ,  and  have  found  it  a  most  successful  mode  of  treating  the  disease. 
The  most  convenient  plan  is,  as  recommended  by  Brodie,  to  spread  a  di*achm 
of  mercurial  ointment  on  the  mider  part  of  a  flannel  roller  stitched  round 
the  thigh  just  above  the  knee,  and  to  renew  this  every  day.  The  treatment 
should  be  continued  until  all  rash  and  snuffling  have  disappeared,  when, 
the  mercury  having  been  discontinued,  the  cm'e  may  be  perfected  by  the 
administration  of  small  doses  of  iodide  of  potassium  in  milk  or  cod-liver  oil. 
The  skin  must  be  kept  in  a  healthy  state  by  a  hot-bath  every  day.  Occasion- 
ally the  cutaneous  manifestations  of  infantile  syphilis  are  complicated  with, 
and  obscured  by,  some  of  the  common  diseases  of  the  skin  incident  to  early 
childhood  ;  more  particularly  with  eczema  impetiginodes  of  the  head,  face,  and 
body.  In  these  circumstances,  the  diagnosis  may  not  be  easy,  though  the 
history  of  the  case,  the  concomitant  appearance  of  two  forms  of  the  disease, 
and  the  existence  of  snuffling  and  cachexy,  tend  to  establish  it.  The  eczema 
also,  in  these  circumstances,  is  browner  and  more  squamous  than  usual.  In 
cases  such  as  these,  the  best  plan  is  to  treat  the  syphihtic  affection  first  with 
the  mercurial  inunction,  and  then  to  put  the  child  under  a  mild  course  of 
the  liquor  hydrargyri  et  arsenici  iodidi,  one  to  two  minims  for  a  dose, 
keeping  it  at  the  same  time  on  a  good  nourishing  diet. 
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ABDO>tEX,  contusions  of,  847 
injuries  of,  847 

treatment  of,  851 
wounds  of,  852 
prognosis,  857 
treatment  of,  857 
Abercrombie,  injuries  of  the  spine,  769 
Abernetliy,  treatment  of  depressed  fracture, 
736 

valvular  opening  of  abscesses,  241 
Abiogenesis,  165 

Abscess  {absccdo,  I  go  away),  232 
acute,  232 

treatment  of,  239 
antiseptic  treatment  of,  245 
aspirator  used  in,  238 
blood-vessels  affected  by,  235 
caustics  in,  243 
chronic,  209,  233 

treatment  of,  240,  241,  243 
cold,  209,  233 

treatment  of,  241 
congestive,  235 
counter-opening  in,  241 
diagnosis  of,  236 

from  encysted  sebaceous  tumours, 
969 

from  tumours,  237 
diffuse,  233 
drainage  of,  243 
effects  of,  235 
emphysematous,  235 
formation  of,  232 
lia-morrhagc  into,  251 
Hilton's  method  of  ojiening,  241 
incision  into,  240 
injection  of,  243 
lymphatic,  235 
metastatic,  233,  947 
jnultilocular,  235 
plegmonous,  232 
"  pointing  "  of,  232 
potassa  fusa  in,  243 
pressure-effects  of,  235 
prognosis  of,  238 
puerperal,  233 
pyiBuiic,  233,  947 
scrofulous,  1064 
secondary,  947 
seton  in,  243 

subcutaneous  strumous,  1054 
situation  and  size  of,  235 
structure  of,  232 
subpectoral,  829 
tapping  of,  242 


Abscess — coniin  ucd. 
treatment  of,  239 

constitutional,  250  - 
tympanitic,  235 
varieties  of,  232 
Accidents  after  arterial  occlusion,  434 

in  reductions  of  old  dislocations, 
634,  656 

Accoucheurs,  syphilitic  infection  of,  1088 
Acetabulum,  fracture  of,  586 
Acids,  concentrated,  application  of,  in  cancer, 
1038 

Acinous  adenomata,  995 

Aconite  in  inflammation,  200 

Acromion,  dislocation  of,  from  clavicle,  644 

fracture  of,  566 
Active  or  acute  infiamuiation,  147 
Acui'KEssuiiE,  {acus,  a  needle  ;  prcmo,  I 
press),  425 

compared  with  ligature,  427 

condition  of  artery  after,  427 
Acute  abscess,  232 

treatment  of,  239 

cancer,  1006 

inflammation.    See  Inflammation 
Adams,  W.,  mode  of  union  of  fractured 
patella,  609 
ununited  fracture,  545 
Addison,  W. ,  migration  of  white  blood  cor- 
puscles, 153 
Adenoid   {6.^r)v,  a  gland ;     «l5oy,  shape), 
cancer,  1009,  1033 
tissue  of  His,  990 
Adenoma  {&5r]v,  a  gland),  994 
Adeno-sarconiata,  1006 
Adhesions  in  joints  after  dislocation,  633 
Adhesion,  ])rimary,  269 
secondary,  277 
of  wounded  arteries,  397 
Adhesive  inflammation,  171 

union  by,  269 
Adipose  tumours,  977 
Aerial  fistula,  813 
Age,  influence  in  amputation,  74 
cancer,  1012,  1013 
dislocation,  626 
fractiu-e,  496 

of  neck  of  femur,  extracap- 
sular, 593 

intracapsular,  588 
inflammation,  160 
laceration  of  the  brain,  747,  748 
syphilis,  1095 

union  of  fractured  bone,  545 
Ague,  diagnosis  from  pyjemia,  956 
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Air.    See  Atmospliere 
Aui  IN  Vkixs,  465 

cause  of,  467  {see  1046) 

effects  of,  466 

experiments  on  animals  regarding,  465 
siiontaneous  entry  of,  466 
treatment  of,  curative,  468 
I)reventive,  469 
Alu-TUBi:,  foreign  bodies  in,  813 
statistics  of,  816 
prognosis  of,  816 
treatment  of,  817 
wounds  of,  810 
eff"ects  of,  811 
Alanson,  amputation  by  triple  incision,  54, 
55. 

surgical  hygiene,  14 
Albuminoid  degeneration,  231 
Albuminous  eifusions,  154 

sarcoma,  looi 
Alcohol  as  an  antiseptic,  196 

in  excess  a  predisposing  cause  of  inflam- 
mation, 160 
Alkalies,  caustic,  use  of  in  cancer,  1038 
.  AUbutt  on  disturbance  of  vision  after  spinal 

injury,  778,  779 
Alopecia  {a.\w-rtn^,  a  fox),  syphilitic,  1108 
in  infants,  11 26 
stimulating  lotion  for,  1109 
Alveolar  cancer,  1027 

sarcoma,  1003 
Amblj'^opia,  777 

Ammonia,  injection  of,  in  snake-bite,  352 
Amojboid  movements  of  blood-corpuscles, 
152 

of  pus-corpuscles,  225 
Amputation  {amputo,  I  lop  off)  in  general, 

by  circular  method,  54 
closure  of  the  wound,  67 
conditions  affecting  result  of,  74 
for  disease  and  injury  compared,  82 
secondary  in ff animations  in  internal 

organs  after,  83 
dressing  after,  68 
by  flaps,  55 

double,  57 

long,  62 

rectangular,  63 
hsemorrhage  during,  how  prevented,  53, 
66 

secondary  after,  73,  307 
instruments  for,  69 
ligatures  in,  66 
Listoii's  operation,  62 
methods  of  performing,  52 
mortality  after,  73,  75,  78 — 87 
performance  of,  52 

primary  and  secondary  compared,  83, 
84 

Xninciples  of,  58,  59 
retractors  in,  65 
sawing  bone  in,  65 
secondary,  83,  84,  540 

statistics  of,  349 
septic  disease,  influence  of,  73,  75,  77, 

87 

shock,  influence  of,  73 — 77 
simultaneous  or  rapidly  consecutive,  69 


Amputation — continued. 
Spence's  operation,  64 
statistics  of,  78 — 84 
stumps  after,  68.    See  Stumps 
sutures  in,  67 

Teale's  operation,  62,  63,  96,  123 
for  burns,  383 

for  contused  and  lacerated  wounds,  320 
for  fracture,  complicated  with  ruptured 

artery,  527 
for  compound  fracture,  conditions  re- 
quiring, 532 

simple  fracture,  529 
for  frost-bite,  384 
for  gangrene,  385,  444,  463?  887 
from  fracture,  525 
after  ligature,  442 
for  gun-shot  wounds,  not  required,  335 
when  required,  341 
time  of  perform- 
ance, 348 

for  whitlow,  930 
Amputations,  special,  68 
of  arm,  99 
ankle,  114 
fingers,  88 
foot,  106 

Chopart's,  in,  112 
Hey's,  III 
Pirogoff's,  114,  117 
stump  after,  1 19 
results,  120 
sub-astragaloid,  1 20 
Syme's,  114,  117 
forearm,  98 

results  of.  82,  105 
hand,  88 
at  hip-joint,  134 

results  of,  140 
at  knee-joint,  by  anterior  and  posterior 
flaps,  126 

by  lateral  flaps,  128 
results  of,  130 
through  condyles,  128 
of  leg,  121 

circular,  125 
by  flaps,  121 
results  of,  125 
by  Teale's  method,  123 
of  lower  limb,  106 

metacarpal  bones,  95 
at  metacarpo-phalangeal  joints,  91 
of  metatarsal  bones  of  great  toe,  108 
of  metatarsal  bones,  no 
at  metatarso-plialangeal  joints,  106 
at  shoulder-joint,  100 

by  Spence's  method,  104 
by  transfixion,  loi 
results  of,  105 
through  tarsus,  1 1 2 
of  thigh,  130 

by  antero-posterior  flaps,  134 
for  compound  fracture,  605 
for  fracture  with  rupture  of  artery, 
605 

results  of,  133 
through  trochanters,  1 33 
Vermale's,  131 
of  thumb,  93 
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Amputations,  i^vvxixi.— continued. 
of  toes,  io6 
of  upper  lirali,  104 

results  of,  82,  105 
at  wrist,  96 
Amussat,  torsion  of  cut  arteries,  406,  407 

treatment  of  air  in  veins,  469 
Anajmia  (o,  negative  ;  of/uo,  blood),  local, 
142 

from  lia^morrluige,  389 
Aaaesthesia  (a,  negative  ;  alaOivonai,  I  per- 
ceive) by  bichloride  of  methylene,  34 

chloroform  21.    Sec  Chloroform 

ether,  29.    See  Ether 

local,  35 

nitrous  oxide,  32 
Anaesthetics,  employment  of,  3,  19,  20,  31 
influence  on  amputations,  20 
treatment  of,  ett'ect  of  overdose  of,  35 
in  reduction  of  old  dislocations,  634 
Anastomosing  vessels,  enlargement  of,  after 

ligature,  429 
Anderson,    reduction   of   dislocations  by 

manijHilation,  671 
ANEurasM  (Afct,  through  ;  evpvvu,  I  widen), 
of  stumps,  72 
traumatic,  445 

circumscribed,  447 
ditfused,  445 

complicating  fracture,  527 
in  reduction   of  old  disloca- 
tions, 634,  657 
.  varicose,  450,  463 
symptoms,  451 
treatment,  452 
Aneukism    of  axillarj'  artery,  traumatic, 
456 

circumscribed,  464 
of  axillary  arteiy,  diffuse,  456 

complicating  dislocation,  655 

from  attempts  to  reduce  old  dis- 
locations, 657 
brachial  artery,  traumatic,  459 

varicose,  459 
carotid  arterj%  traumatic,  453 

varicose,  454 
femoral  artery,  traumatic,  462 

varicose,  463 
gluteal  artery,  traumatic,  462 
2)alniar  arteries,  traumatic,  462 
plantar  arteries,  traumatic,  464 
radial  artery,  traumatic,  460 
temporal  artery,  traumatic,  454 
tibial  artery,  traumatic,  464 
ulnar  artery,  traumatic,  460 
Aneurismal  varix,   449,   454,   455.  See 
Yarix 

Angioma  {ayy€7oy,  a  vessel),  989 

cavernous,  989 
Animal  matter,  dead  or  putrescent, 

wounds  inoculated  with,  367 
Animal  substances,  ligatures  made  of,  420 
Ankle,  aminrtation  at,  114 

dislocation  of,  691 
compound,  692 

fractures  near  and  through,  618 
compound,  into,  622 

gun-shot  wounds  of,  346 

wounds  of,  494 


Ankylosis  {ajKvKos,  crooked),  complicating 

fracture,  529 
Anthrac»mra,  362 
Antiphlogistic  treatment,  198,  239 

remarks  on,  205 
Antiseptic  {avrl,  against  ;  o-rjiroi,  I  putrefy) 
treatment  of  abscess,  245 

of  wounds,  3,   191  — 196, 
308,  311,  319,  338,  538, 
of  wounded  joints,  492 
Anus,  chancres  on  margin  of,  1087 

epithelioma  of,  103 1,  1032 
AuuTA,  abdominal,  comiiression  of,  inamim- 
tation  at  hip-joint,  47 
thoracic,  wounds  of,  846 
Apertures  in  gun-shot  wounds,  329 
Aphasia,  744 

Apntea  (o,  not ;  ttWoi,  I  breath),  820.  See  As- 
phyxia 

Apoplexy,  diagnosis  from  compression  by 
extravasation,  756 

Arachnitis  {aradmoid  membrane  ;  itis,  de- 
noting inflammation) 
traumatic,  704 

Areolar  tissue,  difluse  inflammation  of,  17, 
924 
tumours,  979 

Arloing  and  Tripier,  effects  of  division  of 
nerve,  473 

AuM,  amputations  of,  991 
arteries  of  wounded,  455 
avulsion  of,  635,  658 
fractures  of.    See  Fracture 
rupture  of  muscles  or  tendons  of,  483 

Aniott,  Dr.  J.,  compression  in  cancer,  1040 
ice  in  cancer,  1036 
local  ana'sthesia  by  cold,  36 
mortality  from  use  of  cliloroform,  20 

Arnott,  H.,  secondary  growths  in  epithe- 
lioma, 1019,  1030 

Arrow-heads  in  bladder,  866 

Arrow-wounds,  325 

Arsenic  in  cancer,  1039 
in  snake-bite,  353 

AiiTEHiEs,  acupressure  applied  to,  425 
adhesive  process  in,  397 
aneurism  of.    See  Aneurism 
cauterization  in  wounds  of,  402 
changes  in  after  operation,  429 
coagulum  in,  formation  of,   395,  396, 

415 

cold,  use  of,  in  haimorrhagc,  401 
compression  of,  45 
contraction  of,  395,  396 
contusion  of,  387 
effects  of  ligature  on,  415 
enlargement  of,  in  inflammation,  143, 
149 

forcible  flexion  in  wounds  of,  404 
gangrene  from  changes  in  coats  of,  876 

from  obstruction  of,  442,  874,  875 
htemorrhage  from,  251,  905.  See  Hicmor- 

rhage 
injuries  of,  387 

in  contused  and  lacerated  wounds, 

.  318,  387 

in  comiiound  fracture,  533 

in  simple  fracture,  526 

in  gun-shot  woimds,  332,  335 
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laceration  of,  3S7 

ligature  of,  408.    Sre  Ligature. 

in  inHaniniutioii,  203 

in  stumps,  66 
occlusion  of,  accidents  after,  434 

by  natural  processes,  395 

by  operation,  400 
permanent  closure  of  wounded,  397  (see 
268) 

pressure  on,  in  inflammation,  203 
pressure  in  wounds  of,  403 
punctured  wounds  of,  399 
I'etraction  of,  395 
rupture  of,  387 

complicating  fracture,  526 
styptics  in  wounds  of,  402 
syphilitic  disease  of,  1092 
torsion  of,  405 

ulceration  of,  in  abscess,  251 
wounds  of,  388,  431 

complicating  fracture,  526,  533 

in  compound  fracture,  533 

gangrene  from,  876 

treatment  of,  399,  431 
Arteriks  or  Artery,  axillary,  ligature  of, 

455.  457,  458 
rupture  ot  complicating  dislo- 
cation, 657 
traumatic  aneurism  of,  456 
circumscribed,  458 
diffused,  457,  657 
wounds  of,  455 
brachial,  aneurism  of,  traumatic,  459 
varicose  aneurism  of,  459 
conrpression  of,  47,  459 
ligature  of,  425,  458,  459 
wounds  of,  458 
carotid,   common,   ligature    of,  436, 

453 

for  gunshot  wound,  553 

compression  of,  46 

wounds  of,  453 
facial,  compression  of,  46 
femoral,  compression  of,  49 

aneurism  of,  traumatic,  462 

varicose,  425,  463 

ligature  of,  463 
of  foot,   circumscribed    aneurism  of, 
464 

wounds  of,  463 
of  forearm,  wounds  of,  460 
gluteal,  traumatic  aneurism  of,  462 

ligature  of,  462 
of  hand,  traumatic  aneurism  of,  462 

wounds  of,  460,  461 
iliac,  common,  compression  of,  48 

external,  coni])ression  of,  48 
ligature  of,  463 
intercostal,  wounds  of,  455 
internal  maxillary,  wounds  of,  454 
internal  mammary,  wounds  of,  455 
lingual  wounds  oi',  454 
meningeal,  line  of,  759 
of  leg,  wound  of,  464 
palmar.    S<'i\  Arteries  of  hand 
peroneal,  wouiuls  of,  464 
plantar.    Sec  Arteries  of  foot 
popliteal,  ligature  of,  464 


Arteries  or  Artery — continued. 
radial,  compression  of,  47 

traumatic  aneurism  of,  460 
ligature  of,  460 
subclavian,  compression  of,  46 

woimds  of,  455,  562 
temporal,  compression  of,  46 

traumatic  aneurism  of,  454 
tibial,  anterior,  compression  of,  49 

posterior,  wounds  of,  464 
ulnar,  comjiression  of,  47 

traumatic  aneurism  of,  460 
ligature  of,  460 
vertebral,  wounds  of,  454 
Arterio-venous  wounds,  449 
Arthritis  {UpOpov,  a  joint  ;  itis,  denoting  in- 
flammation), septic,  491 
traumatic,  481 
Artificial  limbs,  70 
respiration,  823 

teeth,  removal  of,  from  stomach,  828 
Aseptic  traumatic  fever,  289 
Asphyxia  (a,  negative  ;  ff<^v|iy,  pulsation), 
820 

from  burning,  377 

from  carbonic  oxide,  826 

causes  of,  820 

from  chloroform,  24,  25 

from  drowning,  821 

artificial  respiration  in,  823 

in  infants,  825 

from  hanging,  826 

from  noxious  gases,  825 

secondary,  825 

in  wounds  of  throat,  8 1 1 
Aspirator,  use  of,  in  abscess,  237,  238,  242 
Asthenic  (d,  negative  ;  o-e«Vos,  strength)  in- 
flammatory fever,  186 

treatment  of,  205 
Asthenopia,  777 
Astragalus,  dislocation  of,  692 

fracture  of,  623 

comminuted,  624 
Astringents  in  congestive  inflammation,  218 
Atheroma  {addpa,  or  aOnpr),  porridge  or  meal), 

diagnosis  from  pus,  227 
Atheromatous  cysts,  967 
Atlas,  dislocation  of,  797 
Atmosphere,  influence  on  erysipelas,  912 

organic  matters  in,  9,  165 
Atrophy  of  bone,  a  cause  of  fracture,  497 
Auscultatory  signs  of  foreign  bodies  in  air- 
tube,  815 

Ausspitz,  excision  of  primary  sore  in  syphi- 
lis, 1097 

Aveling's  transfusion  apparatus,  391 
Avulsion  of  arm  in  reduction  of  old  disloca- 
tion, 635,  658 
Axillary  ai-tery.    See  Arter}-,  axillary 
Axis,  dislocation  of,  797 


l')ACiLij  in  infective  inflammations,  11,  167, 
,    .  936 

l>acillus  anthracis,  mode  of  growth  of,  363 

tuberculosis,  1051,  1057,  1061 
r)acteria  in  infective  fluids,  164,  166  907 
935 

Bacterium  termo,  164,  166 
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Bandages  iu  fractures,  513,  563 
plaster  of  Paris,  519 
silicate  of  soda,  520 
starched,  515 

in  fractured  leg,  615 
in  fractured  patella,  610,  614 
in  fractured  thigh,  604 
tight,  gangrene  from,  513,  523 
Eanks,  Mitchell,  cancer  of  the  breast,  1041 
Bantock,  operation  for  ruptured  perin?euni, 
871 

Barbadoes  leg,  980 

Bardeleben,  statistics  of  amputations,  78, 

106,  121,  126 
Bark  in  scrofula,  1063 
P)arlow,  cranio-tabes  in  syphilitic  children, 

1 128 

liarrow,  origin  of  hydrophobia,  354 
r>arwell,  anii>utation  at  hip,  improvement  of 
albuminoid  disease,  232 
ox-aorta  ligature,  424 
Baudeus,  results  of  excision  of  shoulder, 

347 

ha-morrhage  after  gun-shot,  333 
Bavarian  method  of  treating  fractures.  520 
Baynton's  method  of  dressing  ulcers,  263 
Beanchesne,  air  in  veins,  465,  466,  468 
Beck,  alveolar  sarcoma  of  foot,  1003 
stretching  of  bracliial  plexus,  479 
trephining  for  meningeal  hfcmorrhage, 

758 

Bed-sores,  889 
Bees,  stings  of,  350 
Begin,  air  in  veins,  468 
Bell,  l>.,  amputation  by  triple  incision,  54 
Sir  C,  accident  in  reduction  of  old 
dislocations,  657 
cause  of  death  in  spinal  injury, 
769 

mechanism  of  meningeal  extrava- 
sation, 755 

state  of  parts  after  gun-shot  wound, 
348 

John,  arrest  of  ha'raon-hage,  394 
ligature  of  wounded  artery,  431 
traumatic    aneurism    of  gluteal 
artery,  462 
Belladonna  in  inflammation,  205,  221 

plasters  in  cancer,  1036 
I  Jellows  for  artificial  respiration,  823 
]  {ending  of  bone,  485 

after  badly  set  fracture,  541 
of  cranial  bones,  717 
Benign  tumours,  960 

Benuet,  H.,  blood-cyst  resembling  encepha- 

loid  disease,  972 
Benzoic  acid  as  an  antiseptic,  196 
]^>erard,  discliarge  from  ear  in  fracture  of 

base  of  skull,  726 
veins  of  neck,  467 
Bcrgmanu,  antiseptic  treatment  of  gun-shot 

wounds,  339 
Bernard,  C,  diabetes  from  injury  of  brain, 

751 

reflex,  action  of  vaso-niotor  and  pupillary 

nerves,  778 
I'ichat,  air  in  veins,  465 
IJickeistetli,  diffuse  submaxillary  cellulitis, 

926 


Bigelow.  dislocations  of  hip-joint,  629,  670, 
684 

impacted  intracapsular  fracture  of  neck 

of  femur,  593 
pubic  dislocation,  683 
Bilateral  dislocation  of  lower  jaw,  640 
Billard,  pathology  of  dislocation  in  sciatic 
notch,  674 

Billrotli,   alveolar  and  large  round-celled 
sarcoma,  described  by,  1003 
concentric  arrangement  of  fibromata, 
981 

formation  of  ulcers,  256 

injury  of  axillary  nerves  in  reduction  of 

old  dislocations,  658 
iodoform-treatment  of  wounds,  3 1 3 
scar-formation,  275 

statistics  of  amputations,  78,  106,  121, 
126 

traumatic  fever,  288 
ulceration  from  chronic  inflammation, 
256 

union  of  bone,  505 
Bill's  snare  for  extraction  of  arrow-heads, 
325 

Birch-Hirschfeld,  microscopic  organisms  iu 
syphilis,  1079 

Birkett,  secondary  inflammations  in  internal 
organs  after  amputation,  83 

Bistoury,  Liston's  spring-backed,  38 
abscess,  240 

Bites  of  rabid  animals,  353.     Sec  Hydro- 
phobia 
of  snakes,  351 

Blackadder,  hospital  gangrene,  902 

"  Black  eye,"  treatment  of,  803 

Blackman,   reduction  of  old  dislocations, 
633.  657 

Bladdei!,  foreign  bodies  in,  865,  866 
injm-ies  of,  863 

mortality  in,  864 
rupture  of,  863 

treatment,  865 
villous  tumour  of,  994 
Blandin,  treatment  of  air  in  veins,  469 
Blind  boils,  890 
Blisters  in  l)ubo,  1078 

in  chronic  inflammation,  216 
Bi-ooi),  bufl'y  coat  in,  184 

changes  of,  in  arrest  of  lucmorrhage, 
395 

in  inflammation,  176,  184 
leading  to  thrombosis,  953 
in  pyiemia,  949,  950,  953 
characters  of,   in    haemorrhage  from 

wounded  vessels,  388 
cutting  off  supply  of,  in  inflammation, 
203 

determination  of,  143 

discharge  of.     Sec  Extravasation  and 

HiBmorrliage 
diseased  states  of  predisposing  to  ery- 
sipelas, 9 1 2 

to  inflammation,  160 
effusion  of,  in  inflammation,  154 
extravasation  of.    See  Extravasation 
migration  of  white  corpuscles,  152 
mixed  with  pus,  diagnosis  of,  227 
oozing  of,  in  fracture,  536 
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states  of,  influencing  suppuration,  228 

transfusion  of,  390 

vomiting  of,  in  fracture  of  skull,  724 
Blood-corpuscles  in  inllaniniation,  152,  184 

increase  of,  in  py.'vniia,  952 

passage  through  walls  of  vessels,  148 
Blood-cysts,  972 

sarcomatous,  1005 
Bloodless  methods  of  operation,  44 
Blood-letting,  general,  in  acute  inflamma- 
tion, 198 

in  wound  of  lung,  839 

local,  in  acute  inflammation,  201 

chronic  inflammation,  215 
Blood-poisoning,  940 

Blood-vessels,  changes  in,  connection  of, 
with  thrombosis,  953 
dilatation  of,  in  inflammation,  176 
ett'ect  of  al)scess  on,  235 
formation  of,  in  granulations,  278 

in  lymph,  273 
haemorrhage  from,  388 
injuries  of,  386,  453.    Sec  Arteries  and 
Veins 

rupture  of,  in  attempts  to  reduce  old 
dislocations,  634,  657 

Blundell,  tranfusion  of  blood,  391 
Bolls,  890 

diagnosis  from  carbuncle,  893 

syiihilitic,  1108 

treatment  of,  891 
Bone,  Archimedean  drill  for  perforating, 

549 

atrophy  of,  497 

bending  of,  485,  541 

bending,    rebreaking,   and  resetting, 

541 

bruising  of,  485 
fibromata  of,  983 
fracture  of.    Sec  FractiU'e 
gunimata  of,  11 16 
injuries  of,  485 
re-breaking  of,  541 
sawing  in  amputation,  65 
sclerosis  of,  11 16 
scrofulous  disease  of,  1055 
syphilitic  diseases  of,  11 15 

in  infants,  1127 
transplantation  of,  550 
in  tumours,  9S6,  1002 
union  of,  after  compound  fracture,  530 
simple  fracture,  505 
Bones, conditions  of,  predisposing  to  fracture, 
496 

Bone-setters,  manipulations  of,  632 
Bonnet,  wound  of  thoracic  duct,  S46 
Boracic  acid  as  an  antiseptic,  194,  378 
Borland,  dressing  of  stumps,  79 
Pjouisson,  syphilitic  tumours  of  muscles  and 

tendons,  11 18 
Brachial  artery.    See  Artery,  brachial 
Bradley,  wound  of  thoracic  duct,  846 
Brain,  afi'ectcd  in  py.emia,  952 

compression  of,  707.    Sec  Compression 
concussion  of,  697,  707.    Scf.  Concus- 
sion 

contusion  of,  701 

diabetes  from  injuries  of,  751 
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eflfect  of  injury  of,  on  mental  powers, 
702 

extravasation  on  or  in,  754,  755.  See 

Extravasation 
foreign  bodies  in  contact  with,  747 
hernia,  or  fungus  of,  751 

treatment  of,  752 
inflammation  of,  traumatic,  702.  Sec 

Encephalitis 
injuries  of,  73S 

by  contrecoup,  739 
death  from,  739 
effects  of,  740 

on  mental  powers,  702 
secondary  consequences  of,  702 
treatment  of,  748 
trephining  for,  749 
irritation  of,  700 

treatment  of,  708 
laceration  of,  701,  739 
causes  of,  738 

post-mortem  appearances  of,  739 
symptoms  of,  740 
paralysis  from  compression  or  injury  of, 

743,  745 
suppuration  in,  705 
syxihilitic  disease  oi',  1 1 20 

in  children,  11 29 
syphiloma  of,  11 20 
wounds  of,  701,  738 
Brain-sand,  1005 
Breast,  scirrlius  of,  1024 
Hreschet,  reduction  of  old  dislocations,  633 
Broea,  localization  of  cerebral  functions,  742 
Brodhurst,  reduction  of  old  dislocation,  633 
Brodie,  Sir  B.,   liquor  potassa;  in  fatty 
tumour,  979 
cure  of  cancer,  1042 

foreign  body  in  trachea  (Case  of  Biimel), 
819 

gangrene  from  excessive  bleeding,  875 
return  of  cancer,  1041 
treatment  of  senile  gangi-ene,  886 
treatment  of  syphilis  in  infants,  1 130 
Bronchus,  foreign  bodies  in,  814 
Bronchitis   (fipoyxos,  the  windpipe  ;  itis, 
denoting    inflammation),  asthenic, 
208 

from  foreign  bodies  in  air-passage,  816 

in  wounds  of  throat,  811 
B)rown,  li.,   operation   for  ruptured  peri- 

nasum,  and  after-treatment,  870 — 872 
Ih-owne,  G.  B.,  appliance  for  elastic  exten- 
sion, 601 

Brownrigg,  amputation  at  lup-joiut  by,  134 
liruise.    Sec  Contusion 
F)ruising  of  bone,  485 

Pn-uns,  fractuies  of  shaft  of  femur  in  children 
599 

spontaneous  fracture  in  insane,  497 
statistics  of  amputations,  78,  106,  121 
126  '  ' 

Brush-burn,  322 

Bryant,  dressing  for  wounds,  313 
ilio-femoral  triangle,  597 
statistics  of  mortality  after  amputations, 

83,  105 
torsion  of  arteries,  406 
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HrBO  {$ovPwv,  the  groin),  1076 

creeping,  1077 

indolent,  1078,  1089 

l)riniary,  1077 

treatment  or,  1077 

virulent,  1076 

inocnliition  of,  1076 
Riibon  d'eniblee,  1077 

Buck,  treatment  oftVaeture  by  extension,  603 
Budge  and  Waller,  inHuence  of  spinal  cord 

on  eye,  77S 
Buffer-accidents,  847,  850 
Bufly  coat  of  blood,  184 
Bulldog  forceps,  410 
Bullets,  fracture  of  bones  by,  328 

detection  and  removal  of,  337 

retention  of,  336 

wounds  by,  328 
of  skull,  729 

Sec  Gun-sliot  wounds 
Bunions,  971 
Burns,  372 

amputation  in,  383 

cicatrices  of,  383 

clinical  history  of,  375 

contraction  after,  prevention  and  treat- 
mtjnt  of,  379 

constitutional  etfocts  of,  374 

Dupuytren's  classification  of,  372 

local  effects  of,  372 

mode  of  death  fi-om,  377 

post-mortem  appearances  after,  375 

prognosis  of,  376 

treatment  of,  377,  378 

ulcer  of  duodenum  in,  376 

warty  cicatrices  after,  383 
Burggraeve,  application  of  starclied  bandage, 
515 

Buiis.-E,  bruising  of,  486 

cystic  tumours  of,  971 

diagnosis  from  abscess,  237 
Busch,  (lislocation  of  the  shoulder-joint,  629 

statistics  of  amputations,  106,  126 
Butcher's  surgical  clamp,  542 
Butlin,  plexiform  sarcoma,  1004 
Button -suture,  303 


Cachexy,  cancerous,  497,  1016 

Cadge,  aneurismal  varix  in  a  stump,  72 

Calcaneum.    Scr,  Os  calcis 

Calcification  (calx,  lime  ;  facio,  I  make)  of 

arteries,  gangrene  from,  876 
Calcium  sulphide  in  scrofula,  1063 
Calleiider,  dressing  of  stumps,  68,  79 

antiseptic  treatment  of  abscesses,  250 

displacement  of  muscles,  480,  481 

stretching  of  nerves.  479 

torsion  of  arteries,  406 
Callous  ulcer,  263 
Callus,  505 

Calomel  in  acute  inflammation,  201 

in  chronic  inflammation,  214 
Canalization  of  veins,  467 
Cancer,  1006 

acute,  1006 

adenoid,  1009 

alveolar,  1027 

aneurismal  pulsation  in,  1026 
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blood-vessels  of,  1020 
causes  of,  loii 
caustics  in,  1037 
cells  of,  1021,  1022 
clinical  history  of,  lOll 
colloid,  1008,  1027 
compression  in,  1039 
congelation  of,  1036 
constitutional    or    local    origin  of, 
1015 

curability  of,  1042 
diagnosis  of,  from  epithelioma,  1033 
encephaloid,  looS,  1025,    Sec  Encepha- 
loid 

epithelial,  102S.    Sec  Epithelioma 
excision  of,  1041 
gelatinous,  1027 
glandulai',  1008 

diagnosis  of,  1028 
geographical    distribution    of,  1014, 

1020 
groups  of,  1008 
hard,  1022 

hereditariness  of,  1012,  1018 
influence  of  age  on,  1012,  1013 

of  sex,  1013 
juice  of,  102 1 
medullary,  1008 
microscopic  characters  of,  1022 
mortality  from,  1012 
origin  and  growth  of,  1009,  1016 
progress  of,  loi  i 

scirrhous,  1008,  1022.    See  Scirrhus 
secondary  growths  of,  1009 
selection  of  cases  for  operation,  1044 
soft,  1008 
statistics  of,  1012 
stroma  of,  1022 
treatment  of,  1035 

constitutional,  1035 
local,  1036 

by  caustics,  1037 

compression,  1039 
excision,  1041 
varieties  of,  1008,  1021 
Cancerous  cachexy,  497,  1016 
Cancrum  oris,  895 
Cannon  bails,  injuries  by,  331 
Canquoin's  paste,  1038 
Carbolic  acid  in  treatment  of  abscess,  246 

in  dressing  of  wounds,  191 
Carbolic  gauze,  192,  537 
Carbolized  catgut,  preparation  of,  422 

silk  ligature,  423 
Carbonic  oxide,  asphyxia  from,  826 
Caubuxclk  {ccirho,  a  coal),  892 
diagnosis  of  boils  from,  893 
facial,  894 
pyreniia  in,  894 
treatment  of,  893 
Carcinoma  (KapKlvos,  a  crab),  reticulare,  1006. 

See  Cancer 
Carden,  amputation  by  long  anterior  flap, 
64,  128 

Caries  (Lnf.  rottenness),  syphilitic,  11 17 

worm-eaten,  11 17 
Carotid  Artery.    See  Artery,  carotid 
Carpus.    See  Wrist 
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t'arron  oil,  379 
Carr's  splint,  584 
Cartilages  of  ril IS,  fractures  of,  558 
Cartilaginous  timiours,  983.    Sc<:  Enchon- 
droma 

Castara,  air  in  veins,  468 
Catarrhal  inllamniatiori,  219 

treatment,  221 
Catarrh,  varieties' ol,  220 
Catgut  ligatures,  420 
Caustics  (/coi'o),  I  burn)  in  abscess,  243 
in  bites  of  labid  animals,  360 
bubo,  1078 
cancer,  1037 
chancre,  1072 
dissection-wounds,  371 
epithelioma,  1049 
Cautery,  actual,  in  chronic  inllammation, 
217 

liaimon'hage,  402 
galvanic,  in  fistula  or  sinus,  253 
Cavernous  angioma,  989 
Cell-infiltration,  157 
Cells,  cancer,  1021,  1022 
of  enchondronia,  984 
of  e])ithelioma,  1031 
myeloid,  looi 

of  sarcomata,  998,  999,  1000 — loo^ 

See  Sarcoma 
ofscirrhus,  1024,  1025 
Cellular  erysipelas,  914,  924 

treatment  of,  925 
Cellulitis,  dilfuse,  924 

of  ischio-rectal  fossa,  927 
of  scalp,  715,  716 
of  submaxillary  i-egion,  926 
Cellulo-cutaneous  erysipelas,  914,  919 

treatment  of,  922 
Celsus,  amputation  desci'ibed  by,  52 
Cephallifeniatoma  ((ce^aAij,  the  head  ;  af^ua, 
blood),  713 
pathology  of,  714 
subaponeurotic,  713 
subpericranial,  713 
treatment  of,  714 
Cerebral  complications  of  injuries  of  the 
head,  700,  704.     Scr.  Hraiu,  Com- 
pression, and  Concussion 
nei-ves,  injuries  of,  751 
Cervical  region  of  spinal  cord,  effect  of 
concussion  of,  766 

effect  of  W(jund  of,  788 
vertebne,  dislocation  of,  797 
Chancre,  1066 

consecutive  results  of,  1075 
diagnosis  of,  1071 
Hunterian,  1086 

induration  of,  1086 
seat  and  number  of,  1087 
treatment  of.  1097 
inoculation  of,  107 1,  1076 
oi  igin  and  progress  of,  1067 
phageda'uic,  1070,  1088 
treatment  of,  1074 
simple,  1069 

treatment  of,  1072 
situations  of,  1071,  1087,  1088 
sloughing,  1069 

treatment  of,  1074,  io75 
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soft,  1069 

treatment  of,  1072 
s]iecifie  natuie  of,  1067 
treatment  of,  1072 
constitutional,  1075 
local,  1072 
urethral,  1087 
varieties  of,  1069 
in  women,  1071,  1087 
Chancrous  excoriation,  1069 
Charbon  or  malignant  pustule,  361 
Chassaignac's  draiiiage-tubes,  244 

ecraseur.  1047,  1048 
Chaussier,  fractures  in   iuira-uterine  life, 
496 

Cheek,  chancre  of,  1088 
injuries  of,  800 
!  Chelius,  dislocation  of  calcaneum,  695 
Chemical  causes  of  inflammation,  163 
Chenu,  inortality  in  amputations,  81 
;  Cheselden,   operation  bv  double  incision, 
54 

Chest,  fracture  of  bones  of,  556 
h:\;morrhage  into,  556 
injuries  of,  558,  829 
wounds  of,  837 

treatment  of,  S38 
Chilblains,  3S5 
Children.    Sec  Infants. 
Chisholm,  secondary  hainiorrhage  after  gun- 
shot, 333 

deaths    after    excision    of  shoidder, 
347 

Chlorides,  caustic,  in  cancer,  1038 
Chloride  of  zinc  as  an  antiseptic,  193 
Chloe()Foi:m,  21 

administration  of,  21 
in  disease,  26 
in  severe  injuries,  27 

cautions  in  using,  21 

compared  witli  ether,  29 

deatli  from,  24,  25,  31 

eftects  of,  23 

head-symptoms  ]n-odnced  by,  26 
influence  on  mortality  after  operations, 
20 

inhalers  for,  22 

secondary  ett'ects  of,  25 

treatment  of  eflects  of,  35.    See  Antes- 

j  thetics 

I  Chondroma  (xoVSpos,  cartilage),  983 
Choudro-sarcoma,  1006 
Chopart's  amputation  of  foot,  1 1 1 ,  112 
Chronic  abscess,  233 
I  treatment  of,  240 

gangrene,  873 

hydrocephalus,  720 

infiammation.    See  Inflammation 

interstitial  keratitis,  11 28 
CiCAT]iicEs,  changes  in,  381 

contracted,  after  burns,  379 
after  chancre,  1075 

contraction  of,  381 

division  of,  38 1 

Avarty,  383 
Cicatrization,  process  of,  273,  397 
Cilio-spinal  axis,  77S 
Circular  method  of  amputating,  54 
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Oii-cul:ition,  local  disturbances  of,  142 
chaiitrcs  in,  leading  to  formation 

tlironibus,  953 
collateral  aft(;r  li<,Mturc,  428 

haiinorrhage  from,  431 
gangrene   froiii   obstruction  of.  See 
Gangrene 

Circumscribed  traumatic  aneurism,.447 
Clark,  Sir  J ames,  state  of  digestive  organs  in 

scrofula,  1059 
Clavicle,  dislocation  of,  642 
fractures  of,  559 

apparatus  for,  563 
comminuted,  562 
complications  of,  560 
Ellis's  splint  for,  565 
treatment  of,  562 
union  of,  565 
Cleland,  subglenoid  dislocation  of  luimtTus, 
649 

Ciiue,  tr!'})bining  tlie  spine,  795 
Clove-hitch  knot,  631 
(-"lover's  cliloroform-iiihalcr,  22 

ether-inhaler,  28 
Coagulation  in  wounded  arteries,  395 
Coagulum  of  inflammatory  blood,  184 

in  wounded  arteries,  external,  396 
imperfect,  415 
internal,  396,  415 
Coaptation  of  surfaces  of  wounds,  302 
Cobra  di  capello,  bite  of,  351 
Coccydynia   {k6kkv^,    the  coccyx  ;  oSwrj, 

pain),  589,  669 
Coccyx,  dislocation  of,  669 

fracture  of,  587 
Cockridge,  dogs  in  Sark,  354 
Cod-liver  oil  in  scrofula,  1063 

in  chronic  inflammation,  214 

in  syphilis,  1 106 
Colinheim  on  migration  of  blood-corpuscles, 
148,  153,  155 

formation  of  pus,  224 

inoculation  of  cancer,  loio 
Coin-catcher,  827 
Cold  abscess,  233 

treatment  of,  241 
Cold  as  an  anfesthetic,  340 

constitutional  effects  of,  385 

in  luemorrhage,  401 
acute  inflammation,  190,   196,  197, 
204 

chronic  inflammation,  215 

local  influence  of,  383 
Collatt^ral  circulation,  428,  431 
Colles'  fracture,  578 

cause  of  deformity  in,  579 

meclianism  of,  580 

treatment  of,  582 

union,  584 

Colles  on  transmission  of  syphilis,  1082, 
1083 

Colliquative  (liqno,  I  melt)  discharges,  231 
( 'oUodion,  use  of,  in  wounds,  305  _ 
Colloid  (K'jWa,  glue  or  gelatine  ;  flSos,  form) 
cancer,  1027 

styptic.  305 
Colour  in  acute  inflammation,  175 

in  clironic  inflammation,  212 
Columnar  epithelioma,  1009,  1033 


Coma  (Ku/xa,    deep  sleep,  letliargy)  from 

chloroform,  24 
from  compression,  709 
from  intracranial  extravasation,  755 
from  intracranial  suppuration,  706,  710 

— 712 

from  traumatic  enc(^]ihalitis,  704 

Comminuted  fracture,  498,  528,  534 

Complete  dislocation,  626 

Complicated  dislocation,  636 
fracture,  499,  525 

Compound  cysts,  973 

dislocation,  626,  635,  637 
fracture,  498,  529.  See  Fracture. 

Compress,  graduated,  404 

Compression  of  arteries  in  haemorrhage, 

403,  404 
brain,  700 

from  traumatic  encephalitis,  703 
from  extravasation,  753 
treatment  of,  709 
in  cancer,  1039 

contusion,  294 
digital,  varicose  aneurism  treated  by, 
452 

of  spinal  cord,  765 

paralysis  from,  786 — 788 
Compressor  for  aorta,  Lister's,  48 
Concussion  of  brain,  697 

diagnosis  from  spinal  concussion, 
780 

from  compression,  700 
pathology  of,  698 
signs  of,  698 
terminations  of,  699 
treatment  of,  707 
of  e3-e,  805 

of  spinal  cord,  765.  See  Spinal  cord. 
Condyles  of  fenmr,  amputation  through, 
128,  129 
results,  131 

of  humerus,  fracture  of,  572 
Condylomata,  {k6vSv\os,  a  swelling),  993, 
1 110 

Congenital  cysts,  973,  975,  976 
dislocations,  626,  639 
of  hip,  686 

lower  jaw,  642 
patella,  687 
shoulder,  656 
wrist,  664 

fracture,  496 
syphilis,  1123 

evidence  of,  in  adult  life,  11 29 
prognosis,  1129 
treatment,  1129,  11 30 
Congestion,  143 
active,  143,  149 
causes,  143 
symptoms,  144 
effects,  144 
passive,  144 
cau-ses,  145 
efl'ects,  145 
symptoms,  146 
treatment,  146 
of  intenial  organs  in  burns,  255 
hypostatic,  pulmonary,  in  fractures, 
522 
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Congestive  abscess,  235 
Conical  stumps,  71 

Conium,  powdered,  in  tlie  tieatinunt  of  can- 
cer, 1036 
Conjunctiva,  injuries  of,  802 

scrofulous  affection  of,  1055 
Connective  tissue,  963 

overgiowth  of,  1092,  11 12 

tumours  formed  of  modifications  of,  977 
Constitutional  after-treatment  in  operations, 

50 

gangrene,  873 

manifestations  of  syphilis,  10S9 
treatment  of  abscesses,  250 
venereal  disease,  1079 
Contagious  emanations,  evil  results  of,  12 
Contagious  gangrene,  897 

ulcer  or  chancre,  1066.    Sec  Chancre 
Continuous  suture,  304 
Contrecoup,  fracture  by,  495 

injury  of  brain  by,  739,  757 
Contused  and  lacerated  wounds,  315 
amputation  for,  320 
characters  of,  315 
gangrene  in,  318 
progress  of,  316 
sloughing  in,  316 
treatment  of,  318 
Contusion    {contimdo,    I   beat  together), 
causes,  294 

degrees  of,  294 
diagnosis  of,  295 
treatment  of,  295 
Contusion  of  abdomen,  847 
of  arteries,  387 
bones,  485 
brain,  701 
eye,  803 
joints,  486 
lungs,  829 
nerves,  472 
scalp,  712 
skull,  717 

Cooper,  Sir  A. ,  catgut  ligatirres  used  by,  420 
classification  of  dislocations  of  hip,  670 
classification  of  dislocations  of  shoulder, 

646,  650 
direction  of  gunshot- wounds,  329 
dislocation  of  lower  jaw,  640 

femur  on  dorsum  ilii,  673 
incomplete    dislocation   of  shoulder, 
647 

intracapsular  fracture  of  head  of  femur, 
588 

recurrence  of  cancer,  1041 
reduction  of  dislocated  elbow,  662 

of  dislocated  femur  by  exten- 
sion, 683 
of  old  dislocations,  633 
relative  frequency  of  dislocations  of  hip, 
671 

subluxation  of  jaw,  641 

ti-eatment  of  compound  fracture,  536 

wrench  of  spine,  788 
Cooper,  B.,  air  in  veins,  467 
Cooper,  S. ,  treatment  of  wounded  intestine, 
859 

Coracoid  process,  fracture  of,  566 
Cormack,  air  in  veins,  465 


Cornea,  syphilitic  affection  of,  1128 
Cornil  and  Eanvier,  definition  of  a  tumoui-, 
959 

Corns,  993 

Coronoid  process  of  lower  jaw,  fracture  of, 
553 

of  ulna,  fracture  of,  577 
Corpuscular  lym]ih,  270 
Corrosive  liquids,  effect  of  application  of, 
381 

Costal  cartilages,  fracture  of,  558 
Cotton-wool  dressing  of  wounds,  307 
Counter-irritants  in  chronic  inflammation, 

215 

Counter-opening  in  abscess,  241 
Coxeter  s  aspirator,  238 

ear-scoop,  801 
Cranio-tabes  in  syphilitic  children,  1128 
Cranium.    See  Skull. 
Creeping  bubo,  1077 

Creighton,   secondary  growths   of  cancer, 
1009 

Crepitus  {arpo,    I  crackle)    in  fracture, 
502 

Cripps,  ligature  of  common  carotid,  453 

Croft,  plaster  splint,  520 

Croupous  inflammation,  175 

Crutch-palsy,  522 

Cuboid  bone,  dislocation  of,  695 

Cuneiform  bones,  dislocation  of,  695 

Cunningham,  foreign  bodies  lodged  within 

the  skull,  747 
Cupping  in  inflammation,  203 
Curare  in  hydrophobia,  360 
Curdy  pus,  224 

Curling,  atrophy  of  bono  after  fracture, 
545 

perforating  ulcer  of  duodenum  afrer 

burns,  376 
subclavicular  dislocation  of  humerus, 

647 

Cutaneous  erysipelas,  898,  914 

treatment  of,  918 
Cuticle,  transplantation  of,  260 
Cylindroma,  1003 

Cystio  {KvffTis,  a  cyst  or  bladder)  tumouii.s, 
966,  973 
compound,  973 
multilocular,  973 
proliferous,  973 
Cystic  hygroma,  976 
Cysts,  966 

atheromatous,  967 
diagnosis  of,  969 
progress  of,  968 
treatment  of,  970 
blood-,  295,  972 
congenital,  973,  975.  976 
definition  of,  966 
dentigerous,  975 
dermoid,  974 

from  dilatation  of  ducts  of  glands,  97 1 
exudation-,  966 
in  tumours,  973 
mucous,  971 
parasitic,  976 

treatment  of,  977 
retention-,  966 
serous,  971 
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Dactylitis,  strumous,  1056 

syphilitic,  11 17 
Date,  disloeatiou  of  elbow-joint,  659 
Davies-Colley,    treatment    of  malignant 

])ustule,  365 
Davy,  plan  for  compressing  common  iliac 

artery,  48 
Davaine,  infective  processes,  936 
Dawson,  Cawtley,  death  from  administration 

of  ether,  29 
De  Chaumont,  air  of  hospitals,  12 
Decomposing    animal    matters,  wounds, 

poisoned  by,  367 
Decomposition,  prevention  of,  in  wounds, 

319,  841 
Definitive  callus,  505,  507 
Degeneration  in  stumps,  73 
Deglutition  aftected  in  hydrophobia,  357 

affected  in  syphilis,  1 11 3 
Delayed  union  of  fractured  bone,  543 
Delikium,  inflammatory,  291 

irritative  or  nervous,  291 

traumatic,  290 
Demarcation,  line  of,  in  gangrene,  882 
De  Merle,  infantile  sj-philis,  11 24 
De  Morgan,  Campbell,  ciiloride  of  zinc  as  an 

antiseirtic,  193 
Denis,  transfusion  of  blood,  390 
Dentigerous  cysts,  975 
Depletoiy  treatment,  remarks  on,  204 
Depressed  fracture  of  skull,  727,  736 

diagnosis  of,  728 

symjitoms  of,  731 

treatment  of,  733 

vai-ieties  of,  728 
Depression,  a  predisposing  cause  of  inflam- 
mation, 160 

stage  of,  in  burns,  374 
Dermoid  {Sep/xa,  skin  ;  tUos,  fom)  cysts,  974 
Desmoid  (Seo-/ios,  band  or  ligament  ;  tldos, 

form)  tumours,  979,  981 
Determination  of  blood,  143 
Deyber,  cataract  from  wound  of  eyebrow,  805 
Diabetes  from  cerebral  injury,  751 
Diabetes,  gangrene  in,  878 

saccharine,  influence  of,  on  result  of 
operations,  7 

an  exciting  cause  of  inflammation,  161 
Diaphoretics  in  inflammation,  200 
Diaj)hragm,  wounds  of,  852 
Diathesis  {Siddfffts,  arraugement  or  dispo- 
sition), scrofulous,  1058 
Diday,  infantile  syphilis,  1124 
Dietienbach,  subcutaneous  section  of  muscles 
in  old-standing  dislocations,  635,  656 

treatment  of  ununited  fracture,  548 
Diet  in  asthenic  inflammation,  206 

in  cancer,  1036 

in  injuries  of  thi'oat,  813 

in  chronic  inflammation,  213 

in  scrofula,  1062 

before  and  after  operations,  8,  50 
Dieulafoy's  aspirator,  237,  242 
Diffuse  abscess,  233 

cellulitis,  924 

of  ischio-rectal  fossa,  927 
of  scalp,  715,  716 

peritonitis,  855 

traumatic  aneurism,  445 


Digital  compression  in  varicose  aneurism, 
452 

Diphtheritic  inflammation,  17 
Directing  lines  to  arteries,  411 
Disarticulation   {dis,   from  ;    articidiis,  a 

joint),  52.    S'ee  Amputation 
Disease,  mortality  after  amputations  for,  75, 

81,  82 

Disinfectants  in  contused  wounds,  319.  See 
Antiseptic 

Dislocation  {dis,  from  ;  loco,  I  place),  626 
causes  of,  direct,  627 

jjrodisposing,  626 
complete,  626  1 
complicated,  636 
complicating  fracture,  528,  535 
compound,  626,  635,  637 
congenital,  626,  639.    See  Congenital 

dislocations 
effects  of,  627 

muscular  resistance  to  reduction,  628 
incomplete,  626 

of  old  standing,  accidents  in  reduction 
of,  634,  656 
changes  produced  in,  632 
complicating  fracture,  529 
treatment  of,  633 
pathological,  626 
reduction  of,  628 
by  extension,  631 
by  manipulation,  632 
by  mechanical  contrivances,  630 
signs  of,  627 
spontaneous,  626,  637 
treatment  of,  628,  632 
Dislocations,  special,  640 
of  ankle,  691 

backwards,  691 
compound,  692 
foi-wards,  691 
inwards,  691 
outwards,  691 
treatment  of,  692 
astragalus,  692 

backwards,  692,  693 
compound,  694 
forwards,  692,  693 
reduction  of,  693 
atlas  and  axis,  797 
calcancum,  695 
carpal  bones,  664 
carpus,  663 
clavicle,  642 

at  both  ends,  645 
outer  end,  644 
sternal  end,  642 
coccyx,  669 
cuboid  bone,  695 
cuneiform  Ijones,  695 
elbow,  658 

backwards,  659 
complications  of,  661 
compound,  662 
diagnosis,  661 
forwards,  659 
lateral,  659 
of  old  standing,  633 
iilna  and  radius  in  opposit  direc- 
tions, 661 
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Dislocations,  special — continued. 
elbow,  reduction  of,  66 1 

See  Dislocations  of  radius  and  of 
ulna 
femur,  669 

backwards,  670 

classilication  of,  Bigelow's,  670 

classification  of.  Cooper's,  670 

complicated  with  fracture,  685 

congenital,  686 

dorsal  below  tendon.  673 

everted  dorsal,  671,  685 

downwards,  680 

downwards  and  backwards,  682 

downwards  and  outwards,  679 

effects  of,  669 

ilio-sciatic,  672 

reduction  of,  678,  679 
irregular,  671,  685 
mechanism  of,  670 
of  old  standing,  685 
on  pubic  bone,  671,  683 

reduction  of,  683 
reduction,  methods  of,  671,  676, 

679,  680 
regular,  671 
sciatic,  676 

reduction  of,  679 
simultaneous,  686 
subspinous,  684 
supraspinous,  671,  684 
on  thyroid  foramen,  671,  680 

reduction  of,  6S0 
upwards,  676,  682 
U]3wards  and  backwards,  672 

reduction  of,  676 
fibula,  head  of,  690 
lingers,  668 

oi'  ibrearm.    See  Dislocation  of  elbow 
hand.    See  Dislocation  of  M'rist 
hip,     669.      See     Dislocation  of 

femur 
humerus,  646 

backwards,  648 

causes  of,  650 

complications  of,  655 

compound,  655 

congenital,  656 

diagnosis  of,  650 

downwards,  648 

forwards,  647 

inwards,  646 

old  unreduced,  656 

partial,  649 

reduction  of,  652 — 5 

relative  frequency,  650 

signs  of,  646 

subclavicular,  647 

subcoracoid,  647 

subglenoid,  648 

subspinous,  648 

varieties  of,  646 

relative  frequency  of,  650 

jaw,  640 

bilateral,  640 

congenital,  642 

reduction  of.  641 

unilateral,  641 
knee,  688,    See  Dislocation  of  tibia 


Dislocations,  special — continued. 
lower  limb,  668 
metacarpus,  665 

metacarpo-phalangeal  joints,  666 

metatarsus,  696 

occipital  bone  from  atlas,  797 

OS  cjilcis,  695 

OS  magnum,  664 

patella,  686 

congeiiital,  687 

inwards,  687 

outwards,  686 

upwards,  688 

vertical,  687 
pelvis,  668 
jiisiforni  bone,  665 
radius,  660 

backwards,  661 

forwards,  660 

incomplete,  661 

outwards,  661 
sacro-iliac  articulation,  668 
scaphoid  bone,  695 
sca))ula,  645 
semilunar  bone,  665 
shoulder-joint,  646.    See  Dislocation 

of  humerus 
spine,  796 

diagnosis  of,  798 

treatment  of,  799 
symphysis  pubis,  668 
tarsal  bones,  695 

tliigh-boiie.  Sec  Dislocation  of  femur 
thumb,  666 

compound,  668 

reduction  of,  667 
tibia,  688 

backwards,  688 

complicated,  689 

compound,  689 

forwards,  688 

lateral,  688 
toes,  696 
ulna,  660 

reduction  of, 
upper  limb,  642 
vertebra;,  797 

cervical,  797, 

dorsal,  798 
wrist,  663 

backwards,  663 

compound,  664 

congenital,  664 

forwards,  664 
Dissecting-porter's  wart,  369 

DlSSKCTIOK-WOUNDS,  367 

causes  of,  367 

symptoms  of,  369 

treatment  of,  371 
Dittel's  clastic  ligature,  1049 
Diuretics  in  inllainmation,  200 
Dixon,  extraction  of  bullets  lodged  in  bladder, 
865 

Dobson,  incisions  in  erysipelas,  919 

Dogs,  mad,  bites  of,  354.  Sec  Hydrophobia, 

symptoms  of  rabies  in,  355 
Donovan's  solution  in  syphilis,  1 109 
Donovan,  absence  of  hydrophobia  in  Africa 
354 
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Dorsal  region  of  cord,  injuries  of,  7S6,  787 
of  spine,  cUects  of  concussion  of,  767 
dislocations  of,  767,  798 
Douglas,  duration  of  life  in  asphyxia,  821 
Dowileswell,  behaviour  of  fixed  cells  in  in- 

Hamed  tissues,  157 
Drainage-tubes,  44,  243,  305 

in  antiseptic  treatment  of  wounds,  305, 

310,  312 
Nenber's  absorbable,  312 
Dressing  of  stumps,  68 

Borland  s  method,  79 
Callender's  method,  68,  79 
of  wounds,  307—314,  539 
Drowning,  treatment  of  asphyxia  from,  821 
Drunkenness,  diagnosis  of  traumatic  coma 

from,  757 
Dry  gangrene,  873 

Ducts,  tumours  from  distension  of,  97 1 
Duodenum,  rupture  of,  850 
ulcer  of,  in  burns,  376 
Dupierre's,  reduction  of  old  dislocation,  633 
Dupuytren,  air  in  veins,  468 
classification  of  burns,  372 
death  from  Ibwling-piece  charged  with 

powder  only,  327 
splinters  in  gun-shot  wounds,  338 
opening  abscess  in  brain,  7 1 1 
splint,  621 

treatment  of  depressed  fracture,  736 
Dura  mater,  wounds  of,  732 
Durham,  statistics  of  fracture  of  the  larynx, 
809 

statistics  of  tracheotomy,  818,  S19 


Eak,   chronic  affections  of,   in  inherited 
sy])liilis,  1 1 29 

bleeding  from,  723 

foreign  bodies  in,  801 

hivmatoma  of,  972 

injuries  of,  801 

serous  discharge  from,  725 
Ear-scoop,  801 

East  wind,  alleged  influence  of,  in  erysipelas, 
13 

Eau-de-luce,  352 

Ecchymosis  {4k,  out  ;  x^l^os,  juice),  294 
Echinococci,  976 
Eckel,  canine  rabies,  354 
Ecraseur  (French  ccrniscr,  to  crush),  galvanic, 
403 

removal  of  tumours  by,  1047 
Ecthyma,  syphilitic,  1108 

in  children,  1 125 
Eczema  converted  into  chancres,  1071 
Effusions  in  inflammation,  154,  756 
Elastic  ligature,  treatment  of  fistula  by,  253 

treatment  of  tumour  by,  1049 
Elbow,  dislocations  of,  658.  Sec  Dislocations 

excision  of,  lor  gun-shot  wounds,  347 

fractures  near,  572 

compound  and  comminuted,  575 

wounds  of,  494 
Elephantiasis  Arabum,  980 
Elliotson,  incubation  of  hydrophobia,  355 
Ellis's  splint  in  fractured  clavicle,  565 
Emanations,  contagious,  12 
Embolic  py;emia,  955 


Embolism,  937 

gangrene  from,  878,  888 
Embryonic  tissue,  tumours  composed  of,  964 
Enunerets,  transfusion  of  blood,  390 
Emphysema  (eV,  into  ;  (pvaaui,  1  l)low)  of 
abdominal  wall,  85 1 

from  wound  of  lung,  832 
treatment  of,  841 
Emphysematous  abscess,  235 
Empyema  (eV,  in ;  wov,  \)Vls),  traumatic, 

'  834 

ExcEl'iiALiTis  {i-yKt<pa\ov,  the  brain  ;  dtti, 
denoting  inllammation),  traumatic, 
702 

acute,  703,  708 

chronic  or  subacute,  704,  708 

pathological  changes  in,  703 

symptoms  of,  703 

treatment  of,  70S 
Encei'1IA],(iid  {iyK€(pa\ov,  the  brain  ;  «l5os, 
shape),  1025 

cells  of,  1026 

diagnosis  of,  1028 

structure  of,  1026 
Encephaloid  sarcoma,  977 
Enchondroma  (eV,  in  ;  x'^''5pos,  cartilage), 
983,  985 

Encysted  tumours,  969.    Sec  Cystic  tumours 
Epidemic  erysipelas,  913 
Epilepsy  in  cerebral  syphilis,  1121 

traumatic,  from  head  injuries,  760 
Epiphyses  of  bones,  separation  of,  50x3,  533 
Epiphysis,  lower,  of  humerus,  se[)aration  of, 
"572 

Epithelial  type,  tumours  of,  ico6 
Ei'iTHEiJOMA   {rp/f.heliuvi,  from   «Vi,  on  ; 
d7j\vs,  papilla),  1028 
causes  of,  1029 
cells  of,  103 1 
columnar,  1009,  1033 

ap[)earance  and  progress  of,  1034 
diagnosis  of,  1035 
prognosis  of,  1035 
structure  of,  1034 
diagnosis  of,  from  other  forms  of  cancer, 

1033 

squamous,  1009,  1028 

causes  and  situation,  1029 
diagnosis,  1033 
mode  of  growth,  1032 
prognosis,  1033 
progress,  1029 

recurrence  after  removal,  1033 
statistics  of  cases,  1029 
Erectile  tumours,  989 

Ergot-]  )oisoning,   gangrene  accompanying, 
875 

Erratic  crysipehxs,  915 
Eruptions,  sy]ihilitic,  1107 

in  children,  1 125 
EliTsirKLAs    {4pvw,  I  draw;   ireKas,  near), 

909 

a  cause  of  death  alter  ojierations,  15 

of  gangrene  after  ligature,  443 
causes  of,  910 
cellular,  914,  924 

diagnosis  of,  925 

prognosis  of,  925 

treatment  of,  925 
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Erysi  PE  I.  A  s — contin  ued. 

cellulo-cutaneous,  914,  919 

diagnosis  of,  from  spreading  gan- 
grene, 921 

prognosis  of,  921 

treatment  of,  922 
characters  of,  909 
constitutional  fever  of,  915 
contagion  of,  910 
cutaneous,  914 

diagnosis  of,  917 

prognosis  of,  917 

treatment  of,  918 
diagnosis  of,  917 
epidemic,  913 
erratic,  915 
external,  914 

special  forms  of,  925 
idiopathic,  917 
internal,  931 
cedematons,  921 
phlegmonous,  919 

diagnosis  from  spreading  gangrene, 
921 

treatment  of,  922 
prevention  of,  918 
simple,  914 
special  forms  of,  925 
statistics  of,  913,  917 
treatment  of,  918 
EiiYsiVELAS  of  fauces,  931 

fingers,  927 

head,  926 

ini'ants,  925 

mucous  surlaces,  931 

orbit,  925 

pudenda,  927 

scrotum,  927 

serous  membranes,  933 

submaxillary  region,  926 
Erysipelatous  laryngitis,  931 

peritonitis,  933 
Esmarch's  bloodless  method,  44,  45,  432 

mode  of  compressing  aorta,  47 
tourniquet,  42,  43 

treatment  of  immobility  of  lower  jaw, 
383 

Ether  as  an  anresthetic,  administration  of, 
27 

compared  with  cliloroform,  29 
death  I'rom  administration  of,  29 
local  anesthesia  by,  34 
eucalyptus-gauze  as  an  antiseptic,  195, 
311 

Exanthemata,   diagnosis  from  erysipelas, 
917 

syphilitic,  mo,  11 12,  11 13 
Excision  {excido,  I  cut  out),  of  cancer, 
1041 

of  elbow,  for  compound  fracture,  575 
of  false  joint,  549 

of  humerus  for  gun-shot  wound,  347 

in  hydrophobia,  360 

of  johits  in  gun-shot  wounds,  344 

of  tumours,  1045 

of  wrist,  for  gun-shot  injury,  348 
Excoriation  {<'.,;,  off;    curium,   the  skin), 

chancrous,  1069 
Excrescences,  syphilitic,  1107 


Exhaustion  a  cause  of  death  after  operation, 

16,  74 
in  burns,  374 
Exostosis,  (fi,  out  ;  o(xt4ov,  a  bone),  986 
Extension  in  dislocation,  631 
in  fracture  of  thigh,  603 
Extensor  muscle  of  thigh,  rupture  of  tendon 
of,  483 

tendons  of  fingers,  division  of,  484 
ExTiiAVASATioN   {exira,  outside  ;   vas,  a 

vessel)  of  blood,  296,  389,  972 
in  abdomen,  853 

eye,  803 

fractures,  523,  532 
from  lacerated  urethra,  867 
in  lung,  831 
in  pleura,  831,  836 

treatment  of,  840 
in  reduction  of  old  dislocations,  634,  656 
in  skull,  753 

cerebi-al,  755 
diagnosis  of,  756 
meningeal,  754 

mechanism  of,  755 
treatment  of,  757 
Extravasation  of  contents  of  intestine,  853, 

855 
of  urine,  863 
Exudation,  purulent,  232 
-cysts,  966 

Eye,  atlections  of,  after  wound  of  trifacial 
nerve,  806 

concussion  of,  805 

contusion  of,  803 

disease  of,  in  spinal  injury,  778 

syphilitic  disease  of,  1114 

wounds  of,  804 
Eyeball,  acute  suppuration  of,  948 

contusions  of,  803 

excision  of,  807 

injuries  of,  803 

wounds  of,  804,  805 
Eyelids,  ecchymosis  of,  in  fractured  skull, 
723 

aversion  of,  803 

foreign  bodies  imder,  802 

strumous  disease  of,  1055 


Face,  erysipelas  of,  926 

fracture  of  bones  of,  551,  552 

gun-shot  wounds  of,  553 

injuri(>s  of,  800 
Facial  carbuncle,  894 

chancre,  1087 

paralysis,  744 
[  Ffeces,  extravasation  of,  853 
False  bursai,  971 
False  joints,  383 

causes  of,  544 

removal  of,  549 

treatment  of,  548 
Farcy,  365 

Fasciculated  sarcoma,  998 
Fatty  degeneration  of  stumps,  73 
tumours,  377 

diagnosis  from  sebaceous  tumours, 
969 

Fauces,  erysipelas  of,  931 
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Fayrer,  treatment  of  osteomyelitis.  958 

treatment  of  snake-bite,  353 
Felileisen,  cultivation  and  inoenlation  of 

micrococci  of  erysipelas,  911,  912 
Femth,  dislocations  of,  669.    ,SVr  Disloca- 
tions 

fractures  of,  588.    See  Fractures 

gun-sliot  injuries  of,  344,  553 
Fergusson,  excision  of  cancer,  1042 

removal  of  false  joint,  550 
Ferment-poisoning,  iSo 
Ferrier,  localization  of  cerebral  functions,  742 
Fevku,  aseptic  traumatic,  2S9 

erysipelatous,  909 

hsemorrliagic,  389 

inflammaiory,  179,  289 
asthenic,  186 

diagnosis  from  pyiemia,  956 

irritative,  187 

sthenic,  185 
nature  of,  179 
septic  traumatic,  290 
symptoms  of,  182 
surgical,  185 
traumatic,  288 

typiioid,  diagnosis  from  pj'ajmia,  956 
Fibrine,  softened,  diagnosis  fronr  pus,  227 
Fibro-cellular  tumours,  979 
F'ibroid  tumour,  979,  981 

recurreiit,  998 

of  uterus,  983 
FiBKOMA,  979 

of  bone,  983 

firm,  981 

of  glands,  983 

of  nerves,  983 

soft,  980 
Fibro-plastic  tumour,  998 
Fibro-sarcomata,  1006 
Fibrous  tumour,  979 
FinuLA,  dislocations  of,  690 

fractures  of,  620 
Fifth  nerve,  disorder  of  vision  from  injury 

of,  806 
Figure-of-8  suture,  304 
FiNcKUs,  amputation  of,  88 

chancre  on,  1068,  1088 

dislocation  of,  668 

division  of  extensor  tendons,  484 

erysipelatous  inflammation  of,  927 

fractures  of,  584 
Fischer's  statistics  of  varicose  aneurism,  452 

of  wounds  of  heart,  845 
Fl.sTi'LA  {Lat.  a  Jtipe),  252 

aerial,  813 

salivary,  8cx) 

treatment  of,  253 
Flap-amputation,  55 

double,  57 

rectangular,  63 

single  long,  62 

Spence'.s,  64 

Teale's,  62,  63,  96,  123 
Flexion  in  arterial  haemorrhage,  404 
Flower,  relative  frequency  of  dislocations, 
650 

statistics  of  fractTires  of  upper  limb,  497 
Ffctus,  syphilis  of,  11 23 
with  113  fractures,  496 


Follicular  cysts,  967 
Fomentations,  204 

Food,  administration  of,   in  cut  throat, 
813 

innutritions,  a  cause  ot  scrofula,  1060 
Foot,  amputation  of,  106 

arteries  of  wounded,  463,  464 

disarticulation  of,  ill,  112 

dislocations  of,  692 

fractures  of,  623 

gangix'ue  of,  877,  8S2 

gun-shot  wounds  of,  344 
Forceps,  bull-dog,  410 

bullet-,  337 

forci-pressnre,  408 

for  removing  small  bodies,  324 

torsion-,  406 
FouKAKM,  amputation  of,  98 
results  of,  82,  105 

arteries  of,  wounded,  460 

dislocation  of  bones  of,  658 

fractures  of,  576,  577 

com])ound,  578 
Forehead,  injuries  of,  800 
FoiiEiGX  Bodies  in  air-passage,  813 

statistics  of  operations  for,  removal 

of,  817 
treatment  of,  817 

in  bladder,  865 

brain  injured  by,  747 

in  chest,  removal  of,  83S,  841 
ears,  801 

gun-sliot  wounds,  336 
incised  wounds,  301 
nostrils,  801 

cesophagus  and  pharynx,  826 
rectum,  868 
skull,  747 

removal  of,  748 
vagina,  868 
under  ej-elids,  802 
FiiACTUiiE,  495 

accidents  in  treatment  of.  521 
amputations  in  simple,  529 
compound,  531 
secondary,  in  compound,  540 
with  ankylosed  joint,  529 
arteries  wounded  in,  526,  533 
badly  set,  treatment  of,  542 
bandages  in,  513 
causes  of,  495,  496 
changed  shape  of  limb  in,  501 
comminuted,  498,  528,  534 
complicated,  499,  525 
complicating  dislocation,  528,  535 
compound,  498,  529 
amputation  in,  531 
secondary,  540 
complications  of,  534 
treatment  of,  535 
union  of,  530 
conditions  of  bones  predisposing  to, 
496 

by  contrecoup,  495 
crejntus  in,  502 
delayed  union  in,  543 
depressed,  736 
diagnosis  of,  503 
direction  of,  499,  502 
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Fkactuiie — continual. 

displacement  in,  501,  511 

direction  of,  502 

prevention  of  return  of,  511 
at  epiphyses,  500,  533 
into  excised  joint,  529 
extravasation  of  blood  in,  523,  532 
false  joints  after,  544 

removal  of,  549 

treatment  of,  548 
fat-embolism,  521 
gangrene  in,  523,  539 
green-stick,  485,  499 
ha-morrhage  in,  533 

hereditary  tendency  to,  498  ' 
hypostatic  pulmonary  congestion  in, 
522 

impacted,  498 

diagnosis  of,  503 
from  indirect  violence,  495 
incomplete,  499 
influence  of  age  and  sex,  496 
into  joints,  528,  532  I 
intra-uterinc,  496 
longitudinal,  500 
mobility  of  bone  in,  502 
multiple,  49S 

from  muscular  action,  495,  SS^j  5^^ 
nature  of,  498 
oblique,  499 
(edema  in,  523 
partial,  499 

percussion  of  ends  of  bone,  548 
plaster  of  Paris  bandage  in,  518 
predisposing  causes  ol',  496 
punctured,  500 
reduction  of,  511 

in  reduction  of  old  dislocations,  634,  656 
re-setting  of,  541 
signs  of,  500 
simple,  498 

treatment  of,  constitutional,  509 
surgical,  510 

tmion  of,  505,  508 
spasm  of  muscles  in,  523 
spiral,  499 
splints  in,  513 
sjiontaneous,  497 
starched  bandage  in,  515 
stellate,  500 
in  stumps,  529 
transverse,  499 
traumatic  aneurism  i}i,  527 

delirium  in,  291,  521 
treatment  of,  509 
with  unreduced  dislocation,  529 
rinunited,  543 

causes  of,  544 

treatment  of,  546 
union  of,  504,  505 
varieties  of,  498 
Fi:act;-iies,  si-ecial,  551 
of  acetabulum,  586 

acromion,  566 
about  ankle-joint,  618 

compound,  622 
of  arm,  567 
astragalus,  623 

comminuted,  624 


CTUHES,  srEc  lAL — co'iiti'iiucd, 
of  calcaneum,  623 
cartilages  of  ribs,  558 
clavicle,  559 

comminuted,  562 
signs  ol',  560 
treatment  of,  582 
coccyx,  587 
Colics',  578 

cause  of  deformity  in,  579 
mechanism  of,  586 
treatment  of,  582 
of  coracoid  process,  566 

coronoid  process  of  lower  jaw,  553 

of  ulna,  577 
costal  cartilages,  558 
at  elbow-joint,  572,  576 

compound  and  comminuted,  575 
of  facial  bones,  551,  552 
femur,  588 

in  attempts  to  reduce  old  disloca- 
tions, 685 
complicating  dislocated  hip,  685 
gun-shot,  344,  553 
lower  end  of,  606 
neck  of,  compound,  599 
extracapsular,  593 
treatment  of,  596 
impacted  extracapsular,  594 

inti'aciipsular,  593 
intracapsular,  588 
cause  of,  588 
signs  of,  589 
union  of,  591 
unimpacted,  594 
diagnosis  between  intra-  and 
extra-capsular  fracture,  598 
shaft  of,  599 

compound  and  comminuted, 
605 

treatment  of,  600 
through  trochanter,  599 
fibula,  lower  end,  620,  691 

shaft,  615 
fingers,  584 
foot,  623 
forearm,  576,  577 

compound,  5  78 
humerus,  567 

in  attempt  to  reduce  old  dis- 
location, 656 
condyles  of,  572 
head  of,  compound,  571 
lower  end  of,  572 
ueck  of,  compound,  570,  571 
extracapsular,  568 
impacted  extracapsular, 
569 

intracapsular,  567 
nerves  injured  in,  573 
shaft  of,  571 
tubercle  of,  570 
iipper  end  ot,  567 
hyoid  bone,  556 
jaw,  lower,  553,  556 
upper,  552 
into  knee-joint,  607 
of  lachrymal  bone,  552 
larynx,  809 
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P'UACTURES,  HVE.ciXh— continued. 
01  leg,  615 

luviuorrhage  in,  617  {sec  533) 

com  plications  of,  617 

treatiaeiit,  525  ct  acq. 
malar  bone,  552 
malleoli,  621 
metacarpus,  584 
metatarsus,  625 
nasal  bones,  55 1 

septum,  552 
olecranon,  576,  577 
OS  calcis,  623 
imtella,  607 

necrosis  of,  614 

treatment  of,  609 

union  in,  608 
pelvis,  584 
Pott's,  618 

of  radius,  578.    Sec  Fractures,  CoUes' 
ribs,  556 — 8 

in  attempts  to  reduce  old  dislo- 
cation, 657 
sacrum,  587 
scaphoid  bone,  624 
scapula,  565 
neck  of,  567 
processes,  566 
near  slioulder-joint,  565 
of  skull,  717,  718.    ,bV:c  Skull 
spine,  790 
sternum,  559 
tarsal  bones,  623 

thigh-bone,    588.    -Sec   Fracture  of 
femur 

tibia,  lower  end,  615,  618 
shaft,  615 
compound,  617 
trochanter  major,  599 
ulna,  })rocesses  of,  577 

shaft,  577 
upper  extremity,  559 
at  wrist,  578 
of  zygoma,  552 
Freezing  mixture,  35 
Fricke,  torsion  of  arteries,  406 
Friction  in  chronic  inflammation,  215 
Frost-bite,  383 

gangrene  from,  384 
treatment  of,  385 
Function  modified  by  inflammation,  178 
Fungating  sores,  1069 
FuMiUs  {Lai.  a  mushroom),  cerebri,  751 
prognosis,  752 
hfematodes  {alua,  blood),  1026 


Gait  affected  by  spinal  concussion,  773 
Galvanic  cautery  in  sinus  or  fistuhi,  253 
Gamgec  on  rupture  of  heart,  846 
GaKUJIKNE  [ya-yypaiva,  from  -ypoM,  I  corrode), 

159.  873 
acute,  873 

amputation  in,  321,  385,  444,  463,  540, 

887 
arrest  of,  882 

from  arrest  of  arterial  supply,  442,  874, 
875 


Gang  1;  icN  k — contin  ued. 

a  cause  of  death  after  operation,  16 

causes  of,  874 

chronic,  873 

constitutional,  873,  875 

contagious,  897 

diagnosis  of,  883 

dr^f  or  mummified,  873 

from  diabetes,  878 

from  embolism,  878,  888 

in  fractures,  523 

from  frost-bite,  384 

from  ergot-poisoning,  875 

liospital,  897,  901,    See  riiaged.'ena 

incisions  in,  885 

from  inflammation.  159,  880 

after  ligature,  442,  876 

causes  of,  442 

character  of,  443,  876 

treatment  of,  443 
line  of  demarcation,  882 

of  separation,  882 
local,  873,  875 
local  signs  of,  873 
moist,  873 

mummification  in,  877 

from  obstructed  circulation,  874 

prognosis  of,  883 

pulpy,  901 

senile,  876 

amiratation  in,  888 
treatment  of,  886 
separation  of  sloughs  in,  882 
spontaneous,  873,  879,  888 

senile,  876,  882 
stimulants  in,  884 
from  stiungulation,  880 
symptoms  of,  874 
from  thrombosis,  878 
from  tight  bandaging,  513,  523 
traumatic,  31S,  319,  875 
spreading,  318,  322,  906 
causes  of,  906 
syraj)toms  of,  906 
treatment  of,  907 
treatment  of,  883 

constitutional,  883 
local,  885 
varieties  of,  873,  874 
from  venous  obstruction,  880 
Gangrenous  inflammation,  173 
phagedicna,  1070,  1088 
stomatitis,  894 
Gases,  noxious,  asphyxia  from,  825 
Gastiostomy,  828 
Gehitinous  cancer,  1027 
Genital  organs, 

scrofulous  aflection  of,  1055 
syphilis  of,  1087 
wounds  of,  866 
Geuito-urinary  organs,  affected   in  spinal 

concussion,  775,  786 
Geogi'aphical  distribution  of  cancer,  1014, 
1020 

Gerdy,  treatment  of  air  in  veins,  469 
Germ-tlieory,  167,  226,  368,  910 

facts  for  and  against,  898 
Giant-celled  sarcoma,  looi 
Gibson,  axillary  aneurism,  456 
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Giraud-Tuulon,  measurement  in  iujuriiis  of 
hip,  597 

Girdlcstone,  kaiigaroo-teudon  ligatures,  424 
Glands,  fibromata  of,  983 

lymphatic.    See  Lymphatic  Glands 
scrofulous  disease  of,  1056 
Glanders,  365 

in  the  horse,  365 
in  man,  366 

diagnosis,  366 
duration,  367 
pathology,  366 
prognosis,  367 
treatment,  367 
Glandular  cancer,  1028 

tumours,  994 
Glazing  of  wounds,  79,  270 
Glioma  (^Ala,  glue),  998 
Glossitis,  chronic  superficial,  nil 
Glottis,  loss  of  sensibility  of,  Sii 

scalds  of,  820 
Gluteal  artery.    See  Artery,  Gluteal 
Glycerine  as  an  antiseptic,  196 
Godlee,  melanotic  sarcoma,  1004 
Gordon,  splint,  584 

on  CoUes's  fracture,  578 
trephining  the  spine,  795 
Gowers,  syphilitic  epilepsy,  1121 

syphilis  a  cause  of   locomotor  ataxy, 
1122 

Gouty  inflammation,  173 
Granulation-sarcoma,  997 

-tissrre,  273 
Granulations,  259,  277 

union  by,  233 
Granuloma,  syphilitic,  1093 
Grape-shot,  injuries  from,  328,  330 
Greene,  statistics  of  entrance  of  air  into 
veins,  466 

Greenish  hereditary  tendency  to  fracture, 
498 

Gross,  statistics  of  foreign  bodies  in  air- 
passages,  816,  817 
Growths.    See  Tumours 

vascular.    Sec  Nievus 
Gueretin,  imunited  fracture,  545 
Guerin,  avulsion  of  arm,  635,  658 

cotton-wool  dressing,  307 
Gullet.    See  Qisophagus  and  Pharynx 
Gummata,  in  inherited  syidiilis,  1 125 
Gunpowder,  injuries  from,  327 
Gurlt,  statistics  of  cancer,  10 12 

excision  of  the  shoulder,  347 

excision  of  the  wrist,  348 

statistics  of  fractures,  497  et  seq. 
Gun-shot  wounds,  326 

amputation  in,  341 
period  of,  348 

apertures  of,  329 

characters  of,  326 

direction  of,  328 

excisions  in,  347 

hajmorrhage  from,  332,  333 
arrest  of,  335 

inflammation  in,  332 

ligature  in,  339 

treatment  of,  338 

of  joints,  344 

pain  in,  331 


Gun-shot  wounds — contiv  ucd. 
removal  of  foreign  bodies,  336 
shock  in,  331 
sym])toms  of,  331 
treatment  of,  334,  338 
of  ankle-joint,  346 

bladder,  864,  865 

chest,  558,  838 

face,  553 

femur,  345 

foot,  329,  344 

hand,  344 

heai-t,  844 

hip-joint,  344 

intestine,  853 

joints,  344 

knee,  345 

leg,  343 
lower  jaw,  556 
lungs,  830 
mouth,  808 
shoulder-joint,  346 
skull,  717 
urethra,  866 
wrist,  348 

Guthrie,  atrophy  of  muscular  v/all  of  ab- 
domen from  blows,  484 
ball  lodged  in  brain,  747 
gun-shot  wounds,  330,  331,  346,  746, 
840 

hernia  cerebri,  752 

treatment  of  arterial  hajmorrhnge,  431, 

433>  453 
varicose  aneurism  of  thigh,  346 


HiEMAKTHROSTS,  486 

Hematoma  (aljaa,  blood),  295,  972,  1005 

of  ear,  972 
Hfemoptysis  in  injuries  of  lung,  839 
Hnjmophthalmia    oT/ua,    Ijlood  ;  ocf)daXfji6s, 

au  eye),  804 
HiEMOERHAGE    (oT^a,    blood  ;    p-{)yvvjj.i,  I 
break  forth),  396 
into  abscesses,  251 

in  amputation,  how  prevented,  53,  66 
arrest  of,  394,  399 

in  incised  wounds,  301 

in  gun-shot  wounds,  335 
arterial,  386,  400,  905 
constitutional  effects  of,  389 
in  fracture  of  base  of  skirll,  723 
in  fracture  of  leg,  617  (see  533) 
in  gangrene,  885 
from  gun-shot  wounds,  332,  333 
in  hospital  gangrene,  902 
from  incised  wounds,  301 
local  signs  of,  388 
meningeal,  trephining  for,  758 
after  operations,  16 
permanent  arrest  of,  natural,  397 

by  operation,  400 
secondary,  in  gun-shot,  333 

after  occlusion  of  arteries,  435 

causes  of,  435 

periods  of  occurrence  of,  438 
phenomena  of,  437 
treatment  of,  438 
from  stumps,  439 
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H-EMOKRHAGE—COH/li 

temporary  arrest  of,  natural,  394 

surgical,  400 
tourniquet  used  in,  401  (see  40) 
transfusion  in,  390 
treatment  of,  390 

by  aeupri'ssure,  425 

cauterization,  402 

cold,  401 

flexion,  404 

hot  water.  401 

lii^ature,  408.    See  Ligature 

pressure,  403 

styptics,  402 

torsion,  405 
venous,  388 

in  wounds  of  lung,  831,  836 

of  throat,  809,  810,  812 
Hemorrhagic  fever,  389 
infarct,  937 
nicer,  267 

Hemothorax  (ar;uo  blood  ;  ddpa^,  the  chest), 
831 

treatment  of,  838 
Hair,  syphilitic  affections  of,  1108 
in  infants,  11 26 
-tumours,  975 
Halford,  treatment  of  snake-bite  353 
Hall,  Marshall,  treatment  of  asphyxia  from 

drowning,  S22 
Hamilton,  amputation  in  gunshot  injuries, 
343 

double  thigh  splint,  604 
fracture  of  coronoid  process  of  ulna, 
577 

statistics  of  dislocation  of  hip,  626 
Hand,  amputations  of,  88 

aneurism  of,  traumatic,  462 

arteries  of,  wounded,  460,  461 

dislocations  of,  663 

fractures  of,  584 

gun-shot  wounds  of.  344 
Hanging,  mode  of  death  from,  826 
Harlev,  classification  of  causes  of  asphyxia, 
'820 

Haviland,  geographical  distribution  of  can- 
cer, 1015 

Head,  effect  of  spinal  concussion  on,  772 
erysipelas  of,  926 
injuries  of,  697 

movements  of,  affected  by  spinal  con- 
cussion, 773 
Head -symptoms  produced  by  chloroform,  26 
Healing  process,  273 

circumstances  affecting,  282 
Health,  state  of,  influence  on  production  of 
erysipelas,  909 
on  repair  of  injuries,  269,  284 
on  result  of  amputation,  73 

of  operations,  5.    See  also  the 
various  Operations 
on  tiaumatic  gangrene,  421 
Healthy  inflammation,  171 
jms,  227 
ulcer,  259 

Hearing,  allcetcd  in  spinal  concussion,  772 
Heakt,  action  of,  dimished  by  haemorrhage, 

395 

effect  of  spmal  concussion  on,  775 


Heart — continued. 

examination  of,  before  operation,  6 

rupture  of,  846 

state  of,  in  py;v>mia,  950 

syphilitic  disease  of,  11 19 

wounds  of,  843,  844 

symptoms  of,  845 
Heat,  effects  of,  372.    See  Burns 

gangrene  from  abstraction  of,  443 
from  ini;autiou,s  use  of,  443 

increase  of,  in  inflammation,  178 

use  of,  in  inflammation,  204 
!  Heath,  0.,  dissection-wounds,  370 

recurrent  alveolar  tumours,  1003 
Heath,  G.  Y.,  forcible  flexion  in  hiiemor- 

rhagc,  405 
Heckster,  foreign  body  in  windi)ipe,  8 1 7 
Hectic,  230  (see  897) 

treatment  of,  25 1 
Heister,  trejihining  the  spine,  795 
Hennen,  bullets  lodged  in  skull,  747 

gun-shot  wounds,  331 
Hereditary  origin  of  cancer,  1012,  1018 

of  scrofula  and  tubercle,  1060 

tendency  to  fracture,  498 
Hernia  cerebri,  75 1 

of  lung,  842 
Herpes  of  penis,  diagnosis  from  chancre, 
I  107 1 

Hewett,  fracture  of  base  of  skull,  725,  726 
Hewson,  mortality  from  shock,  77 
j  Hey's  amputation  of  the  foot,  110 
i  by  triple  incision,  54 

saw,  733,  734 
Hill,  Berkeley,  alveolar  sarcomata,  1003 

syphilitic  alopecia,  1109 

indolent  bubo,  1078 

simple  chancres,  1068 
treatment  of,  1072 

glandular  enlargement  in  syphilis,  1096 

incubation  of  syphilis,  1080,  1085 

inherited  syphilis,  11 24 

fractured  s}iine,  793 

subcutaneous  injection  of  mercury  in 
syphilis,  1104 

Hilton,  method  of  opening  abscesses, 
241 

traumatic  emphysema,  832 
Hir,  amputation  at  134 
results  of,  140 

dislocations  of,  669,  685 

frnctures  near.    See  Fracture  of  femur 

guu-sliot  wound  of,  344 

wound  of,  493 
His,  adenoid  tissue  of,  990 
Hitzig,  localization  of  cerebral  functions, 
742 

Hodgkin,  remote  effects  of  injury,  184 
Hodgkin's  disease,  991 
Holfmann,  wounds  of  thoracic  duct,  846 
Holberton,  concussion  of  the  brain,  699 
Holden,  division  of  arteries  in  amputations, 
121 

Holmes,  wound  of  theca  vertebralis.  799 
Holt,  congenital  dislocation  of  patella,  687 
Holthouse,  congenital  dislocation  of  patella. 
687 

Home,  Sir  E.,  fatal  rattlesnake  bite  in 
England,  351 
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Horns,  969  I 
Hospital  f,'angrene,  897,  901.    Sec  Phage- 
dmiia 
outliroak  of,  903 
1  los[)itali.siii,  85 

Hosjiitals,  hygiene  of,  13,  901,  913  I 

iinpiu'itie.s  in,  170 
Howard,  treatment  of  connninuted  gini-sliot  I 

fracture,  338 
Hnlke,  cerebra,!  aliscess,  711  i 
Hi  MEia  s,  dislocations  of  646.    Sec  Dislo-  j 
cations  1 
excision  of,  for  gun-shot  injury,  347 
fractures  of,  567.    Sec  Fractures 
Hunter,  Johji,  definition  of  a  tumour,  959 
gun-shot  wounds,  340 
ligature  of  arteries,  409 
infection  of  nurse  by  child,  1083 
temperature  in  inflammation,  178 
union  of  wounds,  268 
unity  of  venereal  diseases,  1066 
varieties  of  inflammation,  171 
Hunter,  W. ,  arterio-venous  wounds,  449 
Hunteriau  chancre,  1086.    See  Chancre 
Hutchinson,  C. ,  incisions  in  erysipelas,  922 
Hutchinson,  J.,  infantile  syphilis,  1124 

infection  of  mother  by  syphilitic  fcetus, 
1084 

interstitial  keratitis,  1128 
sj'pliilis  regarded  as  a  specific  fever, 
1080 

S3^plnlitic  teeth,  11 26 
Hydrocephalic  skull,  fracture  of,  720 
Hybhoi'HOBIA  (£i5a)p,  water  ;  (p6^os,  fear), 

absence  of,  in  Africa,  354 
curare  in,  360 
excision  of  bite  in,  360 
pathology  of,  358 
prognosis  of,  358 
symptoms  of,  355 
treatment  of,  359 
Hygiene  of  hospitals,  13,  901,  913 
Hygienic  conditions,  inthience  on  result  of 
operations,  7 — 15 
on  production  of  erysipelas,  909,  913 
of  pyaemia,  898 
of  septic  diseases,  896 
Hyoid  bone,  fracture  of,  556 
Hyperajmia  {v-nep,  over;  aXfxa,  blood) 
active  local,  143,  149 
causes  of,  143 
effects  of,  144 
symptoms  of,  144 
passive,  144 

causes  of,  145 
effects  of,  145 
symptoms  of,  146 
trciatment  of,  146 
Sec  Congestion,  determination,  and 
Inflammation 
Hyperpyrexia,  182 

Hysteria,   diagnosis   of  spinal  concussion 
from,  781 


Ice,  application  of,  in  cancer,  1036 
in  inflammation,  196,  204 
as  an  anaisthctic,  35 


Ichorous  ])us,  224 
Icthyosis  lingua;,  11 11 
Idiojiatliic  gangrene,  873 

inflammation,'  173 
Ilio-femoral  ligament,  670 

triangle,  597 
Ilio-sciatic  dislocation,  672 
Impacted  fracture,  498 

diagnosis  of,  503 
Incised  wounh.s,  299 

antiseptic  dressing  of,  300 
coai)tation  of  opposed  surfaces  of,  302 
decomposition  prevented  in,  163,  191, 
306 

hffimorrhage  in,  301 
inflammation  of,  314 
pain  in,  298 
plasters  in,  304 
removal  of  foreign  bodies,  301 
separation  in,  299 
sutures  in,  302 
symptoms  of,  298 
treatment  of,  299 
Sec  also  Wounds 
Incision  of  abscesses,  240 
Incisions  in  inflammation,  202 

in  operations,  37 
Incomplete  dislocation,  626 

fracture,  499 
Incrustation,  healing  by,  265 
Incubation  of  sy])hilis,  1084 
Indolent  enlargement  of  lymphatic  glands, 
1089 
ulcer,  263 
Indurated  chancre,  1086 
Induration  of  chancre,  1086 
Infantile  syphilis,  1123 
Infants,  erj^sipelas  of,  925 
ovei-laying  of,  825 
syphilis  in,  1 123 
Infection  of  wounds,  169,  896 
Infective  fluids,  bacteria  in,  164,  166.  007, 

.  935  . 

inflammation,  174 
Inflamed  ulcer,  267 
Inflammatiox,  acute,  147.  175 

blood,  changed  in,  176,  180 

blood-vessels  in,  176 

a  cause  of  gangi-ene,  159,  S80 

catarrhal,  219 

causes  of,  1 59 

predisposing,  159 
exciting,  161 

cold  in  treatment  of,  204 

coiistitutional  symptoms  of,  178 

croupous,  175 

curative  treatment  of,  197 

diuretics  in,  200 

fever  in,  179.     Sec  Inflammatory  Fever 
function  disturbed  by,  178 
gangrenous,  173 
gouty,  173 
healthy,  171 

heat  in  treatment  of,  204 
idiopathic,  173 
infective,  174 
interstitial,  175 
irritants,  162 
local  signs  of,  175 
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miuioscopic  changes  in,  14S — 157 
2)ain  in,  177,  189- 
]mivncliyniatoii.s,  17-5 
phenomena  of,  148,  1S9 
phlegnionons,  157 
redne.ss  in,  176 
resolution  of,  157 
rheumatic,  173 
simple  loc:ilizL-d,  173 
spreading,  173 
strumous,  173,  1054 
suppurative,  158,  172 
swelling  in,  176 
symptoms  of,  175 
syphilitic,  173 
temperature  in,  1 78 
terminations  of,  157 
theory  of,  147 
tissue-changes  in,  155 
treatment  of,  187 

constitutional,  198.     Sec  Inflam- 
matory Fever 

local,  201 

preventive,  190 
ulcerative,  158,  172 
unhealthy,  171 
varieties  of,  171 

LVKLAMM.VnON,  fHUONlC,  I75,  2o8 

causes  of,  211 

a  cause  of  ulceration,  15S,  172 

diet  in,  213 

pain  in,  212 

pathology  of,  20S 

l)henoraena  of,  212 

rest  in,  205 

swelling  in,  212 

symptoms  of,  constitutional,  212 
temperature  in,  212 
treatment  of,  constitutional,  213 
local,  215 
Inflammation,  .sunAcrn:,  211 
Inklammatiox,     adhesive,      union  by, 
269 

of  areolar  tissue,  diffuse,  17,  924 
of  brain,  traumatic,  702 
in  bums,  374 

diphtheritic,  after  operation,  17 

erysipelatous,  909 

in  gun-shot  wounds,  332 

of  incised  wounds,  314 

internal  organs,  after  operation,  17 

joints,  traumatic,  488 

lungs    and   bronchi,    from  foreign 
bodies,  814 
strumous,  173.    ^'cc  Scrofula 
syphilitic.    Sec  Syphilis 
of  veins,  386 
Inflammation,  CATAUitHAL,  219 
symptoms  of,  220 
treatment  of,  221 
varieties  of,  220 
Inflammatory  effusions  within  the  skull, 

756 

Inflammatory  fever,  179,  289 
asthenic,  186 

treatment  of,  205 
irritative,  187 

treatment  of,  205 


Inflammatory  fever — continued. 
sthenic,  185 

treatment  of,  198 
traumatic  delirium,  291 
treatment  of,  291 
Inflammatory  lymph,  154 
Inhalers,  eidoroform,  22 
Injection  of  abscesses,  243 

of  sinuses,  253 
Injury,  ami)utation  for,  82 

effects  of,  constitutional,  2S4 

remote  constitutional,  292 
remote  local,  293 
Innocent  tumours,  960 
Inoculability  of  chancre,  107 1,  1076 

of  tubercle,  1061 
Insects,  stings  of,  350 
Instiiumen'Ts,  amputating,  69 

for  removing  bullets,  337 
Intercostal  artery,  woun(ls  of,  455 
Intermediate  secondary  hannorrhage,  43S 
Internal  organs,  inflammation  of  after  opera- 
tion, 17 

states  of  contra-indicating  operation,  6 
Interrupted  suture,  303 
Interstitial  keratitis,  1128 
Intestine,  rupture  of,  850 
state  of,  in  pya?niia,  952 
wounds  of,  853 

treatment  of,  858 
Intracranial   {intra,    within  ;  Kpaviov,  the 
skull)  extravasation  of  blood,  753 
suppuration,  704 

treatment  of,  711 
Intraeystic  growths,  973 
Intiameningeal  {intra,  within ;  /J-Vfty^,  a 

membrane),  suppuration,  705 
Inunction,  mercurial,  1103 
Iodide  of  potassium  in  chronic  inflammation, 
214 

in  syphilis,  1 105 
Iodide  of  ammonium  and  sodium  in  sy2ihilis, 
1 105 

lodo-carbon  paste  in  cliancrous  sores,  1072 
Iodine  in  chronic  inflammation,  218 
in  scrofula,  1063 
as  an  aiitise2)tic,  194 
Iodoform  in  chancre,  1072 

as  an  antiseptic,  195,  249,  312,  313 
Iritis  (Ipts,  the  iris  ;  itib;  denoting  inflam- 
mation), syphilitic,  1114 
Iron,  perchloride  of.    See  Perchloride 
in  scrofula,  1063 
in  syphilis,  11 06 
Iirigation,  mode  of  applying,  197 
Irritable  ulcer,  265 
Irritants,  causing  inflammation,  161 
chemical,  163 
functional,  170 
mechanical,  162 
nervous,  171 
'         organized,  166 
I         physical,  163 
I  Irritation,  cerebral,  701 

treatment  of,  708 
!  Irritative  fever,  187 
I  treatment  of,  205 

I         traumatic  delirium,  290 
I  Issues,  217 
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Ivory  exostosis,  9S6 

pegs  for  false  joint,  548 

Jamain  on  wounds  of  the  heart,  844 
James,  extension  by  weiglits,  603 

screw- collar,  383 
Jameson,  deer-skin  ligatures  used  by,  420 
Jaw,  lower,  dislocations  of,  640 
fractures  of,  553 

treatment  of.  554,  555 
gun-shot  wounds  of,  556 
sul)luxation  of,  641 
upper,  fracture  of,  552 
Jessop,  wound  of  ulnar  nerve,  476 
Jobert's  suture,  861,  862 
Johnson,  pain  in  incised  wounds,  298 
Joints,  amputation  at.    Sec  Amputation 
and  the  various  joints 
contusion  of,  486 
dislocation  of.    See  Dislocation 
excised,  fracture  into  site  of,  529 
false,  383,  544 

treatment  of,  548 
fractures  exteiuling  into,  528 
gun-sliot  wounds  of,  344 
injuries  of,  486 

persistent  pain  or  weakness  in,  487 

scrofulous  disease  of,  1055 

sprains  of,  486 

state  of,  in  pyremia,  952 

suppuration  in,  493 

traumatic  inflammation  of,  488 

■wounds  of,  488 

complicating  compound  fracture, 
532 

simple  fracture,  528 
treatment  of,  491,  492 
Jones" on  arrest  of  hajmorrhage,  394,  395,  425 

collateral  circulation,  430 
Jones,  Wharton,  the  eye  in  spinal  injury,  777 
red  corpuscles  in  infective  inflammation. 
185 

Jordan,  F.,  on  shock,  286,  287 
Jugular  vein,  wounds  of,  454,  810 


KANOAnoo-TENDox  ligatures,  424 
Keratitis  [nipas,  horn  :  the  cornea  ;  ilis,  de- 
noting inflammation),  chronic  inter- 
stitial, 1 1 28 
Kerr,  amputation  at  hip-joint,  134 
Kidneys,  disease  of,  influence  in  erysipelas, 
922 

on  operations,  7 
rupture  of,  849,  850 
of  pelvis  of,  866 
state  of,  in  pyremia,  952 
Kirkland,  arrest  of  hfemorrliage,  394 
Kleus,  microscopic  organisms  iu  syphilis, 
1079 

Knee-joint,  amputation  at,  126 
results  of,  130 
dislocations  of,  688 
extraction  of  needles  from,  324 
fractures  near,  607 
gun-shot  wounds  of,  345 
subluxation  of,  689 
wounds  of,  493 


Knives,  amputating,  69 
Knot,  clove-hitch,  631 

ligature,  410 
Koch,  inoculation  of  infective  fluids,  903, 
936 

microscopic  organisms  in  xmhealthy 
inflaniniation,  9,  11,  226,  916,  936, 
1051,  1053 

Kocher,  reduction  of  subcoracoid  disloca- 
tions, 654 

Kiinig,  compound  fracture  of  olecranon,  57" 

treatment  of  fractured  s])ine,  793 
Kramer,  antiseptic  treatment  of  fractured 

skull  with  wound  of  bi-ain,  734,  763 
Kraske,  antiseptic    treatment  of  gun-shot 

wounds,  339 
Kroulein.  predisposing  causes  of  dislocation, 

626,  658 

Kii.ster,  cancer  of  the  breast,  1041 


Labial  chancres,  10S7 
Lacerated  wounds,  315 
Laceration  of  abdominal  viscera,  847 
of  arteries,  387 
brain,  701,  738 

diagnosis  of,  747 
prognosis  of,  748 
treatment  of,  748 
of  perinaeum,  869 

soft  parts  complicating  fracture,  379 
uietln-a,  867 
veins  386 
Lachrj'mal  bone,  fracture  of,  552 
Landolfi,  treatment  of  cancer,  1039 
Larrey's  ain)nitation  at  shoulder-joint,  103 

at  hi]>-joint,  134 
Laryngitis  {Kdpvy^,  the  larynx  ;  itis,  de- 
noting   inflammation),  erysipelatous, 
931 

Laryngotoiny  {Xapvy^,  the  larynx  ;  Ttfivo),  I 
cut),  for  removal  of  foreign  bodies,  817 
Laryngo-tracheotomy,  8 1 8 
Lakynx,  foreign  body  in,  815,  818 

fracture  of  cartilages  of,  809 

sjqihilitic  disease  of,  1113 

wounds  of,  811 
Lassus,  dislocation  of  occipital  bone  from 

atlas,  797 
Laudable  pus,  224 

Laugier,  waterv  discharge  from  base  of 
skull,  725 

Lawrence,  clas.'-ification  of  erysipelas,  914 
infection  of  nurse  by  syphilitic  child, 
1082 

Lawson,  cancer  of  scrotum  in  chimney- 
sweeps, 1013 

Lead-lotion  in  local  inflammation,  197,  313, 
315 

Lee,  mercurial  fumigation  in  syphilis, 
1 104 

Leeches  in  inflammation,  202 

hemorrhage  from  bites  of,  203 
Lees,    craniotabes    in    syphilitic  infants. 
1128 

Leg,  amputation  of,  121 
results  of,  125 
blood-vessels  of,  wounded,  463 
chancres  on,  1071 
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Leg — ccmtmued. 

fractures  of,  6 1 5 

complieatiou.s  of,  617 

treatment  of,  525  e/l  scq. 
gun-shot  wounds  of,  343 
scrofulous  ulcer  of,  1055 
Legouest,  results  of  hip-joint  amputations, 
140 

Leiter's  tubes,  197 
Lembert's  suture,  861,  862 
Lente,  cases  of  trephining,  762 
Ligamentum  patelhe,  rupture  of,  483 
LiGATuuK  {lirjo,   I  bind),   of  arteries, 
408 

accidents  after,  434 

in  amputations,  66 
application  of,  409 
for  aneurismal  varix,  450 
of  catgut,  420 

carbolized  silk,  423 

deer -skin,  420 

ox-aorta,  1424 

tendon,  424 

Avire,  419 
compared  with  acupressure,  427 

with  torsion,  407 
in  cancer,  1049 

complicated  fracture,  526 

compound  fracture,  533 
cutting  off  ends  of,  419 
effects  of,  415 
elastic,  253,  1049 
gangrene  after,  442,  876 
histoiy  of,  408 
in  gunshot  wounds,  339 
materials  for,  418,  420 
modifications  of,  420 
principles  of  application  of,  409 
re-establishment  of  circulation  after,  433 
secondary  haemorrhage  after,  433 
temporary,  424 

for  trai;matic  aneurism,  446,  447 
for  varicose  aneurism,  450 
LiGATUi'.E  of  axillary  artery  for  traumatic 
aneurism,  456,  458 
for  wound,  455 
of  brachial  artery  for  traumatic  aneurism, 
459 

for  varicose  aneurism,  460 

for  wound  of  palmar  arches,  461 

of  carotid  artery  for  wounds,  453 
for  gun-shot  wound,  553 
secondar}''  haimorrliage  after,  463 
for  traumatic  aneurism,  462 
for  varicose  aneurism,  463 

of  gluteal  artery,  462 

of  external  iliac  for  traumatic  aneurism, 

gangrene  after,  403 
of  internal  jugular,  386 
peroneal  arteries,  464 
I)opliteal  artery,  464 
radial  artery,  460 
temporal  artery,  454 
tibial  arteries,  463,  464 
nlnar  artery,  460 
LiGATlTRE,  elastic,  strangulation  of  tumours 
by,  1049 
in  epithelioma,  1049 
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Limbs,  how  affected  in  spinal  concussion, 

774 
artificial,  70 

Linseed-meal  poultices,  204,  2 1 6 

Lip,  chancres  on,  1087 

epithelioma  of  lower,  1030 
syphilitic  disease  of,  1 1 1 1 
wounds  of,  800 

Lipoma  (Ai'ttos,  fat),  978 

Lipo-sarcoma,  1006 

Liquor  puris,  225 

sanguinis,  effusion  of,  154 

Lisfranc's  operation,  102,  1 10 

Lister,  action  of  air  in  decomposition,  9 
administration  of  chloroform,  22 
amputation  through  condyles,  129 
antiseptic  treatment,  3,  247,  308,  311 
aorta-compressoi-,  48 
asphyxia  from  chloroform,  25 
bloodless  method,  44 
carbolized  catgut  ligature,  421 

silk  ligature,  423 
inflammation  in  tissues,  155 
modification  of  Teale's  amputation,  65 
treatment  of  abscesses,  246,  247 
wiring  fractured  patella,  613 

Liston,  amp\itation  by  the  flap-method,  57 
anaesthetics  first  used  in  England  l)y, 
20 

bull-dog  forceps,  410 

dressing  of  amputation-wounds,  45 

long  splint,  601 

method  of  amputating,  62,  125 

reduction  of  dislocated  hi]),  629 

removal  of  tumours,  981 

spring-backed  bistoury,  38 

treatment  of  injuries  of  throat,  812 

unimited  fracture,  547,  548 
water-dressing  for  wounds,  307 
Lithotomy,  remote  effects  of  operation,  51 
statistics  of,  during  American  War, 
865 

Litten  and  Leube,   retinal  hfiemorrhage, 
948 

Little,   removal  of   foreigir   bodies  from 

stomach,  828 
Liver,  disease  of,  influence  on  result  of 
operation,  7 
rupture  of,  848 
state  of,  in  pyaimia,  951 
syphilitic  disease  of,  1119 
Localized  peritonitis,  854 
Locomotor  ataxy,  spontaneous  fracture  in, 
497 

Longitudinal  fracture,  500 

Longmore,  mortality  in  the  Crimea  from 

wounds  of  the  chest,  837 
Lonsdale,  apparatus  for  fractured  jaw,  555 
Louis  and   Cline,   trephining  the  spine, 

■  795 

Lowndham,  amputation  by  the  flap-method, 
55, 

Liicke,  atheromatous  cysts,  969 
definition  of  a  tumour,  959 
Luke,  amputation  of  thigh,  132 
Lumbar  region  of  spinal  cord,  effect  of  blows 
on,  767 

wounds  of,  786 
vertebra},  strains  ol,  7 89 
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Lung,  collapse  of,  in  chest-wounds,  835 
congestion  of,  from  chloroform,  26 
in  fractures  of  lower  limb,  522 
contusion  of,  829 

disease  of,  influence  on  result  of  opera- 
tion, 7 
foreign  bodies  in,  834 
hernia  of,  842 

inflammation  of.    Sen  rneumonia 
inflation  of,  with  oxygen  gas  in  asphyxia, 
824 

rupture  of,  830 
state  of,  in  pyreniia,  951 
syphilitic  disease  of,  11 19 
W'ounds  of,  830 

from  bullets,  838 
complications  of,  831 
emphysema  from,  832 
treatment  of,  841 
from  fractured  ribs,  557,  835 
ha;morrhage  from,  831,  837 
treatment  of,  839,  840 
mortality  from,  837 
pleuris}'' and  empyema  from,  834,840 

treatment  of,  841 
pneumonia  from,  833 
treatment  of,  840 
pneumothorax  from,  832 

treatment  of,  841 
prognosis  of,  836 
subcutaneous,  835 
symptoms  of,  831 
treatment  of,  839 
Lupus,  syphilitic,  1108 
Lymph,  271 

coagulable,  271 
forms  of,  271 
inflammatory,  154,  172 
vascularization  of,  273 
plastic,  180 
Lymphadenoma  {ly^npha,  Ij'mpli ;  &5riv,  a 

gland),  990 
Lymphadenosis,  991 

Lymphangioma  (bjmplut,  lymph  ;  ayyelov,  a 

vessel),  991 
Lymphatic  abscess,  235 
Lymphatic  glands,  indolent  enlargement 

of,  1089 
strumous  disease  of,  999 
Lymphatic  vessels,  diagnosis  of,  999 
Lymphoid   or  lymphatic  tissue,  tumours 

composed  of,  990 
Lymphoma,  990 


MacCarthy,   dislocation  of  femur  on  to 

dorsum  ilii,  673,  674 
Macartney,  process  of  union  of  wounds,  268 
Mclntyre's  splint,  616 
Maclagan,  recurrent  tumours,  999 
Macleod,  gunshot-wounds,  342,  343 
Macroglossia (juafcptJs,  long;  yXwaara,  tongue), 

990 

Magendie,  treatment  of  air  in  veins,  469 
Magnet,  use  of,  in  needle-wounds,  324 

in  wounds  of  the  eyeball,  804 
Maisonneuve,  application  of  caustics,  1039 
dislocation  of  lower  jaw,  640 
punctured  wounds  of  arteiy,  388 


Malar  bone,  fractures  of,  552 
Malgaigue,  treatment  of  air  in  veins,  468 
dislocations  of  patella,  687 
ligature  of  arteries,  412 
statistics  of  amputation,  82,  84 
Malherbe,  ossification  of  cyst-wall  of  seba- 
ceous tumours,  968 
Malignant  degeneration  in  stumps,  73 
disease,  influence  in  operations,  7 
pustule,  391 

diagnosis,  362 
pathology,  362 
symptoms,  361 
treatment,  364 
tumours,  959,  962.    See  Cancer,  En- 
cephaloid.     Epithelioma,  Scirrhus, 
Sarcoma,  and  Tumours 
Malleoli,  fractures  of,  621 
Malnutrition  a  cause  of  scrofula,  1060 
Mamma,  syphilitic  disease  of,  1119 
Manec,  ligature  of  arteries,  407 

caustic  paste,  1039 
Manipulation  in  dislocations,  632 

of  femur,  671,  676 
Manning,  treatment  of  fractured  patella,  61 1 
Manual  dexterity  in  operation,  4 
Marriage,  question  of,  in  syphilis,  1084 
Marshall,  amputation  at  hip-joint,  233 
magnetizing  impacted  needle,  324 
Martin,  treatment  of  ulcers,  264 
]\laxilla.    Sec  Jaw 

]\leade,  incubation  of  hydrophobia,  355 
Melanosis  (/ie'Aas,  black),  1004 
Melanotic  sarcoma,  1004 
Meldon,  venous  injection,  392 
Meningeal  extravasation,  754 

mechanism  of,  755 
Meningitis  {/j-'fiviyi,  a  membrane  ;  itis,  de- 
noting inflammation),  spinal,  779 
Mental  causes  of  shock,  285 

disturbance  in  cerebral  injury,  701 

in  hydrophobia,  358 
emotion  as  a  predisposing  cause  of 

cancer,  10 13 
power  affected  by  cerebral  injury,  702 
by  spinal  concussion,  771 
Mercier,  treatment  of  air  in  veins,  470 
Mercurial  salivation,  11 01 
Mercury  in  acute  inflammation,  201 
in  chronic  inflammation,  214,  218 
in  syphilis,  1 100 

modes  of  administering,  1 103 
fumigation,  11 04 
inunction,  1103 
by  the  mouth,  1 102 
subcutaneous  injection,  1103 
Metacarpal  bones,  amputation  of,  95 
dislocation  of,  665 
fractures  of,  584 
]\Ietacarpo-phalangeal  joints,  amputation  at, 

dislocation  of,  666 
Metastatic  abscesses,  233,  947 

panophthalmitis,  948 
Metatarsal  bones,  amputation  of  great  too, 
108 

amputation  of  little  toe,  109 
dislocation  of,  696 
fracture  of,  625 
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Metatarso-plialangeal  joints,  amjiutation  at, 
1 06 

Metatarsus,  amputation  of,  1 10 
Alethylene,  bichloride  of,  as  an  anjesthetic, 
34 

Mewis,  syphilitic  frt'tuses,  1123 

Michel,    jNIiddletou,    healing  of  gun-shot 

wounds,  333 
!Microoocei  in  infective  fluids,  167,  226,  368, 

^98,  903,  916 
inoculation  of,  911 
Microscopic  changes  in  inflammation,  148— 

ililiary  tubercles,  1350 
Military  surgeiy,  antiseptic  treatment  in, 
339 

results  of  amputations  in,  80,  84,  85 
at  hiyi-.joint,  140 

shoulder-joint,  105 
of  thigh,  133 
Milk,  diagnosis  from  pus,  227 
Mineral  M-aters  in  chronic  inflammation, 
215 

Mitchell,   Weir,   spontaneous  fracture  in 

locomotor  ataxy,  497 
^loist  gangi-ene,  873 

Moisture  and  warmth  in  acute  inflammation, 
204 

in  chronic  inflammation,  215 
Mollities  ossium,  associated  with  spontaneous 

fracture,  497 
Molluscum  flbrosum,  980 
Monalian,  fracture  of  astragalus,  623 
Monro,  wound  of  the  thoracic  duct,  846 
Morand  on  the  natural  arrest  of  hajmorrhage, 

394 

Morel,  primitive  tourniquet,  41 

Morgagni,  blindness  from  wound  of  the 

upper  eyelid,  806 
Morris,  ti-acture  of  astragalus,  624 
Mortality  after  amputation,  80 
after  operation,  causes  of,  5 
after  trephining,  763 
Mortification  {mors,  death  ;  facio,  I  make), 

873.    See  Gangrene 
Morton,  use  of  ether  as  an  anresthetic,  20 
inequality  in  length  of  limbs,  525 
no7i-mercurial  treatment  of  syphilis, 
1099 

Mosquitoes,  bites  of,  350 

Motor  power,  aff"ected  in  spinal  concussion, 

774,  776 
Mott,  air  in  veins,  468 
Mouat  anil  Wyatt,  excision  of  the  elbow, 
347 

Mouth,  gangrenous  disease  of,  895 

hemorrhage  from,  in  fractured  skull, 

724 
scalds  of,  820 
syphilitic  disease  of,  1 1 10 

in  children,  1125 
wounds  of,  808 
Moxon,  cancer  of  rectum,  loio 
Muco-pus,  224 

Mucous  MEMiiUAXEs,  scrofula  in,  1055 
syphilis  of,  11 10,  1 1 14 

in  cliildren,  1 125 
ulcers  on,  267 
syphilitic  ulcers  of,  11 10 


Mucous  surfiices,  erysipelas  of,  931 
suppuration  of,  220 

cysts  of,  971 

tubercle  of,  993 
SIucus,  diagnosis  from  pus,  227 
JIultilocular  cysts,  973 
Multii)le  fractures,  498 
Mummification,  873 

Mu.scLKs  aflected  in  spinal  concussion,  767, 

773,  775 
injuries  of,  479 
rupture  and  division  of,  48 1 

abdominal,  847 

ana  and  shoulder,  483 

extensor  quadriceps  of  thigh,  483 

rectus  abdominis,  484 

thoracic,  829 
spasm  of,  after  fracture,  523 
sprains  of,  480 

subcutaneous  section  of,  in  old  disloca- 
tions, 635 
syphilitic  disease  of,  1 1 1 8 
luiion  of,  482 
Muscular  action  a  cause  of  dislocation,  627 
of  fracture,  495 

of  displacement  in  fracture,  501,  511 
Muscular  tumour,  988 
Musculo-spiral  nerve,  paralysis  of,  573,  767 
Miitter,  skin-transplantation,  382 
Mycosis,  896 

M3^elitis,  traumatic  {/j.ve\6s,  marrow  ;  if  is, 
denoting  inflammation),  spinal,  780 

Myeloid  (ij.ve\6s,  marrow;  elSos,  form), 
sarcoma,  looi 

IMynors,  principles  of  amputation,  58,  59 

Myomata  {/ivs,  a  muscle),  983 

Myxoma  {fj-v^a,  mucus),  987 

Myxo-chondroma,  988 

Myxo-lipomata,  988 

Myxo-sarcoma,  1006 

Nails,  syphilitic  disease  of,  1109 

in  infants,  1 126 
Nasal  bones,  fracture  of,  551 
Neck,  phlegmonous  erysijjeLis  of,  926 

vessels  of,  wounded,  454 
Neciiosis  {vfKpos,  dead),  873 

in  stumps,  71 

syphilitic,  11 16 

of  patella,  614 
Needles,  punctured  wounds  from,  324 

for  sutures,  304 
Nelaton,  bullet-prol)e,  337 

diagTiostic  line  in  fracture  of  femur,  596 

splint,  584 

statistics  of  trephining,  762 
subastragaloid  amputation,  120 
wound  of  orbit,  802 
Nkhves,  contusion  of,  472 
division  of,  472 
fibromata  of,  983 
injuries  of,  472 

treatment  of,  475 
]iaralysis  from  section  of,  473 
pathology  of,  474 
puncture  of,  473 
repair  of,  473 

rupture  or  laceration  of,  472 
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Neuves — continued. 
strains,  472 
stretchiiij^  of,  479 
sj-pliilitic  iifrcctions  of,  1122 
tumours  on,  9S9 
Nekve  or  Nerv]':s,  axillary,  injury  of,  in 
reduction  of  old  dislocation  of  hu- 
merus, 656 
cerebral,  injuries  of,  751 
circumtlex  of  arm,  paralysis  of,  767 
fifth,  impaired  vision  from  injury  of, 
806 

musculo-spiral,  paralysis  of,  573,  767 
oculo-pupillary,  779 
phrenic,  injury  of,  767,  810 
posterior  interosseous,   implicated  in 

fracture,  573 
spinal  accessory,  injury  of,  767 
ulnar,  paralysis  of,  767 
vagus,  injury  of,  810 
Nervous  power  affected  in  spinal  concussion, 

773  . 

system,  disorder  of,  in  hydrophobia,  357 
influence  of,  on  shock,  285 
syphilitic  disease  of,  1120 
traumatic  delirium,  291 

treatment  of,  291 
-tumour,  989 
Neuber's  absorbable  drainage  tubes,  312 
Neudorfer,  application  of  plaster  of  Paris 
bandage,  519,  540 
digital  pressure  on  arteries  in  inflamma- 
tion, 203 

Neuritis  {vevpov,  a  nerve  ;  itis,  denoting  in- 
flammation), 477 

Clitic,  1 121 

traumatic,  477 

pathologj',  477 

symptoms,  478 

treatment,  478,  479 
Neuhoma  {vevpov,  a  nerve),  989 
Neuro-paralytic  inflammation,  806 
Nitric  acid,  use  of,  in  chancre,  1073 
Nitrous  oxide  as  an  anaesthetic,  32 

death  from  administration  of,  33 

supplemented  by  ether,  34 
Nodes  {nodus,  a  knot),  1 1 1 5 
Noma,  895 

Nonis,  statistics  of  ununited  fracture,  546, 549 
Nose,  bleeding  from,  in  fracture  of  base  of 
skull,  724 
foreign  bodies  in,  801 
scrofulous  affections  of,  1055 
spring  clip  for  straightening,  551 
syphilitic  disease  of,  1 1 1 3 
in  infants,  1 125 
treatment,  11 14 
Nunneley,  classification  of  erysipelas,  914 

cellulitis,  924 
Nurses,  infection  of,  with  syphilis,  1082 
Nussbaum,  antiseptic  treatment  of  wounds, 
904 

stretching  of  nerves,  479 
transplantation  of  bone,  550 
Nutrition  of  tissues  modified  by  inflamma- 
tion, 154 

states  of,  favouring  ulceration,  158 
Nysten,  air  in  veins,  465 


OuRsiTY,  influence  on  result  of  operation,  6 
Oblique  fracture,  499.    Sec  Fracture 
O'Callaghan,  foreign  body  lodged  in  forehead, 

747 

Occipito-f'rontalis  muscle,  suppuration  under 

tendon  of,  715 
Occlusion  method  of  treating  wounds,  306 
Occulo-spinal  axis,  778 
(Edema  {olUu,  I  swell), 

after  fracture,  523 

inflammatory,  of  scrotum,  927 

malignant,  362 
CEdematous  erysipidas,  921 

laryngitis,  931 
CEsophagotomy  {rusopJiagus,  the  gullet;  Tefuvu, 

I  cut),  827 
CEsophagus,  foreign  bodies  in,  826 

wounds  of,  811,  826 
Ogle,  J.,  comminuted  fracture  of  clavicle, 
562 

Olecranon,  fracture  of,  576 

compound  fracture  of,  577 
OUivier,  spinal  meningitis,  779 

and  Sanson,  wounds  of  heart,  844 
Omentum,  protrusion  of,  in  wounds  of  abdo- 
men, 853 

treatment  of,  859 
Onychia  (ow^,  a  nail), 

syphilitic,  11 09 
Open  treatment  of  wounds,  306 
Operations,  i 

anesthetics  in,  19.    (^ce  Anesthesia  and 
Anesthetics 

bloodless  methods,  44 

conditions  influencing  success  of,  5 

constitutional  effects  of,  50 

diet  after,  50 

diphtheritic  inflammation  after,  17 
dressing  of  wound  after,  44 
erysipelatous  inflammation  after,  15 
exliaustiou  after,  16 
gangrene  after,  16 
hemorrhage  after,  16 

during,  prevention  of,  40 
incisions  for,  37 

influence  of  patient's  health  on,  5 

of  hygienic  conditions  on,  7 — 15 
internal  inflammations  after,  1 7 
objects  of,  I 
performance  of,  36 
preparation  for,  18 
remote  effects  of,  51 

in  scrofulous  and  tuberculous  cases, 
1064 

septic  disease  after,  17 
during  shock,  288 
shock  after,  15 
sutures  in,  44 
tetanus  after,  1 7 

treatment,  constitutional,  after,  50 
Operative  surgery,  position  of,  2 
Ophthalmia,  strumous,  1055 
Ophthalmoscope  (d<pea\fj.6s,  an  eye  ;  (TKoireu, 

I  view),  use  of  in  spinal  injury,  777 
Opium  in  gangrene,  886 

in  inflammation,  201 

poisoning  by,   diagnosis  of  traumatic 
coma  from,  757 
Optic  nerve,  atrophy  of,  777 
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Orbit,  ciysipelas  of,  925 

liffiinorrhage  into,  in  fractured  skull, 
723 

injuries  of,  802 
Organic  matter  in  atmosphere,  9,  165 
Organs,  internal,  inHuence  of  state  of,  on 
result  of  operations,  6 

suppuration  in,  230 
Os  CALCis,  dislocation  of,  695 

fracture  of,  623 
Oscillation,  151 

Os  magnum,  dislocation  of,  644 

Ossifying  sarcoma,  1002 

Osteitis  {bartov,  a  bone  ;  itis,  denoting  in- 
flammation), syphilitic,  11 15 

Osteoid  {offriov,  a  bone ;  i'Cbos,  form)  sar- 
coma, 1002 

Osteoma  {oariov,  a  bone ;  omu,  denoting 
tumour),  9S6 

Ostco-myelitis,  septic,  71 

Osteotomy,  subcutaneous,  542 

Otis,  giinshot-wounds  of  the  intestine,  853, 
859 

Otorrhcea,  scrofulous,  1055 

Oval-celled  sarcoma,  1000 

Ovaritis,  syphilitic,  11 19 

Ovary,  cystic  disease  of,  966 

Overcrowding,  effects  of,  on  results  of  opera- 
tions, 12 
a  cause  of  pya;mia,  957 
of  eiysipelas,  913 

Overstimulation,  a  predisjiosing  cause  of  in- 
flammation, 160 

Ox-aorta  ligature,  424 

Oxygen,  use  of,  in  asphyxia,  825 

Ozcena,  strumous,  1055 


Pacchiotti,     syphilis    from  vaccination, 
1082 

Padley,  foreign  bodies  in  trachea,  818 
Paget,  Sir  James,  blood  in  inflammation, 
185 

constitutional  origin  of  cancer,  1009, 
1016 

excision  of  cancer,  1042 
facial  carbuncle,  895 
I'atty  tumours,  978 
fibro-cellular  tumours,  980 
liereditariness  of  cancer,  1012 
recurrent  fibroid  tumours,  962,  999 
results  of  amputations,  79 
secondary  cancerous  growths,  1009 
union  of  divided  tendons,  482 

Pain  in  acute  inflammation,  177,  189 
in  chronic  inflammation,  212 
in  concussion  of  the  spine,  768,  773 
influence  of  race  on,  286 

Palate,  injuries  of,  808 

syphilitic  disease  of,  1 112 

Paletta,  dislocation  of  occipital  bone  from 
atlas,  797 

Pallsel,  reduction  of  dislocated  os  calcis  and 

scaphoid,  695 
Palmar  arches,  wounds  of,  460 
Pancoast's  tourniquet,  48,  69,  137 
Panum  on  transfusion,  392 
Papilloma,  992 

Paquelin's  therrao-cauteiy,  218,  403,  1049 


Paralysis  from  laceration  of  brain,  743, 

745 
facial,  744 

from  injury  of  spinal  cord,  738,  767 

from  fracture  of  spine,  738 

frojii  spinal  concussion,  768 

sypliilitie,  1120 
Parasitic  cysts,  976 

treatment  of,  976 
Parchment  induration,  1086 
Pare,  Ambroise,  examination  of  gunshot- 
wounds,  336 

ligature  of  arteries,  53,  408 
Parenchymatous  inflammation,  175 
Parker,  Langston,  caustic  in  cancer,  1039 

mercurial  fumigation  in  sypliilis,  1104 
Parker,  llushton,  sul)spinous  dislocation  of 
humerus,  648 
submaxillary  cellulitis,  927 
Parkes,  air  of  crowded  buildings,  10,  12 
Paronychia,  927 
Parotid  duct,  wound  of,  800 
Parrot,  bones  in  hereditary  syphilis,  1127 
Pasteur,  inoculation  of  the  Bacillus  anthracis, 
364 

living  organisms  in  the  atmosphere,  9 
Patella,  arterial  supply  of,  611 

dislocation  of,  686 

fracture  of,  607 

necrosis  of,  614 
Pelletan,  axillary  aneurism,  456 
Pellizzari,  inoculation  of  syphilis,  1081 
Pelvis,  dislocation  of,  668 

fracture  of,  584 

injuries  of,  847 
Pelvis  of  kidney,  rupture  of,  866 
Penis,  chancres  on,  107 1,  1087 

wounds  of,  866 
Pepper,  haimorrhage  after  scarlet  fever,  252 
Perchloride  of  iron  as  a  hsemostatic,  402 
Perchloride  of  mercm-y  in  treatment  of  spinal 

concussion,  785 
Percussion  in  unuinted  fracture,  548 
Pericardium,  \\ounds  of,  843,  845 
Perichondroma,  985 
Perinseum,  laceration  of,  869 

ojieration  for  nij)ture  of,  870 
Periosteum,  bruising  of,  4S5 
Periostitis  (jx'rivstc.uni ;  itift,  denoting  in- 
flammation), syphilitic,  11 15 
Peritonitis,  [periloumia  :  itis,  denoting  in- 
flammation), erysipelatous,  933 

traumatic,  854 

ti'eatment  of,  863 
Permanganate  of  jiotash  as  an  antiseptic, 
196 

Peroneal  artery.    Sea  Artery 
Petit,  aiTest  of  arterial  h;emorrhage,  394 
operation  by  double  incision,  54 
screw  tourniipiet,  41 
Petrie,  foreign  body  in  larynx,  818 
PiiAGEDiENA  {(pcvyuv,  to  eat,  dcvour),  gan- 
grenous, 1070,  1088 
sloughing,  901 
causes  of,  902 

constitutional  symptoms  ot,  902 
local  signs  of,  901 
pathological  anatomy  of,  90? 
treatment  of,  904 
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Phagedjonic  chancre,  1070 

treatment  of,  1072,  1073 
I'haryngotoniy  {(papvyf,,  tlie  pharynx  ;  refx.vo), 

I  cut),  827 
Phakyxx,  foreign  hodiesin,  826 

injuries  of,  808,  826 

scakls  of,  820 

syphilitic  disease  of,  11 12 
Phillips,  scrolula  in  early  life,  1061 
Phimosis  with  chancre,  treatment  of,  1074 
Phlegmonous  {(p\(yfxalv<j>,  I  am  heated  or 
inflamed),  abscess,  232 

erysipelas,  898,  919 
of  head,  926 

inflammation,  175 
Photoi)sia,  777 

I'hreuic  nerve,  injury  of,  767,  810 
Physick  and  Levert,  wire  ligatures,  419 
Pirogoff's  amputation  of  foot,  114,  117 

mortality  in,  121 

stump  after,  1 19 
Pisiform  bone,  dislocation  of,  665 
Plantar  arteries,  wounds  of,  464 
Plasters,  304 

Plaster  of  Paris  bandage,  519 

Bavarian  method  of  applying,  520 
Croft's  method  of  applying,  520 
Neudiirfer's  method  of  applying,  519,  540 

Plastic  {TrXd<T(TQ>,  I  form)  exudation,  271 

operations  on  contracted  cicatrices,  381 
on  perinffiuni,  871 

Pleura,  accumulation  of  air  in,  832 

extravasation  of  blood  into,  831,  836, 
840 

Pleurisy  in  wound  of  chest,  834 

Plexiforni  angioma,  989 

Pneumocele  (Trvev/xaiy,  the  lung ;   /ctjA?^,  a 

tumour),  842 
Pneumonia,  congestive,  208 

in  cut  throat,  811 

from  foreign  bodies,  816 

traumatic,  833 
Pneumothorax  (irvev/jLa,  wind  ;   Qdipa^,  the 
chest),  832 

treatment  of,  841 
Pointing  of  abscesses,  232 
Poisoned  wounds,  350 
Poisons,  morbid,  causing  inflammation,  161 
Polypus,  994 

Poore,  traumatic  neuritis,  478 
Porter,  chloroform  and  ether  as  anaastlietics, 
31 

Position  of  part  in  inflammation,  205 
Post-mortem  woi;nds,  367,  368 
Potassa  fusa  in  chronic  abscess,  243 
Pott's  fracture,  618,  619,  691 

badly  set,  523 
Poucliet,  starch-granules  in  dust,  9 
Poultices,  204,  216 

Pregnancy,  influence  on  union  of  fracture, 
545 

Pressiire  in  aneurism.    Sec  Compression 
in  cancer,  1039 
inflammation,  acute,  203 

chronic,  219 
hfemorrhage,  40,  401 
sinuses,  252 
Pressnre-eff'ects  of  abscess,  235 
Primary  adhesion,  269 


Primary  and  secondary  amputations,  83,  84 

Primary  bubo,  1077 

Primary  syphilis,  1080 

Projectiles,  direction  and  force  of,  327 

Proliferous  {proles,  a  progeny  ;  fcro,  I  bear 

cysts,  973 
Provisional  callus,  505,  507 
Psammoma  (\l/diLi.fios,  sand),  1005 
Pseudo-paralysis,  syphilitic,  in  infants,  1127 
Psoriasis,  syphilitic,  1107 

of  tongue,  1 1 1 1 
Pubic  dislocation  of  thigh-bone,  671 

symphysis,  dislocation  of,  668 
Pudenda,  chancre  of,  107 1 

erysipelas  of,  927 
Puerperal  abscess,  233 
Puft'-adder,  bite  of,  351 
Pulpy  gangrene,  901 
Punctured  fracture  of  skull,  72S 
trephining  for,  735 

wounds,  322 

of  arteries,  399 
of  nerves,  473 
Punctures  in  inflammation,  202 
Purgatives  in  acute  inflammation,  200 

in  chronic  inflammation,  214 
Purulent  deposits,  947 

exudation  or  secretion,  232 
Pus-cells,  158,  225,  226 
Pus,  characters  of,  224 

diagnosis  of,  227 

formation  of,  228 

laudable,  225 

microscopic  characters,  225 

See  Suppuration 
Pustule,  malignant,  361 

syphilitic,  1 107 
Putrescent  animal  matter,  wounds  inocu- 
lated with,  367 
Putrefaction,  chemical  products  of,  163,  897 

efi"ects  of,  897 

infective  processes  from,  897 

prevention  of,  191 
Putrid  sore  throat,  93 1 
Pyemia  {irvov,  pus  ;  aTfia,  blood),  S98,  934 

acute,  955 

blood-poisoning  in,  950,  953 
a  cause  of  death  after  after  amputation,  75 
after  operation,  17,  944 
chronic,  955 
in  carbuncle,  894 
causes  of,  939 
complications  of,  948 
diagnosis  of,  956 
from  ague,  956 

rheumatism,  956 
septic  poisoning,  957 
ordinary  surgical  inflammatoiy 
fever,  and  typhoid  fever,  956 
embolism  in,  937 

experimental  investigations  on,  934 

idiopathic,  955 

in  injuries  of  head,  706 

treatment  of,  707,  712 
joints  aff'ected  in,  952 
microscopic  organisms  in  tissues  and 

organs  in,  952 
mixed  forms  of,  and  septicemia,  955 
pathology  of,  953 
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Pyaemia — continued. 

phenomena  of,  944 

post-mortem  apjiearauces  in,  949 

prognosis  of,  956 

pnrulent  deposits  in,  947 

pus-cells  in,  226 

symptoms  of,  944 

temperature  in,  945,  946 

thrombosis  in,  953 

treatment  of,  957,  958 

umbilical,  955 

varieties  of,  954 
Pyreraic  abscess,  947 

Pyogenic   {■nvoi/,  pus  ;  yewdu,  I  produce) 

counter-irritants,  217 
Pyogenic  zone,  223 

Pyrexia  {irvp,  fire  ;  «|(y,  a  holding),  179 

QuABiucEPS  extensor  of  thigh,  rupture  of, 
483 

Quilled  suture,  304 

Quincke,  wound  of  thoracic  duct,  846 


Rabid  animals,  bites  of,  353,  354,  355.  See 

Hydrophobia 
Rabies  in  the  dog,  355 

in  man,  356 
Rixcemose  adeuomata,  995 
Radial  artery.    See  Artery,  radial 
Radius,  dislocation  of,  660 

fractures  of,  578 

nweloid  tumour  of,  1002 
Railway  collisions,  concussion  of  spine  in, 
766,  770 

dislocation  of  cervical  vertebra,  797 
twists  or  wrenches  of  spine  in,  789 

Rattlesnake  bites,  351 

Ravaton,  amputation  by  the  Hap-method, 
56 

Raynaud,  rare  form  of  spontaneous  gangrene, 
879 

Reaction  in  burns,  375 

Reactionary  hremorrhagc,  438 

Rebreaking  bones,  541 

Recamier,  compression  in  cancer,  1040 

Rectangular  Hap,  63 

Rectum,  foreign  bodies  in,  868 

syphilitic  affections  of,  1 1 14 
Rectus  abdominis  muscle,  laceration  of,  484 
Recurrent  fibroid  tumours,  998 

hfcmorrhage,  435 
Redness  in  acute  inflammation,  175 

in  chronic  inflammation,  212 
Reduction  of  dislocation,  628 

of  fracture,  511 

compound  fracture,  535 
Remote  effects  of  injur}"-,  293 

ofmajor  operations,  51 
Rendle,   apparatus  for  administering  bi- 
chloride of  metliylene,  34 
Repair,  process  of,  268 

of  ulcers,  260 

See  also  the  various  tissues  and  organs 
Resection.    See  Excision 
Resolution  of  inflammation,  157 
Respiration,  artificial,  823 

aifected  in  hydrophobia,  357 


Rest,  in  concussion  of  the  spine,  783 

in  inflammation,  205 
Retention-cysts,  966 
Retraction  of  divided  arteries,  395 
Retractors  in  amputation,  65 
Reverdiu's  proi'css  of  skin-grafting,  261 
Reyher,  antiseptic  treatment  of  gunshot- 

wouijds,  339,  345 
Rheumatic  inflammation,  173 
Rheumatism,  diagnosis  from  pyemia,  956 

from  spinal  concussion,  780 
Ribs,  fractures  of,  556 — 8 
Richardson,  method  of  local  anfesthesia,  36 

bellows  for  artificial  respiration,  823 
Rickets,  a  cause  of  fracture,  497 
Ricord,  incubation  of  syphilis,  1085 

infection  of  child  by  wet-nurse,  1082 
of  mother  by  syphilitic  fcetus,  1084 

on  inoculation  of  chancre,  1067 

virulent  bubo,  1076 
Rilliet  and  Barthez,  mortality  in  cancrum 
oris,  895 

Ringer,  temperature-charts  in  pyajmia,  946 
treatment  of  boils,  891 

of  scrofulous  glands,  1063 
Rivalta,  outbreak  of  vaccino-syphilis  at, 
1082 

Rizzoli's  treatment  of  immobility  of  lower 
jaw,  383 

Robert,  watery  discharge  from  skull,  725 
Roberts,  ligature  of  arteries,  425 
Rochoux,  treatment  of  air  in  veins,  469 
Rose,  non-mercurial  treatment  of  syphilis, 
1098 

Roseola,  syphilitic,  11 07 
Rotatory  displacement  in  fracture,  502 
Round- celled  sarcoma,  large,  1003 
small,  997 

Rouse,  closure  of  rujitured  periiu^um,  870 
Roussel,  transfusion  of  blood,  392 
Roux,  air  in  veins,  468 

luxation  of  the  sixth  and  seventh  cervi- 
cal vertebrae,  798 
Riibefacients,  216 
Rupia,  1108 

Rupture  of  abdominal  viscera,  847 
arteries,  387,  657 
bladder,  863 
heart,  846 
intestines,  850 
kidneys,  849 
liver,  848 
lung,  830 

muscles  and  tendons,  481 
posterior  crucial  ligament,  690 
spleen,  849 
stomach,  850 
ureter,  866 


Saccharine  diaretes  an  exciting  cause  of 
inflammation,  i6i 
in  cases  requiring  operation,  7 
from  injury  of  the  brain,  751 

Sacro-iliac  articulation,  dislocation  of,  668 

Sacrum,  fracture  of,  587 

Salicylic  acid  as  an  antiseptic,  194,  311 

Saline  solution  for  transfusion,  392 

Salivary  fistula,  800 
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Salter's  swing  box,  6i6 
Sanderson,  Dr.  I'urJon,  definition  of  inliam- 
mation,  148 
inoculation  of  tuberculous  matter,  1053, 
1061 

microscopic  organisms  in  infective  dis- 
charges, 1 1 

symptoms  of  rabies  in  the  dog,  355 
Sands,  section  of  brachial  plexus,  478,  479 
Sanguineous  cysts,  295,  972 
Sanious  pus,  224 
Sapriemia,  940 
Sarcoma  (cropi,  flesh),  997 

albuminous,  looi 

alveolar,  1003 

encephaloid,  977 

fasciculated,  998 

giaut-celled,  looi 

gi-auulation-,  997 

melanotic,  1004 

mixed,  1006 

myeloid,  looi 

ossifying  and  osteoid,  1002 

oval-celled,  1000 

plexiform,  1003 

round-celled,  large,  1003 
small,  997 

spindle-celled,  998 

varieties  of,  997 
Sarcomatous  blood-cysts,  1005 
Sark,  absence  of  hydrophobia  in,  354 
Sarsaparilla  in  chronic  inflammation,  214 

in  scrofula,  1063 
syphilis,  1106 
Sayre's  treatment  of  fractui'ed  clavicle,  564 
Saw,  amputating,  69 

application  of,  65 

Key's,  733,  734 
Scabbing,  268 

union  by,  276 
Scalds,  372.    <S'cc  Burns 

of  mouth  and  throat,  820 
Scalp,  contusion  of,  712 

diffuse  cellulitis,  715,  716 

extravasation  under,  713 

injuries  of,  712 

wounds  of,  714 

treatment  of,  714 
Scalpels  for  anijiutating,  69 
Scaphoid  bone,  dislocation  of,  695 

fractures  of,  624 
Scapula,  dislocation  of,  645 

fractures  of,  565 
Scar.    Sec  Cicatrix 
Scarifications  in  inflammation,  202 
Scarpa,  treatment  of  wounded  intestine,  859 
Schede,  Max,  statistics  of  amputations,  78, 

104,  105,  106,  121,  125,  130,  141 
Sciatic  nerve,  injury  of,  476 
SciKRHUS  ((T/ci'^^oy,  a  hard  swelling),  1022 

cells  of,  1024,  1025 

characters  of,  1023 

diagnosis  of,  1028 

secondary  deposits  from,  1024 

structure  of,  1024,  1025 
Scriba,  fat-embolisra,  522 
SCKOFULA  {scrofa,  a  sow),  1050,  1054 

in  bones  and  joints,  1055 

causes  of,  1060 


Scrofula — continued. 

hereditary  nature  of,  1 060 

in  tlie  glands,  1056 

in  mucous  membrane,  1055 

operations  in,  1064 

relation  of,  to  tubercle,  1057 

senile,  106 1 

signs  of,  1058 

in  skin,  1054 

treatment  of,  106 1 
Scrofulous  diathesis,  211,  1058 

an  exciting  cause  of  inflammation,  211 

otorrhoja,  1055 

temperament,  1058 
Scrotum,  cancer  of,  1013 

erysipelas  of,  927 

inflammatory  oedema  of,  927 
Sea-air  in  chronic  inflammation,  215 
Seat  of  amputations,  influence  on  mortality, 
80 

Sebaceous  tumours,  969 
Secondary  abscesses,  947 

adhesion,  282 

asphyxia,  825 

amputation,  83,  540 

deposits  of  cancer,  1009.    See  Cancer 

fever,  289 

haimorrhage,  435.    See  Hajmorrhage 

syphilis,  1080,  1089.    Sec  Syphilis 
Secretions,  purulent,  232 

of  wounds,  free  exit  of,  305 
Sedillot,  reduction  of  old  dislocations,  633 
Seguin,  excision  of  cords  of  brachial  plexus, 

.477 

Semilunar  bone,  dislocation  of,  665 
Semi-malignant  tumours,  960,  962 
Senftleben,  changes  in  tissues  in  inflamma- 
tion, 156 

Senile  gangrene,  876.    See  Gangrene 

scrofula,  1061 

teno-synovitis,  930 
Sensation,  aflected  in  spinal  concussion, 
774 

modified  by  inflammation,  177 
Senses,  special,  aflected  in  concussion  of 
spine,  772 

Sensibility,  excessive,  in  hydrophobia,  357 
Separation,  line  of,  in  gangrene,  8S2 
Septic  disease,  ett'ects  of  emanations  of,  12 
a  cause  of  death  after  operations,  1 7,  73 
influence  on  mortality  after  amputa- 
tions, 73 
Septic  infection,  898,  937,  942 
diagnosis,  943 

post-mortem  appearances  in,  943 

prognosis  of,  943 

symptoms  of,  943 

treatment  of,  943 
Septic  broncho-pneumonia,  811 

osteo-myelitis,  71 

traumatic  fever,  290  (see  897) 
Septic  matter,  diseases  arising  from  absorp- 
tion of,  896 
Septic  virus,  symptoms  produced  by,  369 
Se[)ticiumia  [(j-r)nw,  I  purify;   al^ta,  blood), 
934,  940.    Sec  l'y;emia 

diagnosis  of,  942 

post-mortem  appearances  in,  941 

prognosis  of,  942 
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Septicpemia — continued. 

symptoms  of,  940 

treatment  of,  942 
Septum  of  nose,  fracture  of,  552 
Sero-pus,  227 
Serous  cysts,  971 

Serous  membranes,  erysipelas  of,  933 
inflammation  of,  "in  pyaemia,  950 
Serum,  eff"usion  of,  154 

turbid,  diagnosis  from  pus,  227 
Seton  in  chronic  abscess,  243 

in  chronic  inflammation,  217 
false  joint,  548 
sinus,  253 

Seutin's  treatment  of  fracture  by  starched 

bandage,  515 
Sex,  influence  of,  on  dislocations,  627 
fractures,  496 
syphilis,  1095 
Sharpe,  ligature  of  arteries,  408 
Shells,  injuries  from,  331 
Shock,  284 

causes  of,  285 
chloroform  in,  27 
in  gunshot  wounds,  331 
influence  on  mortality  after  amputa- 
tions, 73,  75,  76,  82 
operations,  15 
operation  during,  288 
pathological  appearances,  287 
secondary  phenomena,  285 
symptoms  of,  284 
treatment  of,  287 
Shot,  injuries  by,  326 
Shouldeii-joint,  anijmtation  at,  100,  103 
results  of,  105 
dislocations  of,  646 
fractures  near,  565 
gunshot-wounds  of,  346 
rupture  of  muscles  or  tendons  of,  483 
Sight  aflected  by  indirect  injury,  805 

by  spinal  concussion,  772,  777 
Sigmund,  subcutaneous  injection  of  mer- 
cury in  syphilis,  1104 
Silk,  ligatures  of,  423 

Silvester's  method  of  aitificial  respiration, 

471,  823,  824 
Simon  on  temperature  in  inflammation, 

178 

secondary  growths  of  cancer,  1009 
Simple  chancre,  1069,  1072 

fracture,  498.    See  Fracture 
Simpson,  Sir  James,  acupressure,  425 

coccydynia,  587 

statistics  of  mortality  after  amputations, 
87 

Sinus,  252,  310 

treatment  of,  253 
Sinus-forceps,  244 
Skin,  scrofula  of,  1054 

syphilitic  diseases  of,  1 106 
ill  infants,  1125 
Skin-grafting,  260,  381 

syphilis  transmitted  by,  262 
Skull,  bending  of  bones  of,  717 

bones  of,  in  syphilitic  children,  1128 

contusion  of,  717 
gunshot,  717 

extravasation  in,  753 


Skull — continued. 

foreign  bodies  in,  747 
fractures  of,  717,  718 
of  base  of,  720 
hiemorrhage  in,  723 
signs  of,  722 
treatment  of,  727 
vomiting  of  blood  in,  724 
watery  fluid  discharged  in,  724 — 
726 

by  contrecoup,  718 
complications,  738 
depressed,  727,  736 
diagnosis  of,  728 
■with  injury  of  spine,  738 
symptoms  of,  731 
treatment  of,  733 
varieties  of,  728 
wound  of  dura  mater  in,  732 
fissured,  719 
punctured,  728,  735 

treatment  of,  736 
simple,  719 
residts  of,  738 
inflammatory  effusions  within,  756 
trephining  the.    See  Trephining 
Slough  of  contused  or  lacerated  wound,  3 1 6 
Sloughing  of  cancer,  1023 
chancre,  1069,  1070,  1074 
phageda^na,  901.    See  Pliagedsena 
ulcer,  266 
Slugs,  injuries  from,  328 
Smethurst,  dm-ation  of  life   in  asphyxia, 
821 

Smith,  Nathan,  reduction  by  manipulation 

advocated  by,  672 
Smith,  N.  R.,  suspension  of   limb  from 

splint  by  slings,  603 
Smith,  R.  W.,  congenital  dislocations  of 
shoulder-joint,  656 
dislocation  of  condyle  of  lower  jaw,  642 
dislocation  of  clavicle,  643 
fractured  clavicle,  561 
intracapsular  fracture  of  neck  of  hu- 
merus, 568 
fracture  of  lower  end  of  radius,  58 1, 
582 

fracture  of  neck  of  thigh-bone,  589,  594 

reduction  of  old  dislocations,  633 
Smith,  S.,  amputation  at  the  knee,  128 
Smith,  T.,  facial  carbuncle,  894 
Snake- BIT i:s,  351 

ett'ects  of,  351 

symptoms  of,  352 

treatment  of,  352 
Snare  for  extraction  of  arrow-heads,  325 
Socin,  statistics  of  amputations,  78,  106, 
121,  126 

Soden,  partial  dislocation  of  shoulder,  649 
Soft  cancer,  1008 

chancre,  1069 
Softening  of  spinal  cord,  768 
Solly,  creephig  bubo,  1077 
South,  fracture  of  coccyx,  587 

separation  of  bones  of  the  face,  552 
Spasm  of  muscles  after  fracture,  523 
Spence,  amputation  at  shoulder,  104 

fracture  of  neck  of  sca2)ula,  567 

modification  of  Teale's  amputation,  64 
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Statistics  of  amputations,  79 
Sphacelation  {<TipdKf\os,  gangrene),  658 
SriNAL  Cord,  concussion  of,  765 
from  direct  violence,  766 
causes  of  death  in,  768 
parah'sis  from,  767 
recovery  from,  769 
softening  of  cord  in,  768 
spine  injured  in,  769 
symptoms  of,  primary,  766 
secondary,  768 
from  indirect  violence,  770 
diagnosis  of,  780 
meningitis  from,  779 
myelitis  from,  780 
progress  of  symptoms  in,  776 
secondary  eflects  of,  771,  784 
softening  in,  780 
injuries  of  the  vertebral  column, 
769 

in  railway  collisions,  766,  770 

prognosis  of,  781 

treatment  of,  783 
compression  of,  765 
effect  of  slight  blows  on,  769 
hiemorrhage  into,  768 
impaired  vision  from  injuiy  of,  776 
inflammation  of,  765 
laceration  of  membranes  of,  768 
paralysis  from  injury  of,  786 — 788 
partial  division  of,  788 
softening  of,  768 
syphilitic  disease  of,  1121 

symptoms  and  treatment  of,  11 22 
wounds  of,  785 
Spindle-celled  sarcoma,  998 
SriNE,  concussion  of,  764 

dislocations  of,  796,  797,  798 
fractures  of,  790 

apparatus  for,  794 

prognosis  of,  792 

signs  and  symptoms  of,  790,  791 

treatment  of,  793 
injuries  of,  764 

complicating  concussion  of  cord, 
769 

complicating  fracture  of  skull,  738 

trephining  the,  795 

twists,  sprains,  or  wi-enches  of,  788 
Spiral  fracture,  499 
Spleen,  laceration  of,  849 

state  of,  in  ])ya}mia,  951 

syphilitic  disease  of,  11 19 
Splinters  of  bone  in  gun-shot  wounds,  338  I 

projected,  injury  by,  328 
Splints,  513 

Bavarian  plaster,  520,  615 

Carr's,  584 

Cline's,  615 

Dupuytren's,  621 

Ellis's,  565 

Gordon's,  584 

Hamilton's  double  thigh,  604 
Liston's,  601 
Manning's,  611 
Mclntyre's,  616 
Nelaton's,  584 
pistol,  582,  583 
rack  and  pinion,  620 


Splints — continued. 

Syme's,  621 

Thomas's  hii),  592 

knee,  604,  613 
Spongy  exostoses,  987 
Spontaneous  dislocation,  626,  637 

fracture,  427 

gangrene,  873 
Spkains  of  joints,  486 

of  muscles  or  tendons,  484 
spine,  788 
Spreading  gangrene,  906 
Scpxamous  epithelioma,  1029 

syphilide,  1 107 
Stabs,  treatment  of,  323 
Stagnation  of  blood,  143 
Stanley,  paralytic  dislocations,  638 

rujiture  of  ureter,  866 
Starched  bandage  in  liactures,  5 1 5 

application  to  fractured  leg,  615 
thigh,  604 
Stasis,  150 
Stellate  fracture,  500 
Sternum,  fractures  of,  559 
Sthenic    {a-etvos,   strength),  inflammatory 
fever,  185 

treatment  of,  198 
Stimulants  in  low  inflammations,  214 
Stings  of  insects,  350 

Stomach,  irritability  of,  after  chloroform,  26 

rupture  of,  850 
Stomatitis  (o-rJ^a,  a  mouth  :  itis,  denoting 
inflammation),  gangrenous,  894 

syphilitic  in  children,  1126 
Strains.    Sec  Sprains 
Strangulation,  147,  297 

gangrene  from,  880 
Streatfeild,  eversion  of  eyelid,  803 

excision  of  eyeball,  808 
Streubel,  statistics  of  dislocation  of  patella, 

687 

Stroma  of  cancer,  1022 
Struma.  See  Scrofula 
Strumous  disease  of  stumps,  73 

dactylitis,  1056 

inflammation,  173 

ophthalmia,  1055 

ozrena,  1055 
Strumous  diseases,  statistics  of,  1057 
Stumps,  aneurism  of,  72 

conical  or  sugar-loaf,  71 

dressing  of,  68 

fatty  degeneration  of,  73 

fracture  of,  529 

malignant  degeneration  of,  73 

morbid  conditions  of,  71 

necrosis  of,  71 

painful  and  spasmodic,  72 

secondary  htemorrhage  from,  439 

sloughing  of,  73 

structure  of,  70 

strumous  degeneration  of,  73 
Styptic  {aTU(l)w,  1  contract)  colloid,  305 
Styptics,  in  hicmorrhage,  402 
Subacute  inflammation,  211 
Subaponeurotic  cephalhajmatoma,  713 
Subastragaloid  amputation,  120 
Subclavian  artery.    Scr  Artery 

vein,  wound  of,  455 
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Subclavicular  dislocation  of  shoulder,  647 
Subcoracoid  dislocation  of  shoulder,  647 
Subcranial  suppuration,  704 
Subcutaneous    injection    of   mercury  in 
syphilis,  1103 
osteotomy,  542 
section  in  dislocations,  635 
wounds,  297 
Subglenoid  dislocatioji  of  shoulder,  648 
Subluxation  {sub,  under  ;  liuco,  I  dislocate), 
of  lower  jaw,  641 
of  knee,  689 
Submaxillary  region,  diffuse  cellulitis  of, 
702 

erysipelas  of,  926 
Subpectoral  abscess,  829 
Subpericranial  cephalhiematoma,  713 
Subspinous  dislocation  of  hip,  684 

of  shoulder,  648 
Sugar-loaf  stumps,  71 

Sulcus  of  Rolando,  guides  for  finding  the 

line  of,  750,  751 
Sulphide  of  calcium  in  scrofula,  1063 

in  chronic  inflammation,  214 

in  syphilis,  1 106 
Sulphide  of  potassium  in  chronic  inflamma- 
tion, 214 

in  S5'philis,  1 106 
Sulphuric  acid  in  cancer,  1039 
Sulphurous  acid  as  an  antiseptic,  194 
Suppurants,  217 

Suppuration'  {su2J2mro,  I  turn  into  pus), 
222.    See  Abscess  and  Pus 
in  chronic  inflammations,  212 
circumstances  influencing,  227 
duration  of,  229 

relation  of,  to  tissue-changes,  227 
symptoms  of,  229 
treatment  of,  239 
SupruKATiON  in  burns,  372 
cerebral,  705 
intracranial,  748,  749 
treatment  of,  709 
intrameningeal,  705 
in  joints,  493,  494 
subcranial,  704 

under  pericranial  aponeurosis,  715 
Suppurative  inflammation,  158,  172 
Supraspinous  dislocation  of  hi}),  671,  684 
Surgeon,  duty  of,  in  regard  to  operations, 
i8 

Surgery,  operative,  present  jiosition  of,  2 

scientific,  condition  of,  2 
Surgical  fever,  185 

diagnosis  from  pyajmia,  956 

hygiene,  14 

operations,  objects  of,  i.    See  Opera- 
tions 
SuTUKEs,  44,  302 
button-,  303 
in  amputation,  67 
continuous,  304 
figure-of-8,  304 
interrupted,  303 
Jobert's,  861 
Lembert's,  860 
materials  for,  302 
quilled,  304,  870 
in  wounded  intestine,  860 


I  Swelling  in  acute  inflammation,  176 
j         in  chronic  intlamniation,  212 
j  Swing- box,  Salter's,  616 
I  Syrac's  amputation  of  foot,  114,  117 
I         modifications  of,  117 

treatment  of  chronic  ulcers,  264 

fractured  clavicle,  563 
appearances  in  dislocation  of  hip-joint, 
673 

I  Symphysis  pubis,  dislocation  of,  668 
I  Symptomatic  fever,  1 79 
I  Syncope  from  chloroform,  25 
Syphilides,  1094,  1106,  H09 
treatment  of,  1 109 
i  Syphilis  {dym.  uncertain),  1079 
;         communicated  by  inoculation  on  fingers, 
I  1088 

■  by  skin-grafting,  262 

by  vaccination,  1082 
constitutional  manifestations  of,  1089 
contagious  character  of,  1081 
direct  inoculation,  1081 
transmission  from  parent  to  off- 
spring, 1083 

duration  of  transmissive  power 
in  the  parents,  1084 
duration  of,  1097 
fungoid,  origin  of,  1079 
incubation  of,  1079,  1084 
indolent  bubo  in,  1078,  1079 
indurated  or  Huuteiian  chancre  in, 
■  1086.    See  Chancre 
infantile,  11 23 

communication  of,  11 23 
symptoms  of,  1 1 24 
treatment  of,  1129,  11 30 
infection  of  child  by  wet-nurse,  1082 

wet-nurse  by  child,  1082 
latent,  1080 

Diiirriage  of  persons  affected  with,  1084 
origin  of,  1080 
primary,  1080 
prognosis  of,  1088,  1095 
progress  of  acquired,  1084,  1089 
period  of  incubation,  1084 
primary  sore  or  initial  manifestation  of, 
1085 

I         secondary,  1080,  1089 

circumstances  infiuencing  ])rogi'ess 

of,  1095 
local  manifestations  of,  1 106 
mercury  in,  1 100 
treatment  of,  1097 
tertiary,  1080,  1089 
transmissibility  of,  1083 
treatment  of,  1097 
mercurial,  11 00 
non-mercurial,  1098 
visceral,  1119 
Syphilitic  alopecia,  1108 
boils,  1 106 
caries,  11 16,  1117 
condylomata,  mo 
disease  of  bones,  11 15,  11 17 
treatment  of,  1118 
of  brain,  1120 

in  children,  11 29 
hair  and  nails,  no8,  1109 
heaa-t  and  arteries,  11 19 
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SypHiLiTic — continued. 
disease  of  joints,  1118 

larynx,  11 10,  11 13 
in  intants,  1 125 

lips,  nil 

liver,  1 1 19 

lungs,  1 1 19 

niannna,  11 19 

mouth,  1 1 10 

in  infants,  1125 

mucous  membranes,  mo,  11 14 
in  infants,  1 125 

muscles  and  tendons,  11 18 

nervous  system,  H20 
treatment,  1122 

nose,  1 1 13 

in  infants,  1 125 

pharynx,  mo 

rectum,  1114 

skin,  1 106 

in  infants,  1125 
treatment  of,  1109 

spinal  cord,  1 121 

spleen,  11 19 

testis,  1118 

throat,  1112 

tongue,  I  III,  1112 

viscera,  1119 
ecthyma,  1108 

in  children,  1125 
epilepsy,  1121 
excrescences,  1107 
granuloma,  1093 
gummata,  1093,  ^o^,  1116 
iritis.  III 4 

treatment  of,  1115 
keratitis,  1128 
lichen,  1107 
lupus,  1 108 
mucous  tubercle,  mo 
necrosis,  1116 
nodes,  11 15 
onychia,  1109 
osteitis,  1115 
ovaritis,  1119 
jiaralysis,  1120 
periostitis,  1115 
pseudo-paralysis,  I127 
I)Soriasis,  1107 
pustules,  1 107 
roseola,  1107 
nipia,  1 108 
sclerosis,  1116 
S(|uama%  1 107 
stomatitis,  11 26 
teeth,  II 26 
tubercles,  11 08 
Tilcers,  1 108,  1 109,  1117 
vesicles,  1107 
Sy]:)hilo-dermata  {Syphilis  ;  ^fpfia,  the  skin), 
1 106 

treatment  of,  1 109 
Syphiloma,  1093 

of  spinal  cord,  781 


Tanchotj,  compression  in  cancer,  1040 
Tfcnia  echinococcus,  976 
Tanjore  pill,  253 


Tapping  abscesses,  242 
Tarantula,  bite  of,  350 
Tarsus,  am])Utation  thiough,  112 

dislocations  of,  695 

fractures  of,  625 
Teale's  amputation  by  rectangular  flap,  62, 
64,  96,  123 

restoration  of  lower  lip,  382 

treatment  of  lacerated  urethra,  868 
Teeth,  syphilitic  affection  of,  11 26 

artilicial,  in  stomach,  extraction  of,  828 
Tecvan,  experiments  in  fracture  of  skull, 
729 

Telangiectasis  (reAoj,  end  or  termination  ; 
ayyuov,  a  vessel ;  iKre'ivu,  I  stretch 
out),  989 
Temperament,  scrofulous,  1058 
Temperature  in  acute  inflammation,  178 
in  chronic  inflammation,  212 
high,  a  contra-indication  to  operation,  6 
in  pyjemia,  945,  946 

spinal  conci;ssion,  767,  775 
wounds  of  spinal  cord,  785 
Temporal  artery,  traumatic  aneurism  of, 
454 

Tendo  Achillis,  treatment  of  rupture  of,  483 
Tendon-ligatures,  424 
Texdons,  contusions  of,  479 

dislocations  of,  4S0 

division  of,  481,  484,  512 

injuries  of,  479 

rui)ture  of,  480,  481 

sprains  of,  480 

syphilitic  disease  of,  1118 

union  of,  482 

of  upper  limb,  injuries  of,  483 
Tertiary  syphilis,  1080,  1089 
Testis,  self-removal  of,  866 

syphilitic  disease  of,  1118 
in  infants,  1 129 
Tetanus  {re'ww,  I  stretch), 

a  cause  of  death  in  operations,  17 
Theca  vertebralis,  wound  of,  799 
Theodoric,  spongia  somnifera  recommended 

Tliermo-cautery  in  fistula  or  sinus,  253 
Thiersch,  origin  of  cancer,  1008 

salicj'lic  acid  as  an  antiseptic,  194 
Thigh,  amputation  of,  130 
results  of,  133 

arteries  of.    Sec  Artery,  femoral 

gun-shot  wounds  of,  342,  343 
Thigh-bone.    Sec  Femur 
Thomas,  fractured  patella,  612 

comminuted  fractures  of  elbow-joint, 
575  . 

percussion  in  ununited  fracture,  548 
treatment  of  compound  fracture  of  lower 
jaw,  555 

Thoracic  duct,  wound  of  the,  846 
muscles,  rupture  of,  829 

Thorax.    Sec  Chest 

Thornton,  results  of  excision  of  the  shoulder 

and  elbow,  347 
Tliroat,  syphilitic  disease  of,  11 12 

wounds  of,  809 
Thrombosis  {epSfxfios,  a  clot  of  blood),  151, 
953 

gangrene  from,  878 
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Thrombus  {ep6fxfios,  a  clot  of  blood),  organi- 
zation of  the,  398,  399 
TnuMi!,  amjmtation  of,  93 

dislocations  of,  666 
Tliyniol  as  an  antiseptic,  196 
Thyroid,  dislocations  of  femur,  671,  680 
Thyro-chondrotoniy,  818 
TnuA,  dislocation  of,  688 
fractures  of,  615 
compound,  617 
Tibial  artery.    See  Artery,  tibial 
Tissues,    changes   in   inflammation,  154, 
176 

injuries  affecting  the,  284 
microscopic  examination  of  inflamed, 
157 

tjqncal  characters  of,  963 
Tobacco-pipe  snake,  bite  of,  351 
ToKs,  amputations  of,  106 

dislocations  of,  696 

syphilitic  ulceration  between,  1 109 
TojiGUK,  chancres  on,  1088 

psoriasis  of,  1 1 1 1 

syphilitic  disease  of,  1 1 1 1 

wounds  of,  S08 
Tonsils,  affected  in  scrofula,  1056 
Torsion  of  arteries,  405,  406 

compared  with  ligature,  407 

-forceps,  406 
Touch,  impairment  of,  in  spinal  concussion, 
772 

Toxu'niquet  in  umpiitation,  41 

Esmarch's,  42 

in  haemorrhage,  401 

Pancoast's,  69 
Ti'.ACHEA,  foreign  bodies  in,  813,  818 

pressure    on,  by  dislocated  clavicle, 
643 

stricture  of,  813 
wounds  of,  811 
Tracheotomy  (rpaxeia,  the  tracliea  ;  Tffj.vu, 

I  cut),  for  foreign  bodies,  817 
Transfusion  of  blood,  390 
Transplantation  of  cuticle,  260,  381 

of  bone,  550 
Transverse  fractures,  499 
TiiAUMATic  (rpavfia,  a  wouud)  aneurism,  445, 
453.    Sec  Aneurism  and  Arteries 
arachnitis,  704 
arthritis,  488 

pathology  of,  488 
symptoms  of,  490 
treatment  of,  491 
delirium,  290 

emphysema  of  abdomen,  851 

of  chest,  832 
empyema,  S34 
encephalitis,  702 

treatment  of,  708 
epilepsy,  760 
fever,  288 

gangrene,  321,  873.    See  Gangixne 
inflammation,  1 73 
neuritis,  477 
peritonitis,  854 

treatment,  863 
pleurisy,  834 
pneumonia,  833 
pueiuuotliorax,  832 


Travers,  dislocation  of  hip  in  children,  626 
effect  of  sewing  woundetl  intestine,  860 
ligature  of  arteries,  425 
reduction  of  old  dislocation,  633 
Trewunino  the  skull,  749,  760 

for  extravasated  blood,  757 
in  fracture,  735 
for  pus  in  skull,  710 
results  of,  762 

statistics  of  operation  in  American 
war,  762 
the  spine,  795 
Treves,  statistics  of  scrofulous  cases,  1057, 
1059 

Trochanter,  great,  fracture  of,  599 
Trochanters,  amputation  through,  133 

mortality  after  amputation,  133,  134 
TuBKUCLE,  1050 

anatomical  seat  of,  1051 

causes  of,  1060 

extension  and  growth  of,  1052 
hereditary  nature  of,  1060 
inoculability  of,  1061 
nature  of,  1053 
relation  of  scrofula  to,  1057 
structm-e  of,  1050 
treatment  of,  1061 

TUBEHCLE,  mucous,  993 

painful  subcutaneous,  899,  983 

sy[)hilitic,  11 10 

of  mucous  membranes,  1 1 1 1 
Tubercular  syphilide,  1094 
Tuberculosis,  signs  of  general,  1060 
Tuliular  adenomata,  994 
Tulpius,  foreign  body  in  air-passage,  817 
Tumours,  959 

adipose,  977 

aitiology  of,  965 

areolar,  979 

atheromatous,  967 

benign,  960 

bony,  986 

cancerous.    Sec  Cancer 
cartilaginous,  983 
classification  of,  959,  963 
colloid.    See  Cancer  and  Colloid 
cystic,  967 
definitions  of,  959 
desmoid,  979,  981 
diagnosis  from  abscess,  237 
enchondromatous.    Sec  Enchondroma 
encysted,  969.    See  Cystic  Tumours 

diagnosis  from  abscess,  969 
epitheliomatous.    See  Epithelioma 
excision  of,  1045 
fatty,  977.    See  Fatty  Tumotu-s 

diagnosis,  979 
fibro-cellular,  979 
fibroid,  979,  981 

recurrent,  998 

of  uterus,  983 
fibro-plastic,  998 
fibrous,  979 
glandular,  994 
innocent,  960,  962 
lymphatic,  990 

malignant,  959,  962.    See  Cancer  and 
Epithelioma 
general  signs  of,  960 
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Tumours— co?i<r;iM«Z. 

melanotic.    See  Melanosis 

mucous,  987 

muscular,  988 

myeloi'l,  looi 

nervous,  989 

non-malignant,  959 

removal  of,  by  the  knife,  1045 
by  the  cautery,  1049 
the  dcraseur,  1047 
ligature,  1049 

sarcomatous.    Sec  Sarcoma 

scirrhous.    Sec  Cancer  and  Scirrhns 

sebaceous.    Sec  Sebaceous  Tumours 

semi-malignant,  960,  962 

vascular,  989 

villous,  994 
Turpentine  as  an  antiseptic,  196 
Twisted  suture,  304 
Twists  of  spine,  788 

Tympanitic  (rvfiiravov,  a  drum),  abscess, 
235 

Tyndall,  atmospheric  dust,  9,  830 

causes  of  putrefaction,  1 65 
Typhoid  fever,  diagnosis  from  jiyaimia,  956 


Ulcek,  callous,  263 
cancerous,  254 
cicatrization  of,  259 
eczematous,  266 
granulation  of,  259 
healthy  granulating,  259 

treatment  of,  259 
htemoiThagic,  267 
indolent,  263 
inflamed,  265 
irritable,  265 

local  contagious,  1066.    See  Chancre 

malignant,  254 

on  mucous  membranes,  267 

purulent,  259 

repair  of,  260 

scrofulous,  1055 

situations  of,  258 

sloughing,  266 

syphilitic,  1108 

of  mucous  membranes,  1 1 10 
transplantation  of  cuticle,  260 
varicose,  266 
varieties  of,  259 
weak,  262 
Utx'eratiox,  1 58,  254 
arrest  of,  259 
causes  of,  256 
definition  of,  256 
pathology  of,  255 
repair  after,  260 

a  result  of  inflammation,  158,  172 
spreading  of,  257 
treatment  of,  local,  258 

constitutional,  259 
of  arteries,  liaiinorrhage  from,  251 

bone,  syphilitic,  1 1 15 

cancer,  loii 
of  duodenum,  after  burns,  376 
syi)hilitic,  1091 
Ulcerative  inflammation,  172 


TJlk.v,  dislocations  of,  660 

fractures  of,  577 
Ulnar  artery.    Sec  Artery,  ulnar 
Ub-ick,  air  in  veins,  468 
Union  hy  adhesive  iuflanimation,  269 

by  fii'st  intention,  269 

of  fractured  bone,  505 
delayed,  543 

by  granulation,  277 

immediate,  268 

of  incised  wounds,  268 

of  nerves,  473 

by  scabbing,  276 

by  second  intention,  277 

secondary  adhesion,  282 

of  tendons,  482 
Ununited  fracture,  543 

causes  of,  544 

treatment  of,  546 
Ureter,  rupture  of,  866 
Urethra,  chancre  of,  1087 

laceration  of,  867 

ti'eatment  of,  868 

M  ounds  of,  866 
Urine,  extravasation  of,  863 
Urinary  organs,  foreign  bodies  in,  865 
Uterus,  cancer  of,  1029 

fibroid  tumour  of,  983 


Vacca,  ligature  of  arteries,  425 
Vaccination,    syphilis    communicated  by, 
1082 

Vagina,  foreign  bodies  in,  868 
Valentin,  ecchymosis  of  the  loins,  832 
A^alette,  treatment  of  cutaneous  erysipelas, 
919 

Valleix,   subpericranial  cephalliffimatoma, 
7.H  .  . 

Vanzetti,  digital  pressure  on  arteries  in  in- 
flammation, 203 
in  varicose  aneurism,  452 
Varicose  ANEURisjt,  450,  463 

in  arm,  459 

in  groin.  463 

in  neck,  454 

symptoms  of,  451 

treatment  of,  452,  459 
ulcer,  266 
Varix,  aneurismal,  449,  454,  455 

of  arm,  460 

in  neck,  322,  454 

in  a  stunip,  72 

symptoms  of,  450 
Vascular  tumour,  989 

Vaso-motor  influence  of  sympathetic  nerve, 
143 

Veins,  air  in.    Sec  Air  in  veins 
canalization  of,  467 
hremorrliage  from,  386,  3S8 

into  abscess,  251 
injuries  of,  386 

obstruction  of,  a  cause  of  gaiitn'ene 
874,  880  so. 

post-mortem  appearances  of,  inpya;mia, 

949,  950 
wounds  of,  386 

wounds  of,  communicating  with  arteries 
449 
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Vein,  axillary,  laceration  of,  634 

femoral,  wound  of,  463 

jugular,  wound  of,  454,  810 
•  subclavian,  wound  of,  455 
Velpeau,  hernia  of  lung,  842 

caustics  in  cancer,  1037,  1038 

cure  of  cancer,  1042 

liereditariness  of  cancer,  1012 

torsion  of  arteries,  406 
A'^ena  cava,  wounds  of,  846 
Venereal  diseases,  1066 
Venous  hseniorrhage,  388 

injection,  390 

inspiration,  467 
Ventilation  in  hospitals,  12 

imperfect,  a  cause  of  erysipelas,  910 
of  py;emia,  939 

importance  of,  in  surgery,  9 
Verduiu,  ainimtatiou  by  the  Hap-nietliod,  55 
Vermale's  amputation,  56,  131 
Vertebra.     Sec  Spine 
Vesical.    See  Bladder 
Vesicants,  216 
Vesicular  syphilide.  1 107 
Vessels,  affecteil  in  inlianimation,  176 

development  of,  in  granulations,  278 
in  lymph,  273 

wounded,  ha;monhage  from,  388 
A'idal,  inoculation  of  syphilis,  1085 

separation  of  facial  bones,  552 
Villous  tumours,  994 

Virchow,  fibroid  tumour  of  the  uterus,  983 
formation  of  epithelial  nests,  103 1 

of  cancerous  growths,  loio 
pathology  of  iufhimmation,  148 
secondary  de[)0sit  of  cancer,  lOio 
Viscera,  abdominal,  injuries  of,  847 
rupture  of,  847 
pelvic,  injuries  of,  863 
syphilis  of,  1092,  11 19 
in  infants,  1 129 
Vision.    See  Sight 

Volkmann,  dislocation  from  destruction,  637 
statistics  of  amputations,  78,  106,  121, 
126 

"  sharp  spoon,"  242 
Vomiting  of  blood  in  fractured  skull,  724 
Von  Winiwarter,  statistics  of  cancer,  1013 


AVadding  of  guns,  injuries  by,  327,  841 
Wakley,  asphyxia  among  infants,  825 
"VValde3^er,  origin  of  cancer,  1008 
Walker,  treatment  of  fractured  spine,  793 
Wallace,  phagedajnic  sores,  1070 
Waller,  Dr.  A.,  migration  of  blood-corpus- 
cles, 153 
pathology  of  suppuration,  153 
Walshe,  analogy  between  secondary  cancer- 
ous deposits  and  secondary  abscesses 
in  pyajmia,  1009 
compression  in  cancer,  1040 
Wardrop,  amaurosis  from  injury  of  the 

frontal  nerve,  806,  807 
Warmth  and  moisture  in  acute  inflammation, 
204 

in  chronic  inflammation,  215 
"Warren,  air  in  veins,  468,  469 
axillary  aneurism,  456 


Wakts,  993 

dissecting  porter's,  369 

venereal,  1079 
Warty  cicatrices  after  burns,  381,  883 
Wasi)S,  stings  of,  350 
Water-dressing,  204,  307 
Water-glass  bandage,  520 
AVatson,  hydropliobia  from  bites  of  rabid 

wolves,  354,  355 
\\  eak  nicer,  262 

Weber,  vascularization  of  the  thrombus,  399 
Weeks,  duration  of  life  in  asphyxia,  821 
AVegner^  peritonitis  in  animals,  855 
Wells,  Horace,  nitrous  acid  gas  used  as  an 

ansesthctic,  19 
AVells,  Spencer,  forci-pressure  forceps,  40, 

408,  1047 
AVens,  980 

AVest,  non-penetrating  wound  of  heart,  844 
statistics  of  foreign  bodies  in  wind- 
pipe, 817 

AVlieelhouse,  injury  of  sciatic  nerve,  476 
AVhite  corpuscles  in  inflammation,  152 
White,  inoculation  with  saliva  of  rabid  dog, 
355 

compound  dislocation  of  kuee-joint,  636 
AVhite  swelling,  212,  1056 
AVhitlow,  927 

amputation  for,  930 

treatment  of,  929 
AVilks,  syphilitic  visceral  disease,  11 19 
AVilliams,  Dr.  C.  J.  13.,  blood  in  inflamma- 
tion, 153 
AVind-contusions,  847 
AVind-pipe.    Sec  Air-tube 
AVire  ligatures,  419 

AViseman,  amputation  after  gun-shot  wounds, 
348 

som'ces  of  syphilitic  infection,  1068 
AVoolsorter's  disease,  362 
AVomen,  chancre  in,  1071,  1087 
AVormald,  treatment  of  liactured  spine,  794 
Worm-eaten  caries,  11 17 
AVound-diphtheria,  897,  900 

causes  of,  901 

treatment  of,  901 
Wounds,  298 

antiseptic  treatment  of,  3,  191  —196, 
308,  311,  319,  338 

arrow-,  325 

contused  and  lacerated,  315 

dissections,  367 

dressing  of,  307—314 

gun-shot,  326.    Ser  Gun-shot  AVounds 

incised,  298.    See  Incised  AVounds 

poisoned,  350 

punctured,  322 

subcutaneous,  297 

treatment  of,  298 
union  of,  268.    Sec  Union 
Wounds  of  abdomen,  852 

treatment,  857 
of  air-])assa,ge,  810 

ankle-joint,  494 

aorta,  846 

arteries.    Sec  Arteries 
arterio-venous,  449 
of  bladder,  863 

brain  and  membranes,  701,  738 
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cerebral  nerves,  751 
cliecks,  800 
chest,  837 
diaiihragiu,  852 
Jura  mater,  732 
ears,  801 
elbow-joint,  494 
eyeball,  804,  805 
face,  8cx3 
forehead,  747 
genital  organs,  866 
heart,  843,  844 
intestines,  853 

treatment  of,  858 
joints.  488 

arthritis  from,  488 

complicating  fracture,  532 
knee-joint,  493 
larjmx,  811 
lips,  8cxD 
lungs,  830 

by  fractured  ribs,  557 
mouth,  808 
nerves,  472 
ccsophagus,  811,  826 
orljit,  802 
palate,  808 
parotid  duct,  800 
jjenis,  866 
pericardium,  843 
pharynx,  808 
scalp,  714 


Wounds — contimccd. 

spinal  cord,  785 

throat,  809 

tongue,  808 

trachea,  809,  811 

urethra,  866 

veins,  386 

vena  cava,  846 

wrist -joint,  494 
Wren,  Sir  C.,  venous  injection  performed 

by,  390 

Wrenches  of  s])ine,  788 
WiiiST,  amputation  at,  96 

dislocations  of,  663 

excision  of,  for  gun-shot  wound,  348 

fractures  near,  578 

wounds  of,  494 
Wrist-drop,  after  fracture  of  humerus,  573 
Wunderlicli,  temperature  in  pyreniia,  946 


Yeo,  Gerald,  antiseptic  treatment  of  frac- 
tured skull,  734 
Youatt,  caustic  in  hydrophobia,  360 
Young,  compression  in  cancer,  1039,  1040 


Zetssl,  treatment  of  bubo,  1078 

Ziegler  and  Tillmans,  development  of  new 

connective  tissue,  273 
Zinc,  salts  of,  in  cancer,  1038,  1039 
Zygoma,  fractures  of,  552 
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style  of  typography,  to  issue  the 
work  at  a  reduced  price,  and  at 
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by  Richard  Quain,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College  of 
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"  For  years  to  come  Qi  ain's  Dictionary  will 
be  a  classical  work  of  reference;  and  we  only 
do  our  plain  duty  in  commending  it  to  the  notice 
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revised.    Fcap.  8vo,  price  5^. 

OTES  ON  THE  TREATMENT  of  SKIN  DISEASES. 

By  the  same  Author.    Fifth  Edition.    i8mo,  price  y. 


PLEPHANTIASIS  GR^CORUM,  or  TRUE  LEPROSY; 

Being  the  Goulstonian  Lectures  for  1873.       ^^^^  same  Author.  Cr.  8vo,  4^.  6d. 


CLINICAL  LECTURES  ON  DISEASES  OF  THE 

LIVER,  JAUNDICE,  AND  ABDOMINAL  DROPSY; 
Including  the  Croonian  Lectures  on  Functional  Derangements  of  the  Liver, 
delivered  at  the  Royal  College  of  Physicians  in  1874.  By  Chaki.ks 
MuRCHisoN,  M.D.,  LL.D.,  F.R.S..  &c.;  late  Physician  and  Lecturer  on 
the  Principles  and  Practice  of  Medicine,  St.  Thomas  s  Hospital.  New 
Edition,  preparing  for  publication. 

A   TREATISE  ON  THE  CONTINUED  FEVERS 

OF    GREAT  BRITAIN. 

By  Charles  Murciiison,  M.D.,  LL.D.,  F.R.S.,  &c..  Fellow  of  the 
Royal  College  of  Physicians  ;  lale  Physician  and  Lecturer  on  the  Prin- 
ciples and  Practice  of  Medicine,  St.  Thomas's  Hospital.  Third  Edition, 
Edited  by  W.  Cayley,  M.D.,  F. R.C.P.  With  6  Coloured  Plates  and 
Lithographs,  19  Diagrams  and  20  Woodcut  Illustrations.    8vo,  price  25.?. 

A    TREATISE  ON  GOUT  AND  RHEUMATIC 

^    GOUT  (RHEUMATOID  ARTHRITIS). 

By  Alfred  Baring  Garrod,  M.D.,  F.R  S.,  &c. ;  Consulting  Physician 
to  King's  College  Hospital.  Third  Edition,  thoroughly  revised  and  en- 
larged ;  with  6  Plates,  comprising  21  I'^igures  (14  Coloured),  and  27  liius- 
trations  engraved  on  \Vood.    8vo,  price  21s. 

HIMALAYAN  AND  SUB-HIMALAYAN  DIS- 
TRICTS OF  BRITISH  INDIA, 

Their  Climate,  Medical  Topograpliy,  and  Disease  Distribution  :  with  reasons 
for  assigning  a  Malarious  Origin  to  (ioitre,  and  some  other  Diseases.  By 
F.  N.  Macnamara,  M.D.,  F.R.Ci.S.,  Surgeon-Major  (retired)  Indian 
Medical  Service.    With  Map  and  Fever  Chart.    8vo,  price  21s. 


J3ISEASES  OF  THE  KIDNEY  AND  URINARY 

DERANGEMENTS. 

By  W.  lIowsHii' Dickinson,  M.D.  Cantab.,  PM<.C.P.,  &c..  Physician  to, 
and  Lecturer  on  Medicine  at,  St.  George's  Hospital.  In  Three  Parts! 
1'art  l.—Dialietes,  with  3  Plates  of  Figures  and  17  Woodcuts.  8voj 
price  los.  6d.  Part  W.—Alluimiiiiiria,  with  11  Plates  and  31  Woodcuts' 
price  20s.  ' 

***  The  Two  Parts  may  be  had  separately,  each  an  independent  work  : 
Part  I,— Z>/,//;t/('.f,  price  I2j.  cloth.  Part  II.— Being  the  Second  Edition 
Revised  of  Dr.  Dickinson's  Pathology  and  Treatment  of  Albuminuria  " 
price  2is.  cloth.    Part  HI.,  ci-mpieting  the  work,  is  in  the  Pressi  ' 
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pLINICAL   RESEARCHES   ON    DISEASE  IN 

^  INDIA. 

13y  Charles  Morehead,  M.D.,  Surgeon  to  llie  Tamsetjee  Jeejeebhoy 
Hospital.     Second  Edition,  thoroughly  revised.    8vo,  price  21  j. 
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N  THE  USE  OF  THE  LARYNGOSCOPE  IN 

DISEASES  OF  THE  THROAT; 

Wilh  an  Appendix  on  Rhinoscopy.  By  Morell  Mackenzie,  M.D. 
Lond.,  Senior  Physician  to  the  Hospital  for  Diseases  of  the  Throat  and 
Chest,  and  Lecturer  on  Diseases  of  the  Throat  at  the  London  Hospital. 
Third  Edition,  revised  and  enlarged;  with  47  Woodcut  Illustrations. 
Svo,  price  6j. 

ENTAL  PATHOLOGY  AND  SURGERY. 

By  S.  James  A.  Salter,  ^LI>.,  F.R.S.,  Examiner  in  Dental  Surgery  at 
the  College;  Dental  Surgeon  to  Guy's  Hospital.  Wilh  133  Illustrations. 
Svo,  price  18s. 

UNSHOT  INJURIES. 

Their  History,  Characteristic  Features,  Complications,  and  General  Treat- 
ment ;  wilh  Statistics  concerning  them  as  they  are  met  with  in  Warfare. 
By  Surgeon-General  T.  Longmore,  C.B.,  F.  R.C.S.,  Honorary  Surgeon 
to  H.i\L  (^ueen  Victoria;  Professor  of  Military  Surgery  in  the  Army 
Medical  School.    With  58  Illustrations.    Svo,  price  31^-.  6i/. 


CAN    REMO    CLIMATICALLY   AND  MEDI- 

CALLY  CONSIDERED. 

By  Arthur  Hill  Hassall,  M.D.,  London.  Member  of  the  Royal 
College  of  Physicians  of  England  ;  late  Senior  Physician  to  the  Royal  Free 
1  iospital  ;  Founder  of  and  Consulting  Physician  to  the  Royal  National 
Hospital  for  Consumption  and  Diseases  of  the  Chest,  tS:c.  New  Edition, 
with  30  Illustrations.    Crown  Svo,  price  5^. 

-y^INTERlNG   IN   THE  RIVIERA; 

\Vith  Notes  of  Travel  in  Italy  and  France,  and  Practical  Hints  to  Travel- 
lers. By  William  Miller,  S.S.C.  Edinburgh.  Second  and  Cheaper 
Edition,  with  12  Lithographic  Illustrations.    Post  Svo,  price  7^.  6c/. 


qpHE    DIAGNOSIS    AND    TREATMENT  OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

]5y  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  1  losjiital.  New 
Edition,  being  the  FourtlC  in  great  part  re-w  ritten  aiid  much  enlarged,  wilh 
211  Engravings  on  Wood,  of  which  79  are  new  in  this  Edition.  Svo, 
price  24.f. 


s 


WORKS  ON  MEDICINE,  SURGERY 


T  ECTURES  ON  THE  DISEASES  OF  INFANCY 

^    AND  CHILDHOOD. 

By  Charles  West,  M.D.,  &c.,  Founder  of  and  formerly  Physician  to  the 
Hospital  for  Sick  Children.  Seventh  Edition,  revised  and  enlarged.  8vo,  i8s. 

fJiNTS  TO  MOTHERS  FOR  THE  MANAGE- 

MENT  OF  THEIR  HEALTH  DURING  THE  PERIOD  OF 
PREGNANCY  AND  IN  THE  LYING-IN  ROOM  : 
With  an  Exposure  of  Popular  Errors  in  connection  with  those  subjects,  and 
Hints  on  Nursi^.    By  Thomas  Bull,  M.  D.    New  and  Cheaper  Edition, 
thoroughly  revised  and  improved.    Fcap.  8vo,  price  is.  6d. 

T^HE  MATERNAL  MANAGEMENT  OF  CHILDREN 

IN  HEALTH  AND  DISEASE. 

By  the  same  Author.  New  and  cheaper  Edition,  thoroughly  revised  and 
improved.    Fcap.  8vo,  price  is.  6d. 


"J^HE   HANDBOOK   FOR  MIDWIVES. 

By  Henry  Fly  Smith,  M.B.  Oxon.,  M.R.C.S.,  late  Assistant-Surgeon 
at  the  Hospital  for  Sick  Women,  Soho  Square.  With  41  Woodcuts. 
Crown  8vo,  price  $s. 


HE  HEALTH  OF  THE  SENSES:  SIGHT. 

HEARING,  VOICE,  SMELL  AND  TASTE,  SKIN. 
With  some  general  Hints  on  Health,  Diet,  Education,  Health  Resorts  of 
Europe,  &c.    By  H.  Macnaughton  Jones,  M.D.,  F.R.C.S.  I.  l\:  Ed. 
Examiner  in  the  Royal  University,  Ireland,  formerly  Professor  in  the 
Queen's  University,  Ireland,  &c.   With  60  Woodcuts.    Crown  8vo,  y.  dd. 


npHOMSON'S    CONSPECTUS    ADAPTED  TO 

THE  BRITISH  PHARMACOPCEIA. 

By  Edmund  Lloyd  Birkett,  M.D.,  &c.,  Physician  to  the  City  of 
London  Hospital  for  Diseases  of  the  Chest.  Latest  Edition,  with  Supple- 
ment contammg  Notices  of  the  Medicines  and  Preparations  added  in 
1874  to  the  British  Pharmacopoeia.    i8mo,  price  bs. 


T^HE   ESSENTIALS  OF   MATERIA  MEDICA 

AND  THERAPEUTICS. 

^li^'^^^^^  Garrod,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College 


of  Physicians;  Consulting  Physician  to  King's  College  Hospital ;  late  Pr?- 
fessor  of  Therapeutics  at  King's  College,  London.  The  Ninth  Edition 
revised  and  edited,  under  the  supervision  of  the  Author,  by  E.  B  Baxter' 
M.D.,  t  .K.C.P..  Professor  of  Materia  Medica  and  Therapeutics  in  Kind's 
College,  London  ;  Senior  Physician  to  the  Evelina  Hospital  for  Sick 
Children ;  Assistant-Physician  to  King's  College  Hospital.    Crown  8vo 


PUBLISHED  BY  MESSRS.  LONGMANS  CO. 
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R.   PEREIRA'S    MATERIA    MEDICA  AND 

THERAPEUTICS, 

Abridged,  and  adapted  for  the  use  of  Medical  and  Pharmaceutical  Prac- 
titioners and  Students.  Edited  by  Professor  R.  Bkntley,  M.R.C.S., 
F.L.S.,  and  by  Professor  T.  Redwood,  Ph.D.,  F.C.S.  With  an  Ap- 
pei^dix  containing  the  New  Medicines  included  in  1874  by  the  Medical 
Council  in  tlie  British  Pharmacopceia,  and  Commentaries  thereon  by  the 
Editors.    8vo,  with  126  Woodcuts,  price  25J. 


€hmmtxv, 

r)ICTIONARY   OF   CHEMISTRY   AND  THE 

^    ALLIED  BRANCHES  OF  OTHER  SCIENCES. 

By  Henry  Watts,  F.R.S.,  F.C.S.,  Editorof  the  Journal  of  the  Chemical 
Society,  assisted  by  eminent  Scientific  and  Practical  Chemists.  With  a 
Third  Supplement,  completing  the  Record  of  Chemical  Discovery  to  the 
end  of  the  year  1878,  including  the  more  Important  Discoveries  made  in 
1879  and  1880.    9  vols.  8vo,  price  ;^I5  2s.  6d. 


£LEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical.  By  William  Allen  Miller,  M.D.,  D.C.L., 
LL.  D.,  late  Professor  of  Chemistry  in  King's  College,  London.  Part  I. — 
CHEMICAL  PHYSICS.  Sixth  Edition,  revised  by  Herbert  McLeod, 
F.C.S.    With  274  Woodcuts.    8vo,  price  16^. 

IVriLLER'S  ELEMENTS  OF  CHEMISTRY,  Part  II. 

INORGANIC  CHEMISTRY.  Sixth  Edition,  revised  throughout,  with 
Additions  by  C.  E.  Groves,  Fellow  of  the  Chemical  Societies  of  London, 
Paris,  and  Berlin.    With  376  Woodcuts.    8vo,  price  24^. 

]\/riLLER'S  ELEMENTS  OF  CHEMISTRY,  Part  III. 

ORGANIC  CHEMISTRY,  or  the  Chemistry  of  Carbon  Compounds. 
Hydrocarbons,  Alcohols,  Ethers,  Aldehydes  and  Paraffinoid  Acids.  P'ifth 
Edition,  revised  and  in  great  part  re-written,  by  H.  E.  ARMSTRONG, 
F.R.S.,  and  C.  E.  Groves,  F.C.S.    8vo,  price  31.?.  U. 


INTRODUCTION  TO  THE  STUDY  OF  IN- 

ORGANIC  CHEMISTRY. 

By  William  Allen  Miller,  M.D.,  D.C.L.,  LL.D.,  late  Professor  of 
Chemistry  in  King's  College,  London.  With  71  Figures  ou  Wood. 
Small  Svo,  price  3J-.  (>d. 

QUANTITATIVE  CHEMICAL  ANALYSIS. 
By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the 
Andersonian  University,  Glasgow.  With  88  Woodcuts.  Small  Svo,  4^.  dd. 


QUALITATIVE  CHEMICAL  ANALYSIS  AND 
LABORATORY  PRACTICE. 

By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the  Ander- 
sonian University,  Glasgow;  and  M.  M.  Pattison  Muir.  With  Plate 
and  57  Woodcuts.    Small  Svo,  price  3^.  (>d. 
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WOFA'S  ON  GENERAL  SCIENCE. 


COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,  witli  express  reference  to  tlic 
Three  Montlis' Summer  Practice.  By  William  Odling,  M.A.,  F.R.S. 
Fiftli  Edition,  with  71  Woodcuts.    Crown  8vo,  price  6s, 

INORGANIC     CHEPvlISTRY,  THEORETICAL 

AND  PRACTICAL  ;  with  an  Introduction  to  the  Principles  of  Chemical 
Analysis,  Inorganic  and  Organic.  By  WiLLiAM  Jago,  F.C.S.,  Afso.  Inst. 
Chem.,  &c. ,  Science  Master  in  the  Brigliton  Scliool  of  .Science  and  Art. 
Third  Edition,  revised  and  enlarged;  with '46  Woodcuts.  Fcap.  8vo,  price  2s. 


INTRODUCTION  TO  THE  STUDY  OF  OR- 
GANIC CHEMISTRY; 

The  Chemistiy  of  Carbon  and  its  Compounds.  By  H.  E.  Armstrong, 
F.  R.S.,  Sec.  Chem.  Soc.    With  8  Woodcuts.    Small  8vo,  price  3^.  6d. 


A     SHORT    TEXT-BOOK    OF  INORGANIC 

^  CHEMISTRY. 

By  Dr.  Hermann  Kolbe,  Professor  of  Ciiemistry  in  the  University  of 
Leipzig.  Translated  and  edited  by  T.  S.  Humpidge,  Ph.D..  B.Sc.(Lond.), 
Professor  of  Chemistry  and  Physics  in  Ihc  University  College  of  Wales, 
Aljerystwyth.  With  a  coloured  Table  of  Spectra  and  66  Woodcuts.  Crown 
8vo,  price  ys.  6d. 

CHEMICAL    NOTES    FOR    THE  LECTURE 

ROOM— ON  HEAT,   LAWS  OF  CHEMICAL  COMBINATION, 
AND   CIIEMISTRY    OF   THE  NON-METALLIC  ELEMENTS. 
By  Thomas  Wood,  Ph.D.,  F.C.S.    Third  Edition.    Crown  8vo,  jnice  5J. 
NOTES  ON  THE  METALS,  by  the  same  Author.  Second  Edition,  price  5^-. 


PRACTICAL  CHEMISTRY; 

The  Principles  of  Qualitative  Analysis.  By  Willlvm  A.  TiLDEN,  D.Sc. 
Lond.,  F.C.S.    Fcp.  8vo,  price  is.  61/. 

INTRODUCTION     TO     THE     STUDY  OF 

^      CHEMICAL  PHILOSOPHY ; 

The  Principles  of  Theoretical  and  .Systematic  Chemistry.  By  William 
A.  TiLDEN^  D.Sc.  &c.  With  5  Woodcuts^  Small  8vo,  price  3^.  6d.  With 
Answers  to  Problems,  price  4J.  6d. 


npHE  ART  OF  ELFXTRO-METALLURGY, 

Including  all  known  Processes  of  Electro-Deposition.  By  G.  Gore,  LL.D., 
P'.R.S.    With  Woodcuts  and  Diagrams.    Small  8vo,  price  6.f. 

EXPERIMENTAL  CHEMISTRY 

For  Junior  Students.  By  J.  P2merson  Reynolds,  M.D.,F.R.S.,  Professor 
of  Chemistry,  Univ.  of  Dublin.  Fcp.  8vo,  with  numerous  Woodcuts. 
Part  l.  —  Jrieroductory,  price  is.  6t/.  Part  }l.—A'on-Jl/f/a/s,  \\''nh  an 
Appendix  on  Systematic  Testing  for  Acids,  price  2s.  G</.  Part  III.  M^^tals 
and  Allied  Bodies,  price  3^.  GcL 


PUBLISHED  BY  MESSRS.  LON'GMANS  &'  CO. 
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QN  ARTIFICIAL  MANURES, 

Their  Chemical  Selection  and  Scientiftc  Applications  to  Agriculture  ;  a 
series  of  Lectures  given  at  the  Experimental  Farm,  Vincennes,  in  1867  and 
i^74-75'  By  Ckorc;i;s  Villk.  Translated  and  edited  by  W.  Crook!'.s, 
F.is..ii.,  V.P.C.S.    Second  Edition,  with  31  Illustrations.    8vo,  price  21s. 


[NDUSTRIAL  CHEMISTRY; 

A  Manual  for  use  in  Technical  Colleges  or  Schools,  also  for  Manufacturers 
and  others,  based  on  a  Translation  of  Stohmanu  and  Engler's  German 
Edition  of  Payen's  Precis  de  Chiniie  Indnstridle.  Edited  and  supple- 
mented with  Chapters  on  the  Chemistry  of  the  Metals,  &c.,  by  B.  II. 
Paul,  PhT).    With  698  Woodcuts.    iNIediuni  8vo,  price  \is. 


pIESSE'S  ART   OF  PERFUMERY, 

And  Methods  of  obtaining  the  Odours  of  Plants  ;  the  Growth  and  General 
Flower  Farm  System  of  raising  Fragrant  Herbs  ;  with  Instructions  for  the 
Manufacture  of  Perfumes  for  the  Handkerchief,  Scented  Powders,  Odorous 
Vinegars  and  Salts,  Snuff,  Dentifrices,  Cosmetics,  Perfumed  Soap,  &c  To 
which  is  added  an  Appendix  on  Preparing  Artificial  Fiuit  Plssences,  &c. 
Fourth  Edition,  with  100  Woodcuts.    Square  crown  Svo,  ])ricc2i,i\ 


URANDE'S  DICTIONARY  OF  SCIENCE,  LITE- 

^    RATURE,  AND  ART; 

Comprising:  the  Definitions  and  Derivations  of  the  Scientific  Terms  in 
general  use,  together  with  the  History  and  Descriptions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Re-edited  by  the 
Rev.  Sir  G.  W.  Cox,  Bart.,  M.A.    3  vols,  medium  Svo,  price  63^. 


[JRE'S  DICTIONARY  OF  ARTS,  MANUFAC- 

^    TURKS,  AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  The  Seventh 
lulition,  comi)letely  revised  and  greatly  enlarged  by  Robert  Hunt, 
F.R.S.,  Keeper  of  Mining  Records,  assisted  by  F.  W.  RuiJi.ER,  F.G.S., 
and  by  numerous  Contributors.  With  2,604  Woodcuts.  4  vols,  mediuni 
Svo,  price  £,^  "js. 


aRNOTT'S    ELEMENTS    OF    PHYSICS  OR 

NATURAL  PHILOSOPHY. 

Seventh  Edition,  edited  by  A.  Bain,  LL.D.,  and  A.  S.Taylor,  M.D., 
F\R.S.    Crown  Svo,  Woodcuts,  price  I3,f.  6(L 
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WORKS  ON  GENERAL  SCIENCE. 


£LEMENTARY  TREATISE  ON  PHYSICS; 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot's  itlemen/s  de  Physique  (with  the  Author's 
sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Staff  College,  Sandhurst.  Eleventh  Edition,  revised  and  enlarged, 
with  5  Coloured  Plates  and  898  Woodcuts.    Large  crown  Svo,  price  15^. 


XTATURAL    PHILOSOPHY   FOR  GENERAL 

READERS  AND  YOUNG  PERSONS; 

Being  a  Course  of  Physics  divested  of  Mathematical  Formulze,  and  ex- 
pressed in  the  language  of  daily  life.  Translated  from  Ganot's  Cours  de 
Physique  {y^\\\\  the  Author's  sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S. 
Fifth  Edition,  carefully  revised ;  with  25  pages  of  New  Matter,  2 
Coloured  Plates,  and  471  Woodcuts.    Crown  Svo,  price  'js.  6d. 


npEXT-BOOK  OF  PHYSICAL  OPTICS. 

By  R.  T.  Glazehrook,  M.A.,  Fellow  and  Lecturer  of  T: 
Cambridge.    Small  Svo,  with  numerous  Woodcuts,  price  6.f. 


H 


WORKS  BY  PROFESSOR  TYNDALL. 
EAT  A  MODE  OF  MOTION. 

Sixth  Edition  (Thirteenth  Thousand),  revised  and  enlarged  ;  wilh  124 
Woodcuts.    Crown  Svo,  price  I2s. 

COUND. 

Fourth  Edition,  revised  and  augmented.  With  Frontispiece  of  Fog-Syren, 
and  200  Woodcuts.    Crown  Svo,  price  los.  6d. 

T  ECTURES  ON  LIGHT  delivered  in  America  in  1872 

and  1S73.  Second  Edition,  with  Portrait  engiaved  on  Steel,  i  Litlio- 
graphic  Plate,  and  59  Diagrams.    Crown  Svo,  price  7j.  6d. 

T  ESSONS    IN    ELECTRICITY  AT  THE  ROYAL 
INSTITUTION  OF  GREAT  BRITAIN,  1875-76. 
With  58  Woodcuts.    Crown  Svo,  price  2s.  6d. 

ISJOTES  OF  A  COURSE  OF  SEVEN  LECTURES 

-'■^     ON    ELECTRICAL  PHENOMENA   AND   THEORIES.  Crown 
Svo,  price  is.  sewed,  or  is.  6d.  cloth, 

■MOTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.    Crown  Svo,  price  is.  sewed,  or  is.  6d.  cloth. 

pRAGMENTS  OF  SCIENCE; 

A  Series  of  Detached  Essays,  Addresses,  and  Reviews.  Sixth  Edition, 
revised  and  augmented.    2  vols,  post  Svo,  price  16^. 

PSSAYS  ON  THE  FLOATING  MATTER  OF  THE 

^    AIR  IN  RELATION  TO  PUTREFACTION  AND  INFECTION. 
Second  Edition,  with  24  Woodcuts.    Crown  Svo,  price  7^-.  6d. 

pARADAY   AS   A  DISCOVERER.. 

Fcp.  Svo,  price  y.  6d. 
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VIBRATORY  MOTION  AND  SOUND. 

%  J.  D.  Everett,  M.A.,  D.C.L.,  F.R.S.,  F.R.S.E.  ;  Professor  of 
Natural  Pliilosophy  in  the  Queen's  College,  Belfast.  With  48  Woodcuts 
and  4  Lithographic  Plates  of  Diagrams.    8vo,  price  7.*-.  6</. 

J\IR   AND  RAIN; 

The  Beginnings  of  a  Chemical  Climatology.  By  Rur.ERT  Angus  Smith, 
Ph.D.,  F.R.S.,  F.C.S.,  (General)  Inspector  of  Alkali  Works  for  the  Govern- 
ment.   With  8  Illustrations.    8vo,  price  24J. 

^HE  CORRELATION  OF  PHYSICAL  FORCES. 

Sixth  Edition,  with  other  contributions  to  Science.  By  the  Hon.  Sir  W, 
R.  Grove,  M.A.,  F.R.S.,  one  of  the  Judges  of  the  Court  of  Common 
Pleas.    8vo,  price  i^s. 
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SHORT   MANUAL  ON  HEAT,  FOR  THE 


USE  OF  SCHOOLS  AND  SCIENCE  CLASSES.  By  the  Rev.  A. 
Irving,  B.  A.  and  B.Sc,  Second  Master  of  the  High  School,  Nottingham. 
With  33  Diagrams.    Small  8vo,  price  2s.  6d. 


T;^HE0RY  of  HEAT. 

By  J.  Ci.KRK  Maxwell,  M.A.,  LL.D.  Edin.,  F.R.SS.  L.  &  E.,  Professor 
of  Experimental  Physics  in  the  University  of  Cambridge.  With  41  Wood- 
cuts and  Diagrams.    Small  8vo,  price  3J.  6d. 

ELEMENTS  OF  ASTRONOMY. 

By  Robert  S.  Ball,  LL.D.,  F.R.S.,  Professor  of  Astronomy  in  the 
University  of  Dublin,  and  Royal  Astronomer  of  Ireland.  With  136  Figures 
and  Diagrams.    Small  8vo,  price  6s. 


QUTLINES  OF  ASTRONOMY. 

By  Sir  John  F.  W.  Hersciiel,  Bart.,  K. H.,  &c..  Member  of  the  Insti- 
tute of  France.  Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams. 
Square  crown  8vo,  price  12s. 

r-ELESTIAL  OBJECTS  FOR  COMMON  TELE- 

SCOPES. 

By  the  Rev.  T.  W.  Webk,  M.A.  Fourth  Edition,  adapted  to  the  Present 
State  of  Sidereal  Science  ;  Map,  Plate,  Woodcuts.    Crown  8vo,  price  9^-. 


A 


HANDBOOK  OF  PRACTICAL  TELE- 
GRAPHY. 

By  R.  S.  Culley,  Member  Inst.  C.E. ,  Engineer-in-chief  of  Telegraphs  to 
the  Post  Office.  The  Seventh  Edition,  revised  and  enlarged  ;  with  132 
Woodcuts  and  18  Lithographic  Plates  of  Apparatus.    8vo,  price  i6s. 


^EXT-BOOK  OF  TELEGRAPHY. 

By  W.  PI.  Preece,  C.E.,  Divisional  Engineer,  P.O.  Telegraphs;  and 
J.  SiVEWRiGHT,  M.A.,  Superintendent  (luigineering  Department)  P.O. 
Telegraphs.  With'iGo  Figures  and  Diagrams  engraved  on  wood.  Small 
Svo,  $s. 
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WORKS  BY  RICHARD  A.  PROCTOR,  B.A. 
A   NEW  STAR  ATLAS, 

For  tlie  Library,  the  School,  and  the  Observatory,  in  Twelve  Circular  I^Iaps 
(with  Two  Index  Plates).  Intended  as  a  Companion  to  '  Webb's  Celestial 
Objects  for  Common  Telescopes.'  With  a  Letterpress  Introduction  on  the 
Study  of  the  Stars,  illustrated  l)y  9  Diagivims.    Crown  8vo,  price  5^. 

nrUE    SUN:   RULER,   LIGHT,     FIRE,  AND 

LIFE  OF- THE  PLANETARY  SYSTEM. 

Third  Edition,  revised;  with  9  Tlates  (7  coloured)  and  iioFigiircs  engraved 
x)n  Wood.    Crown  8vp,  price  14s. 

HTHE   MOON  ;  ; 

iler  Motions,  Aspects,  Scenery,  and  Physical  Condition.  With  Plates, 
Charts,  Woodcuts,  and  Lunar  Photograplis.    Crown  8vo,  price  los.  6d. 

QTHER  WORLDS  THAN  OURS; 

The'  Plurality  of  Worlds' Studied  under  the  Light  of  Recent  ^^cienlific 
R'es6aVches.  Fifth  Edition,  revised  and  enlarged  i_^wifh  ,14  Illustrations 
(6  coloured).    Crown  8vo,  price  lOi'.  6^/.'     "  '    " "  ' 

'pHE  ORBS  AROUND  US; 

A  Series  of  Familiar  Essays  on  the  Moon  and  Planets,  Meteors  and  Comets, 
the  Sun  and  Coloured  Pairs  of  Suns.  Second  Edition,  with  Chart  and 
4  Diagrams.    Crown  8vo,  price  7^.  6d. 

^TRANSITS  OF  VENUS..  , 

A  Popular  Account  of  Past  and  Coming  Tl-ansits,  from  the  First  Observed 
by  Ilorrocks,  a.d.  1639,  to  the  Transit  of  A.D.  2012.  Fourth  Edition,  with 
20  Plates  (12  Coloured)  and  38  Woodcuts.    8vo,  price  6d. 

3TUDIES  OF  VENUS-TRANSITS. 

An  Investigation  of  the  Circumstances  of  the  Transits  of  Venus  in  1874  and 
1882.    With7  Diagrams  and  10  Plates  of  Figures.-  8vo.  price  5^. 

JgSSAYS  ON  ASTRONOMY; 

A  Scries  of  Papers  on  Planets  and  Meteors,  the  Sun  and  Sun-surrounding 
Space,  Stars,  and  Star  Cloudlets  ;  and  a  Dissertation  on  the  approaching 
Transit  of  Venus.    With  10  Plates  "and  24  Woodcuts.    8vo,  price  12s. 

TREATISE  ON  THE  CYCLOID, 

And  on  all  forms  of  Cycloidal  Curves,  and  on  the  use  of  Cycloidal  Curves 
in  dealing  with  the  Motions  of  Planets,  Comets,  &c.,  and  of  Matter  pro- 
jected from  the  Sun.    Crown  8vo,  price  los.  6d. 
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LIGHT  SCIENCE  FOR  LEISURE  HOURS  ; 

A  Series  of  Familiar  Essays.on  Scientific  Subjects,  Natural  Phenorriena,  &c. 
First,  Second,  and  Third  Series.    CroMm  8vo,  price  'Js.  6d.  each. 

PLEASANT  WAYS   IN  SCIENCE. 

Crown  8vo,  price  6s. 

lyrYTHS  "  AND   MARVELS   OF  ASTRONOMY. 

Crown  SvD,  price  6s, 


PUBLISHED  BY  MESSRS.  LONGMANS  dr»  CO.  IS 

"]pEXT-BOOK  OF  SYSTEMATIC  MINERALOGY. 

By  Hilary  BAUERxt.VN,  F.G.S.,  Associate  of  the  Royal  School  of  Mines. 
With  372  Woodcuts.     Small  8vo,  price  (>s, 

^EXT-BOOK  OF  DESCRIPTI\^^^^  MINERALOGY. 

By  Hilary  Baukrmax,  F.Cl.S.,  Associate  of  the  Royal  School  of  Mines. 
With  236  Woodcuts.    Small  8vo,  price  6j-. 


PvfETALS,  TFIEIR  PROPERTIES  and  TREAT- 
MENT. 

By  C.  L.  Bloxam,  Professor  of  Chemistry  ia  King's  College,  London. 
With  105  Figures  on  Wood.  New  Edition,  partially  re  written  and 
augmented,  by  A.  K.  Huntinc.ton,  Professor  of  Metallurgy  in  King's 
College,  London.    Small  8vo,  price  5J. 

jy[ANUAL  OF  PRACTICAL  ASSAYING. 

By  John  Mitchell,  F.C.S.  Fifth' Edition,  in  which  are  incorporated 
all  the  recent  valuable  improvements  in  Assaying ;  including  Volumeu  ic 
and  Colorimetric  Assays,  and  the  Blowpipe  Assays.  Edited  and  re-written 
by  W.  Crookes,  F.R.S.,  with  188  Woodcuts.    8vo,  price  3IJ.  6d. 

A  PRACTICAL  TREATISE  ON  METALLURGY, 

Adapted  from  the  last  German  Edition  of  Professor  Kerl's  Metallurgy, 
by  William  Crookes,  F.R.S.,  and  Ernst  Rohrig,  Ph.D.  3  vol's. 
8s'o,  price  £,i,  i<^s. 


T^HE  TREASURY  OF  BOTANY,  OR  POPULAR 

DICTIONARY  OF  THE  VEGETABLE  KINGDOM; 

With  which  is  incorporated  a  Glossary  of  Botanical  Terms.  Edited  by 
J.  LiNDLEY,  M.D.,  F.R.S.,  and  T.  Moore,  F.L.S.,  With  20  Steel 
Plates,  and  numerous  Woodcuts.    2  Parts,  fcap.  8yo,  price  I2j. 

J[^OUDON'S  ENCYCLOPAEDIA  OF  PLANTS: 

Comprising  the  Specific  Character,  Description,  Culture,  History,  Apjjlica- 
tion  in  the  Arts,  and  every  other  desirable  particular  respecting  all 
plants  indigenous  to,  cultivated  in,  or  introduced  into,  Brit"-' 
by  Mrs.  Loudon.    8vo,  with  above  12,000  Woodcij*'^ 

nECAISNE  &  LE  MAOU^^ 

TEM  OF  DESCRIPTIVE  ' 
The  Orders  arranged  after  the 
Schools  of  Great.  Britain,  its  Cc 
an  Appendix  on  the  Natural 
J.  D.  Hooker,  C.B.,  F.R.S. 

'TEXT-BOOK  OF  ST 

SIOLOGICAL  BOTANY 
By  Professor  Otto  W.  Tho 
NETT,  M.A.,  B.  Sc.,  F.L.S., 
With  Map  and  600  Woodcuts. 
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TREATISE^^'°'^  Questions . 

And  on  all  forms  of  Cyclo.    '  ] 
in  dealing  with  the  Motions  Oi 
jeqted  from  the  Sun.    CroM'n  8vo, 
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Mitchell's  Assaying        .  . 
Morehead  on  Disease  in  Lidia   .  . 
Murchison  on  Continued  Fevers 

  on  Diseases  of  the  Liver 
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Payen's  Industrial  Chemistry    .  . 
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